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FOREWORD

This study was sponsored by the Directorate of Military Construction,
Office of the Chief of Engineers (OCE), under Project 4A762770A896, "En-
vironmental Quality for Construction and Operation of Military Facilities';
Task T2, "Pollution Control Technology'; Work Unit 006, ''Development of
Application Tools for Protection of the Environment During Construction."

The QCR number is 1.03.006 (2).

The work was performed for the U.S. Army Construction Engineering
Research Laboratory (CERL) by Battelle Columbus Laboratories, Columbus,
Ohio, under contract number DACA 88-74-R-0025.

The OCE Technical Monitor was Mr. Peter Van Parys.

Mr. W. J. Mikucki, Chief of the CERL Environmental Engineering Team,
Environmental Division (EN), was the CERL Technical Monitor.
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CHAPTER I. TINTRODUCTION

Objective

The objective of this study was to develop data and predictive
criteria on the quantity, costs of disposal, and disposal alternatives
for construction solid wastes. Supplementary information about demoli-

{ tion and waste management of debris was also gathered for this study.

Approach

The approach of this study was first to gather and analyze data
on construction/demolition solid waste management at two Army posts
(Chapter II); and then to assess various waste management alternatives,

their costs, and their advantages and disadvantages (Chapter III). ;

Scope

This is one of two reports covering construction and demolition

solid wastes. This report deals mainly with construction solid wastes; 3

a companion report* deals primarily with demolition wastes.

Background

Construction and demolition activities generate large volumes of

ed

b7 . solid waste. These wastes are an important component of the overall

municipal and industrial solid waste management problem. Existing infor-

mation relating to these wastes is so scattered in the literature that §
analyses of the problems of construction and demolition waste management

have been impeded. An effort has been made in this report to accumulate

and document the available data on construction/demolition solid wastes.

* '"Development of Predictive Criteria For Demolition and Construction
Solid Waste Management,'" Technical Report N-15, U.S. Army Construction
Engineering Research Laboratory (CERL) (1976).
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Much of the available literature in the field of construction and
demolition solid waste management has been reviewed under a recent
research program sponsored by the U.S. Army Corps of Engineers. A
bibliography of references reviewed is presented at the end of this re-
port. The available solid waste information has been abstracted and
categorized under the following headings:

(1) Solid Waste Generation Rates

(2) Solid Waste Composition

(3) Disposal/Recovery Alternatives

(4) Disposal/Recovery Costs
A discussion of major references and their documented information is

summarized in this report.

Solid Waste Generation Rates

There are many different kinds of solid waste generated by construction
and demolition activities. On a national scale, the major components of
this solid waste are concrete and wood (Jones, 1973). The volume of solid
waste streams generated by construction and demolition activities varies
with the type of structure, materials used, and procedures employed; yet
there are very few data in literature that define these specific relation-
ships.

Some quantitative data on solid waste generation rates have been
developed on a macro scale by a few selected investigators. For instance,
over a period of 13 years (1957-1969) about 19,600 structures or an
equivalent of 32,700 dwelling units were demolished annually in the U.S.

The national average solid waste generation rate from demolition work has
been about 100 tons per structure or 60 tons per dwelling unit (SCS
Engineers, 1972).

In addition, there are a few other investigators like Jones (1973),
Black, et al. (1970), Raytheon Service Company (1975, Combustion Engin-
eering, Inc. (1969), Small (1971), American Public Works Association (1970),
Bond and Straub (1973), and Glysson, et al. (1972). Much of these data are
of limited value due to the high degree of aggregation and guesswork involved

in their development. The available generation rate criteria for construc-

tion and demolition solid waste are summarized in Tables 1 and 2.




TABLE 1. SOLID WASTE GENERATION RATES FOR

CONSTRUCTION/DEMOLITION ACTIVITIES

Predictive Factors

Generation Rates

References

E | No.
-

(1)
E | (2)
(3

4)

(5)

(6)

€))

(8)

Single-family dwelling unit

State of Massachusetts

Multi-family dwelling units

Massachusetts state average

Remodeling of old dwelling
units

Demolition/remodeling
wastes

Massachusetts state average
Average construction waste

for the state of
Massachusetts

Construction and demolition
wastes

Massachusetts state average

Construction and 4demolition
wastes

National average

Industries handling their
own wastes excluded

Construction, remodeling
and demolition wastes

National average

Based on estimated material
use and 40-year* life of
structures

56 tons per unit

35 tons per unit

0.1 times demoli-
tion waste

0.183 pounds per
capita per day

0.227 pounds per
capita per day

0.41 pounds per
capita per day

0.18 pounds per
capita per day

4.65 pounds/

capita/day
or

2.32 pounds/

capita/day

Raytheon Service Co.,
1972,
Jones, 1973, p. 156.

Raytheon Service Co.,
1972.
Jones, 1973, p. 156.

Raytheon Service Co.,
1972,
Jones, 1973, p. 156,

Raytheon Service Co.,
1972,
Jones, 1973, p. 157.

Association of Gen-
eral Contractors.
Jones, 1973, p. 157.

Association of Gen-
eral Contractors.
Jones, 1973, p. 157.

Black, et al, 1970.
Jones,; 1973, p. 157,

Jones, 1973, p. 170.

* The 40-year life of structures is a low estimate.
for the generation of construction and remodeling wastes produced in addition to the
demolition wastes.

However, the assumption may adjust




TABLE 1.

(Continued)

No. Predictive Factors Generation Rates References
(1) e Cities in New Jersey--
Patterson, Clifton,
Passaic, and Wayne (1967)
a. o One-family frame house 15 cubic yards Environmental Pro-
e New construction per unit tection Agency
e Waste debris Small, 1971, p. 30.
b. e One-story, 100' x 200' 70 cubic yards
building per unit
e New construction
o Waste debris
c. o One-family frame 160 cubic yards
structure (or 56 tons)
e Demolition waste per unit
d. e One-family brick home 160 cubic yards
with brick salvaged (or 56 tons)
e Demolition weste per unit
e. o Commercial or factory 4,200 cubic yards
structure (or 1,470 tons)
e Size 100' x 200' per unit
o Demolition waste
f. e Construction and 2 pounds/capita/
demolition wastes day
e Annual city-wide
average
(10) e City of New Orleans (1967)
o Total construction waste 1.17 pounds/capita/ Small, 1971, p. 30.
day
e Noncombustible component 1.17 pounds/capita/
of construction and day
demolition waste
(11) e Demolition refuse
e National average 0.66 pounds/capita/ American Public Works
day Association, 1970, p.9
e New England 0.84 pounds/capita/ Bond and Straub, 1973,
day p. 57.
@ Southeast 0.16 pounds/capita/

day
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TABLE 1.

(Continued)

No. Predictive Factors Generation Rates References
e Great Lakes 1.16 pounds/capita/
day
e Pacific Coast 0.12 pounds/capita/
day
(12) e Tree and landscape refuse American Public Works
e National average 0.18 pounds/capita/ :ss;ciation, i
sy Bond and Straub, 1973,
e New England 0.21 pounds/capita/ p. 57.
day
e Southeast 0.81 pounds/capita/
day
e Southwest 0.40 pounds/capita/
day
e Great Lakes 0.13 pounds/capita/
day
o Pacific Coast 0.34 pounds/capita/
day
(13) e Demolition and construction 0.72 pounds/capita/ Glysson, et al., 1972,
waste day pP. 29
e Urban municipal
(14) e Tree and landscaping 0.18 pounds/capita/ Glysson, et al., 1972,
day P. 29.
(15) e Construction and demolition Bond and Straub, 1973,
waste p. 51.
e Urban average 0.72 pounds/capita/
day
(16) e Demolition solid waste 100 tons per SCS Engineers, 1972.
structure
e National average 60 tons.per
dwelling unit
(17) e Fresno Region in (see Table 2) Aerojet General Corp.,

California*

1969, p. V=33,

* The ratio of

Demolition Waste
Construction Waste

is generally equal to about 10 in the Fresno Region.




(Continued)

Predictive Factors

Generation Rates

References

e Construction and demnlition
waste as percent of
municipal waste

e Demolition waste

e National average

o Construction wastes

1.5%2 - 7.2%

2,255 tons/year/
employee

0.1 times demolition

waste

Combustion Engineering,
Inc., 1969.

Combustion Engineering,
Inc., 1969.
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There are many limitations of these generation rates. First, they
have been averaged over an entire state or the nation as a whole. For
predictive purposes, generation rate data are needed that discriminate
between facility classes, project size, and construction practices. Second,
there are large differences in the figures presented in Table 1. For
example, Black, et al.(1970) reports a generation rate of 0.18 pounds per
capita per day, whereas Jones (1973) estimates a generation rate of 4.65
pounds per capita per day. Unless more empirical research is undertaken,
the discrepancy can hardly be resolved.

The rate of 4.65 is high compared to the total national solid waste
collection rate of 5.3 pounds per capita per day. If the value of 4.65 is
considered accurate, the management of construction/demolition wastes must
be given far greater attention than it has received.

The data on construction and demolition waste volumes generated in
municipal areas are not adequately reported in literature. One study of
the Fresno Region in California reports volumes of construction and demoli-~
tion wastes from many small communities that generate total municipal solid
wastes ranging from 1.5 tons per day to 70 tons per day (Aerojet General
Corp., 1969). The data are summarized in Table 2. It is found that the
generated construction and demolition waste volumes range from 2 percent
to 7 percent of the total municipal solid waste generated annually by these
communities. The data consistently show that the demolition waste is about
10 times the weight of construction wastes generated. The data on small
communities may be representative of Army posts which often have a great
deal of similarity to small communities in terms of population growth and
construction activities resulting therefrom. The data presented in Tables
1 and 2 can tentatively be used to predict construction and demolition waste
volumes at the Army posts. However, monitoring of solid waste volumes
generated by construction and demolition activities should be done at various
Army posts in order to verify the prediction criteria.

According to the Combustion Engineering study (1969), the average
generation rate of demolition wastes in the U.S. is about 2,255 tons per
year per employee. A much higher rate of waste generation has been estimated
by Jones (1973). This study suggests that as much as 3,450 tons of solid

waste per year per employee are generated by the entire demolition industry.
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The estimated generation of solid wastes from construction, remodeling,

and demolition activities up to the year 2010 is presented in Figure 1.

Solid Waste Composition

At present, there is a real dearth of reliable information on the
composition of construction and demolition wastes in the U.S. (Jones, 1973).
According to the American Public Works Association (Bond and Straub,
1973), construction wastes generated by new construction or remodeling
activities are generally composed of:

(1) Scrap lumber

(2) Pipes

(3) Concrete

(4) Other materials

The demolition wastes from the urban renewal projects primarily consist
ok

(1) Lumber

(2) Pipes

(3) Concrete

(4) Brick masonry

(5) Asphaltic material

(6) Bat guano/pigeon excreta

(7) Other materials

A recent study sponsored by the National Science Foundation (Jones, 1973)
has estimated the composition of solid wastes generated by construction,
remodeling, and demolition activities on a national scale. The estimate
is based on available data on construction materials flow, assuming a=z
average structural life cycle of 40 years. The composition of solid wastes

predicted by Jones (1973) is presented in Table 3.

Another recent survey by Chatterje: (1974) has found the following
composition of solid wastes from construction and demolition activities:
concrete--69 percent; wood--13 percent; clay--7 percent; steel--8 percent;
gypsum products--2 percent; and <thers--1 percent. The results of the two

studies are fairly consistent. As such, the above composition figures may

serve as fairly representative predictive criteria.
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FIGURE 1. PREDICTION OF CONSTRUCTION, REMODELING, AND DEMOLITION
WASTES GENERATED IN THE UNITED STATES (SOURCE: JONES, 1973)
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TABLE 3. PREDICTION OF CONSTRUCTION, REMODELING,
AND DEMOLITION WASTE COMPOSITION IN THE
UNITED STATES

1990 2000 2010
Materials Percent by | Percent by | Percent by

Weight Weight Weight

Concrete 69.77 74.78 76.91
Wood (Total) 13.51 3. 10 9.79
Softwood Lumber 12.05 9.19 7.58
Hardwood Lumber .62 o445 A
Sof twood Plywood .43 +95 1.44
Insulated Board .29 .28 .28
Hardboard «H .18 w31
Hardwood Doors .01 .05 <05
Gypsum Products 2212 2.25 2:29
Clay (Total) 6.86 5.73 4,38
Clay (brick, floor 5.93 5.09 3.96

tile, etc.)
Structural Tile «39 Al .03
Vitrified Clay

Sewer Pipe .54 oL .39
Aluminum 16 w24
Copper 14 .0%
Plastics 29
Steel 7.74 5.84 6.01

Total Volume 315.34% 385.11% 464,22%

* The total volumes are expressed in million tons per year.

Source: Jones, 1973.
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Many hazards may occur from unsafe handling of bulky construction
wastes. The demolition wastes, if left unattended, become a dangerous play-
ground for children. A major portion of the construction and demolition
solid wastes is inert. However, the wood and metal components can cause
significant health hazards as a result of open dumping or open burning.

The public health significance of construction and demolition wastes is
summarized in Table 4. The relative severity of construction solid waste
hazards is shown in Table 5. The order of severity is 5, which is well e
below that for manufacturing solid wastes.

Little empirical research has been done hitherto to verify the estimated
composition of solid waste. The present research program is, therefore,
designed to collect data on waste composition from selected Army construction
sites. The effort represents a mere beginning in the direction of more
precise determination of the composition of construction and demolition i

solid wastes.

Disposal/Recovery Alternatives

The disposal of solid waste from construction and demolition activities {
is an important aspect of project management. According to many urban 4
ecologists, "buildings are better considered temporary arrangements than ,3
permanent monuments and should be designed to be demolished or dismantled
frequently to make way for new structures'" (Collins, 1971). Such a policy {3
can work only if methods are developed for reusing materials from demolition
activities as raw materials for new construction. The demolition firms, “

however, need help in developing new technology and new markets needed for +

economical reuse of solid wastes from construction and demolition projects.
Basically, there are four major methods of solid waste disposal:
(1) burying, (2) burning, (3) reuse or salvage, and (4) resource recovery.

These alternatives are discussed below.

Burying

Most construction and demolition solid wastes are disposed of by

burning or burying (Small, 1971). A recent study of four cities in New Jersey
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TABLE 4. PUBLIC HEALTH SIGNIFICANCE OF CONSTRUCTION WASTES

Known Public Health

Significance

Sources of Wastes Types of Wastes

Inert Materials
Brick Ceramics, CaSO,, glass, concrete,

! Stone stone, brick, plaster, soil,
Concrete sand
Wallboard
Tile
Glass
] Earth
. Plumbing fixtures

Wood
Plywood Lignin and cellulose 1. Leaching to groundwater of
Lumber aldehydes, ketones, etc.
Laths 2. Cause insects 1in landfill.
Doors 3. Cause hydrocarbon emissions.

Window frames
Structural timber
Stumps

Trees and trimmings
Boxes

Crates

Metal

Structural shapes Fe, Al, Cu, 2n, Brass, Pb, 1. May leach to groundwater
Castings steel with acid water causing
Reinforcing bars heavy metal contamination.
Cable 2. Asbestos fiber and glass
Nails dust are hazards to lung
Sheet metal tissue and may be present
Plumbing hardware in incinerator polluted
Pipe atmosphere.

Tubing 3. Demolition debris may be
Fabricated members aesthetic nuisance if piled
Wiring on land surface.

4, Surface dumps of demolition
debris may harbor rodents,
earwigs, and termites, thus
producing an environmental,
if not a public health
hazard.

5. May appear in stack dis-
charges when incinerated.

Miscellaneous
Paper Rubber, plastics, glass, 1. Leaching of phenol and
Roofing wool, paper, asbestos, organics to groundwater.
Floor covering cloth, asphalt, 2. Asbestos fiber and glass
Insulation styrofoam dust are hazards to lung
tissue and may be present
in incinerator polluted
atmosphere.
Source: G. G. Golueke and P. H. McGauhey, 1970,
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{ TABLE 5. SEVERITY OF SOLID WASTE HAZARDS
BY MAJOR INDUSTRIAL GROUP |

s1c(® Industry gzgz;ig ? ‘
! 19-39 Manufacturing l(b)
10-14 Mining 2 :
40-49 Transportation, Communications, Sanitary 3 4
Services, Electric, Gas
01-09 Agriculture 4
15-17 Contract Constructiou 5
’ 50-59 Wholesale and Retail 6
60-67 Finance, Insurance, and Real Estate 7
70-99 Services 8(b)

Source: Spindletop Research, Inc., 1971.

(a) The SIC indicates the standard industrial classification of
industries developed by the U.S. Bureau of Census.

(b) 1 = Most Severe 8 = Least Severe

-
-
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shows that the construction and demolition wastes were dumped in sanitary
landfills. In Rhode Island many old buildings have been burned, causing
serious air pollution problems (Small, 1971).

The capacity of landfills can be greatly enhanced by shredding the
wastes prior to disposal. Many different systems are being tested to
demonstrate the feasibility of disposing of demolition wastes by shredding
and compacting. A hammer shredder is being used in Tacoma, Washington, to
improve the economics of sanitary landfill and reduce air pollution due to
open burning.

Certain types of construction and demolition wastes can be compacted
with a reciprocating ram compactor developed by Kostolich (1967). The

machine is designed to handle up to 5,000 tons of solid waste per day.

Burning

Burning of solid waste is generally termed incineration. Incineration
of wastes can seriously pollute the air and the environment. Open burning
is banned in most states and as such will be discouraged in the future. ;
Controlled incineration of demolition waste is one possible solution, though
not the ultimate panacea. ;

There are many different types of controlled "smokeless incinerators" :
available for use. One such system is the Air Curtain Destructor which is ﬁ
suitable for use in densely populated residential areas (Anon., 1972c). ?
The partially burned waste particles and odorous hydrocarbons are after- '

burned by the intense heat without any additional fuel. The system only

Another non-polluting incinerator is a '"portable smokeless incinerator,"

4
{
4
|
]
emits clean, hot gases. {
developed by Camran Corporation in Seattle, Washington (Anon., 1973d). The 1

system is being tested by California Department of Transportation for

incinerating construction and demolition wastes.

Salvage and Reuse

There are several alternatives for salvage and reuse of demolition

wastes. Certain construction wastes may also be salvaged and reused on the
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project. The reuse of salvaged materials holds great promise for the
future. A recent survey of a major demolition junkyard showed that the
following discarded materials were salvaged for sale (Small, 1974):
(1) 0l1d bricks
(2) Wood: doors and windows
(3) Wood: beams
(4) Wood: cabinets
(5) Marble: window sills
(6) Glass fixtures: chandelier, globes, etc.
(7) Aluminum: doors and windows
(8) Steel: beams
(9) Switch boxes
(10) Wiring
(11) Metal: paint cans

Salvage and reuse of steel, aluminum and other metals are possible but are |
constrained by the economics of a given situation (Darnay and Franklin,
1972}

E According to Small (1971), old bricks can be used in building new

homes. The waste mortar can be used as a fill material. The leftover

wet cement from construction sites can be taken back to the dealer for
resale. The wet bags are piled up and covered to keep the cement moist.
The cement can be sold for do-it-yourself driveways. Also, the concrete
leftovers can be crushed and used as fill material.

The metallic wastes are also easily recycled (Small, 1971). The copper

is so expensive that even the scraps can be sold. The cast iron and
electric wirings can be sold back to the store. 1

The waste lumber can be used as framing and bracing materials for

new houses (Small, 1971). The packaging materials and wooden crates,

generally burnt at site, can be reused or recycled. Plastic pipes,* roofing

materials, aluminum siding, and false styrofoam beams can be salvaged and

reused. As such, these materials should be designed and manufactured for

a longer life span (Small, 1971).

* The reuse of plastic pipes is possible for inferior uses only. For
instance, water pipes can be reused to build sewer lines. However,
health standards currently prohibit their reuse on water mains. Also,

: sterilization of plastic pipes with alcohol or chemicals can be quite

| expensive.
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Resource Recovery

Recovery of wastes is an important strategy for resource conservation

it 5

and pollution abatement. There are many different alternatives for the
recovery of construction/demolition wastes. The major alternatives are:
(1) Recycling of concrete (Buck, 1972)
(2) Building bricks from inorganic wastes (Anon., 1972a)

! (3) Making concrete masonry blocks with refuse glass and cement
(Phillips, et al., 1972)

(4) Building pavements with waste concrete and glass (Anon., 1972b)

(5) Manufacturing ceramic "Thixite" panels using glass, masonry
rubble, and clay (Campbell and Shutt, 1973; MRI, 1974)

(6) Using shredded brush waste as mulch (Kiplinger, et al., undated)

(7) Using wood scraps and sawdust to make kitchen cabinets (Anon.,
1973e)

(8) Using "prefabricated" structures* (Small, 1971)

(9) Using aluminum magnet separator system to recover aluminum,
iron, and shredded fill material

Concise descriptions and the economics of these alternatives will be
developed in the latter part of the study. The economic and process infor-
mation is generally not presented in detail in available literature. As
such, they have been developed by contacting selected operators of these

recycling systems.

Disposal/Recovery Costs

j There are few, if any, data in the available literature relating to
the costs of disposal or recovery of construction and demolition solid
wastes. The lack of such data has resulted in inadequate analysis of

! potential alternatives. Necessary data and predictive criteria will be

developed as part of this research program.

o
2k
s il

* Prefabrication of structures at the factory allows recycling of various
types of wastes generated during fabrication. The wastes may be used at
the plant or in another nearby factory. The volume of on-site scrap wood
waste is also reduced as a result of prefabrication, since more wastes
are generated by on-site fabrication.

%A &h “if"&-s.‘i"
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CHAPTER II. CONSTRUCTION/DEMOLITION SOLID
WASTE MANAGEMENT AT ARMY POSTS

There has been simply no stuay at all of construction and demolition
solid waste management at Army posts. There is thus little documentation
of the volumes and composition of solid wastes generated by these activi-
ties. Nor is there any reliable data on the costs of managing construction
and demolition solid wastes.

The present study represents a first step towards developing reliable
and useful information on solid waste characteristics and management costs
for selected Army construction and demolition activities. To develop this
information, two Army posts were selected by the Construction Engineering
Research Laboratory (CERL) for detailed investigation. The posts are
Fort Campbell, Kentucky, and Fort Hood, Texas. Both Army posts have many
different construction projects currently underway. As such, they provided
an opportunity to study generation and disposal of solid wastes for many

different classes of facilities.

Data Collection Procedure

Data on construction and demolition solid waste have been collected
from the two Army posts, using the following survey procedures:

e Inspection of construction sites

e Interview with site managers

The construction sites were inspected to determine the extent and
types of solid wastes being generated by various activities. A visual
assessment was also made of the problems relating to collection, trans-
portation, and disposal of solid wastes from construction sites.

The site managers were then interviewed to determine their perceptions §
of the volume and composition of solid wastes, and their disposal costs.
The interview content procedure was determined by careful considerations
of facts that could be answered fairly accurately by the site managers.
The sequence and substance of questions asked by the investigator are
summarized in Table 6. In some cases, a copy of the "Request for Infor-

' shown in Table 6, was left with the site managers to enable

mation Form,'
them to verify the information with the help of their aids and/or sub-

contractors.
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The majority of the site managers were fairly enthusiastic in pro-
viding the needed information. Most managers appeared to overestimate
their waste generation rates and disposal costs in order to defend their
claim of burgeoning disposal costs. However, on the whole, the data were
satisfactory, since they were found to be consistent with the rates of

material usage and figures reported.

Fort Campbell

The Fort Campbell Army post is located in the state of Kentucky,
approximately 50 miles north of Nashville, Tennessee (Figure 2). The post
has a resident population of 24,000 and an effective population of 40,000.
The effective population includes all resident population and 1/3 of the
nonresident population working at the post.

The solid waste generated at the Army post, on an average, is 22,000
cubic yards per month.* The solid waste is collected in a loose form and
weighs about 100 tons per day, assuming a density of 200 pounds per cubic
yard.** This represents a waste collection rate of 8.5 pounds per capita
per day.

There are two major small towns in the vicinity of Fort Campbell.

The towns are: Clarksville, Tennessee, and Hopkinsville, Kentucky. The
city of Clarksville had a population of 31,719 in 1970 and is increasing
at a rate of 4.4 percent per year. The present (1974) population of the
city is 37,500 persons. The city of Hopkinsville, on the other hand, had
a population of 21,250 in 1970 and has been increasing at a rate of 0.92
percent per year. The present (1974) population of the city is 22,100
persons. The solid waste collection rate for both cities is in the order
of 6 pounds per capita per day. The solid waste collected at Clarksville
is about 115 tons per day, and at Hopkinsville, it is about 70 tons per day.

There are four major construction activities currently underway at

Fort Campbell. The location of these facilities is shown in Figure 3.

* The data have been furnished by Robert Anderson, Deputy Facilities
Engineer at Fort Campbell, Kentucky.

#% Bomd, R. 6., and C. P. Straub (1973), p 25.
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The solid wastes from the existing construction projects are transported
to and disposed of at the landfill located near the Little West Fork Creek
on the McNair Road.

The characteristics and disposal costs of construction and remodeling
solid wastes are summarized in Table 7. The summary information has been

developed based on raw data collected by interviewing site managers at the

four construction projects in June 1974.

Fort Hood

Fort Hood is a military installation located west of Killeen, Texas,

along Highway 190. The post is 65 miles north of Austin and about 60 miles

south of Waco (Figure 4). Fort Hood is the free world's largest armor post
and covers an area of 340 square miles. The resident population of the post
is 54,000, and the post supports about 110,000 people in the area.

The solid waste disposed of at the Army post in 1973 was about 225 1
tons per day. It had a loose density of 200 pounds per cubic yard.* This
represents a waste collection rate of 9.3 pounds per capita per day. i

Killeen is the largest city in the vicinity of Fort Hood. The town
is located adjacent to the Army post and is entirely dependent on the post
for its economic sustenance. The 1970 population of the city was 35,507;
it has been increasing at a rapid rate of 5.2 percent per year. The present
(1974) population is 42,900. The solid waste collection rate for the city
is about 6 pounds per capita per day (Bond and Straub, 1973). Therefore,
the solid waste collected by the city of Killeen is 128 tons per day.

There are six major construction and demolition projects currently
underway at Fort Hood. The location of these facilities is shown in
Figure 5. The solid wastes from these construction sites, as a rule, are

trucked to and disposed of in a landfill located on the northwest side of

the post. The domestic and other post solid wastes are dumped in a separ- ;
ate landfill in the vicinity.
The characteristics and disposal costs of construction, remodeling,

and demolition solid wastes are summarized in Table 8. In all, only two i

* The figure was provided by Major R. Sevcik of Fort Hood, Texas.




3500 9yl WO1J JUIIIJITP ST 1S0D STYI ‘Sased 1sow uj

*SM3TAJI2IUT 23TS JUTINp paysfuinj BIBP UO pasSeq S19YDIEasSa1 3[[3I3eg 2yl Aq pajemyisa

©1030B13U00 2yl Aq pa3liodal se juawsBeuPm 91SEM JO 31S0D 3yl ST 3IS0D 1030BITUCD PIATIVIAd yx¥

*3800 A37[7°oBJ [B203 pUB B21E 1007 T€I0] JO SWIa] UT Passaidxa ST 32TS AITTIOEI aUL x¥

‘YOITP TEBIOT B [[TJ O3 Pasn 31am salsem asoym sieguey pyayjafe 10j 1dadxa ‘sased [[e uf [[TJpue] 3sod ® 03 payonil a1e S3ISBM aYl ¥

(ONV SOILSI¥ALOVIVHD FISVM dIT0S NOILITOWAA/NOILONYLSNOD

T
S 31809
10312e13U0)
¥¥¥PRATIDIDG € ¢ SNOBUPT[IISTH
ST 1s0) 08 St 1108
polewylsy [e3I0L STeT13IBR uoTTIT®
6 31s0) 1o0qe7] L Lo durdeyoeyq dwelj [a91s €18 S3T13IT1ro84 (s3tun 7)
9 31s0) Tearde) ot L 931910u0) 0°Z1 000°Y Z11's 0zZ¢€ PuE 33215u0) | S3i1dE (T A3Tunmwo) anyseuwiy (%)
0S 31s0) € 9*7 | snoaue[[adSTK
1030B13U0) L 9 1108
»¥xP2AT20194 [1)8 L B sde1dg 991§
ST 180D STTL % uwoIIIIm (s8urprIng £7)
Ipalemrisy [el10] o1 L s}o0y§ 139Yys uoy3IBAOUL 12218 UOTIBZTUISPOK
6 1s0) 10qeq ol 09 pooM pue saioe fursnoy syoeiieg
9 1s0) Tearden St L) 7 23910u0) 0°Tt 00T*s 00S ‘8¢ 08y 8uyrapoway 0°¢Z dooxy R3 (£)
St 1800
1032e11U0)
»xxPIATIDIIG 50 I SNOAUBRT[ADSTK
< L1 (. 1s0) 98 vt 1108 (satun
~ 23EWYISY [PIOL sTot 2 PooM (10013 puz) 9 ‘A103s om])
Kauosey r awe1j poom uoryyTw (bog) sidiaeny
ot 1507 10Qe] (] 1 23310u0) | pue (100713 8°18 2uisnoy $,3391330
L 1s0) rearde) §°Z Z 832105u0) (o A 5 0011 0ST‘8 0%t |381) @321du0) saide g°0| dooay Jotayoeg (7)
— S L I S e H —_— ¢ SRS
z € SNOBUB[[ADSTK \
1509 vz 0f 1108 {
[ 1 10308130079 8 7 sdei1dg 1291S |
»yxPIATADIAG z G sTeTia1ey {
(1 1800 durdeyoeg | (*222
paiPmIlsy [B10] 8 ot pooM { sAemuni ‘juaw
Aauosey | Pwely uoyTIIW sarly ~aaed ‘sae3uey
2 ot 3150) 10qe| - - 83810U0) | [321s pue $° 95| ~11°®3 1® om)) sae3uey
z 31s0) Teirden 9¢ 0s 931220uU0) 09" 1 SLE (a4 0% m 231210u0) | sa1de 'y, -uorieaadg PTRTIATIY (1)
uor/ JusmaTq 1ydyam | sunjop sjuauodwo)y | (Keq/suoy) (suoy) ("spx na) | (sKeq) | °dAy ¥¥221S SSETD
180) b4 X ERE:TY aley ‘uagn 1y8rapm aWn[op UOrIEING | UOTIINIISUO) A3g110®g 43111083 $231§
¥ 1uduaBeuey Sa3S5eM PI[0S JO uotaysodwo) sajijiuend 2isem pIlos ‘1&1‘ siajaweleg AIr]roey UOTIINIISLOY
2318BM JO $150) 10(ER

RAIONINTY ‘TIZEdWYD I¥Od IV SIS0D 1VS0dSIa

‘L 3TAVL



-
25
i
“_
J ' D s 4 ucxmuv
d L Poni
0 D =3 { 3 bo v Princert = EB
\ 3ise P M\onmb Caseq 3
! Taham £\ dion &"::(' o = ,.,,..,. Wi
\ Purn X (1 \ T.M ?’ lo
o ML A Posiviite \ 5 y
Uy 6 DY &3 £ n R | :fn:
: i R ; A > )
; . BN >
3 y ) G { 6 ),
IOMHUQ i 5 R 5 : \ )

Valie; SGien . v

Icunum ltl\' J ¥ Q ' - /\ "lﬂl'u

- Y - ; P =)0
$ o comsicA

" J/NII::.lloﬂ
hitne 0
i
| 4
!

FIGURE 4. LOCATION OF FORT HOOD, TEXAS

e TIN e D g

b N P AR e R e RS



SHLIS NOILONYLSNOD ONILSIXH A0
SNOILVOOT ONIMOHS (OOH I¥04 40 dVW °G JINOIA

-

2j08 viow

26

38011!A 3404

DHYHON
S B 7RG ,. \

3 I 9, et NG YR R )

A\ /, r/,
\zb:&N_zmmoOs_ Oom/.m S / B 3[N0HAT34Y
S R ™\ ewin/ B
/ / aposod w
N33TTIN IO ALID SuBaH 1ublimuiom T &
T 3A0_6qi101§0q m
mﬁ\ﬁ i |m IlQu w
ka\-l.l FEYTT) »..::E__ S :o.o:: M Dasy maN i
(660Q) TWHINID nmxoqmm,xm W3l A@moo:.mm\s TSHOVNEYE W3 |

\\
== ey )1S3M $SyOVEUVE W3 |
|v00) Lsv3 ummoéﬁn W3l ? - .Tﬁ, R Yl

SOVAIGH 8 NVONVH OL THIONVT 0L

PO M s -

"

AL AR

¢ T g




*SMaYAIIIUT

93115 Sulinp paysjulinj} EIEP U0 paseq SIaYOIeasal a[[231eF Yl AQ pIIBWIISA 1500 Y] WOIJ IUIIIJIIP S} 3IS0D

STyl ‘sased

13zopTInq B £q paidedwod aie saisem ayl

isow uj

*1030B13U00 3yl £q paliodal se JuswsFPUBW IISEBM JO ISOD 3Yl ST 3S0D J0IDEBIIUOD PIATIDIag

*1030813000 3yl AQ pyed jou ST 150D woyiIdedwod ayy
‘dunp uado ue uj jo pasodsyp pue payonil S1e S$3ISEM UOTIFTOWIP PuUB UOTIINIISUOD 3yy

*3800 3109(0ad [BI03 pue EaIR PaiaA0d [BIOI JO Swial Uy passaidxa s} azys AIJ[TOEF IYL

(p)

*TTFIpuey ay3 uy

)
Q)

risod Away 2yl 3e a[qe[TEAE S] [€SOdS]p 10J pu®| 3yl IOUTS PIA[OAU] ISOD pUE] Ou S 2IAYl (B)

27

218®M JO 5350) 10[wl

si3jamwawg AIJ110®4

1 8 SNOJUEBT[IDSTK
0°0T1 1800 Yt 0L Ylxeg 3 Ty0S
1032813000 STeTIa1eR
(p)P2ATR2134 T z Buylejoeg
S'ET 180D 4 ki PooM
Pajewylsy Te3IOL " € L CAS: |
8L 180) 10qeq € € Lauosey uoF3IONIISu0) uorIlT®w (s3yun
939210U0) A1uosey G 61% Zuysnoy 000T) Buysnoy
LS 1s0) rearde)y ST 01 2331d5u0) Y LOT ST 098°1T 0S¢ 83210U0) /DF1g S210® [T Aryues Aryeza (%)
9782 180D T T SNO3UBTT3ISTH
1030B13U0) z z yiieg 3 1108
(p) PRATRA134 STET123EBR
6°€T 1s0) S o1 Buy8mjoeyg
pajewiasy Telol 5 S PooM
Liuosey UuoTIONIISU0)H UoTITTI®
18 3s0) 1oqeq (8 oL 93310u0) Kiuosey 1°%$ S9TIFTTORY
8°¢ 31s0) T1earde) z 1 33210u0) G*9¢ 1781 009°T 0s 333310U0) SIJIIDdE ()¢ A3Tunmmo) Axessyumo) (g)
1 S SNOJUBTTIDSTR
380D 9 < Yaieyg ¥ 1708
)8 1032e13U0) sTeTIaley
Avvvo>uwuuum L ST Bupdeyoeq
9701 iso) € S pPooM
pajew1lsy Te30] €T ot SHoT1g uorTTTm
L1uosey uo0J3IdNIISU0) €928
€% 31s0) 10qeT] Z9 14 331310U0) L1uosey sa1d® Buysnoy
€y 1so) Tearde) 8 < 23212u0) (1184 8Z0°T1 0006 001 333210u0)/}d711¢ L°81 dooay syoeiieg Wi (7)
€ 77  SNOAUBT[3ISTH
31809 sTerialey
0°6z  103dBI3U0) 6 LT Buydeyoeg
(p)PeATR9a3d 8 48 pPooM
S°9T is0) == =2 sH21ag
palewylsy (€301 (32119
Buypnyour)
~ Kiuosey UOT3ION1ISU0) uoyrTTYR
“0°6 380) 10qe7] 0s €€ 21910%u0) Kiuosey 7°78 SeTaITIIORg (unyseumin)
0°9 3s0) Teapden 0ot 91 9331d5u0p 779 0sL'e 81L 2 (U3 ] 23310u0) s3IdE 4°T7  A3junmmo) SNOY PT21d (1)
uoyr/$ juawa Ty Jy8yem  aunjop s3juauodmoy (Leq/suoy) (suoyl) (*spx ‘n)) (sfeq) 2diXy q) 2278 SSe1)
3180) b4 4 ERELTY 238y ‘u3n  JyByam Jmnyop uoyIeINg UOFIONIISUOH IFTIoRS A3yryoey 21718
Jusmadeuey S2188M PITOS JO UOF1IFsodmo) sajitIuend aisey pyos s i )

(e)SVXAL ‘QOOH 1¥04 IV SILS0D TVSOdSIA ANV
SOILSTYELOVIVHD HISYM dITOS NOILITOWIA/NOILONYLISNOD

‘8 419Vl



demolition activities have been studied, both at Fort Hood. The summary ;
information has been developed based on raw data furnished by the site

managers during an on-site interview in August 1974.

i
Regulation of Open Dumping ;
7

Regulations have been established to control open dumping in Kentucky
and Texas. The construction and demolition solid wastes are generally
disposed of by open dumping at the Army post. As such, these regulations
are relevant to the Army construction/demolition activities.

The state of Kentucky requires a state permit in order to establish,
construct, operate, maintain, or use a solid waste disposal site or facility.
The permit is administered by the Department of Natural Resources and
Environmental Protection Agency under the revised statutes Chapter 224 of
the Kentucky Environmental Protection Law.

The Texas Industrial Solid Waste Order No. 71-0820-18, issued by the
State Water Quality Board, requires a state certification to own or operate
a disposal site for commercial purposes. As such, the Army posts do not
require this certification. However, current public hearings may alter this
situation.

Yet, the Army posts may not be required to obtain state permits in the
future. The U.S. Court of Appeals ruled on June 5, 1974, that the Cleaun
Air Act does not require Federal facilities to obtain state air pollution
control permits (Commonwealth of Kentucky vs. Ruckelshaus). However, the
U.S. Army facilities are compelled to comply with the substantive require-
ments of the state permit policy and implementation plan.

As such, it is essential that the Army take necessary measures to
ensure compliance of its open dumps with state standards. The preliminary
examination of the two Army post's open dumps showed that they are not
fully in compliance with the standards. During future investigation,

attention should be paid to the recovery of resources from these waste piles.

Analysis of Data

The data presented in Tables 7 and 8 are graphically plotted in order

to relate the volume of solid waste to the parameters of facility size like
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covered area and facility cost. Also, the cost of waste management is
related to the rate of waste generation. The relationships are shown in
Figures 6, 7, and 8. These relationships are based on limited data and
should be improved and refined further through additional data collection
and measurement work.

In Figure 6, there are no data points below 0.9 acres of floor area.
As such, the exact nature of the plot cannot be defined. However, two
possible extreme plots of solid waste volume for floor areas less than
0.9 acres are shown by dotted lines. Future research must attempt to define
the exact nature of the plot in this zone. Also, for floor areas greater
than 110 acres, the exact nature of the plot is not known; the dotted curve
is a mere extrapolation of the lower trend. Figure 6 also shows that the
volume of solid wastes for airfield and hangers is about 1/10 of other
vertical structures like barracks, family housing, etc. Figure 7 shows a
similar relationship between solid waste volume and cost of facility.

The cost estimates presented in Tables 7 and 8 and Figure 8 are based
on the following assumptions:

e The wastes are collected at least once a week from each construction
site. The estimated costs are therefore averaged over a week.

e The collection and pickup of small volumes of wastes (less than
40 TPD) are done manually, using labor, hand carts, and hoppers.

o The collection and pickup of wastes of larger volumes (greater than
40 TPD) are done mechanically, using front-end loaders and a truck.

e The labor cost is usually about $3 per person per hour.

e The wages paid to a truck driver are usually about $10 per person
per hour.

e The wages paid to a front-end loader driver are usually about $15
per person per hour.

e The rent of a truck is generally $10 per truck per hour. The volume
of a truck is generally 5 cubic yards.

e The hopper or a storage bin can usually be rented for $5 per hopper
per day.

e A front-end loader can be rented for $15 per loader per hour.

e A truck can usually transport wastes to the landfill about four

times a day. This assumes that the landfill is located about 5 miles from

the site. On both the Army posts, this distance is less than 5 miles.
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e The cost of maintaining a landfill is usually quite nominal, i.e.,
about $2 per ton. No precise data were furrnished by the post officials
on the cost of landfill operations.

e On an average, it takes about 15 minutes to load a 5-cubic-yard
truck using a small "Bob Cat'" front-end loader. A large loader takes
less time--about 8 to 10 minutes. Furthermore, it takes about 30 minutes
to pick up and gather 5 cubic yarc s of sparsely scattered solid wastes
from a construction/demolition site.

e The land for disposal is generally provided at no cost by the

Army.
Conclusions

The data collected and analyzed in this section represent a pioneering
effort to study the construction and demolition solid wastes at selected
Army posts. Useful observations regarding this study are summarized below:

e In the absence of better data, the information presented in
Figures 6, 7, and 8 may be used to generally indicate waste volumes and
management costs.

e The waste composition data for various facilities are shown in
Tables 7 and 8, which may be used for purposes of planning and prediction.

e Further investigation and measurement of solid waste volumes are
needed to establish reliable solid waste generation rates.

e Further data collection and analysis may be devoted to the develop-
ment of staﬁistical formulas that relate waste generation rate and manage-
ment costs to potential facility variables.

e Investigation of selected Army post open dumps should be made to

ensure compliance with state standards and recovery of wastes.
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CHAPTER III. ASSESSMENT OF WASTE MANAGEMENT ALTERNATIVES

Many different categories of wastes are generated by various construction

operations (See Table 9). Basically, there are three major types of disposal ‘;

alternatives for construction and demolition wastes: (1) waste-to-landfill
alternatives, (2) incineration, and (3) resource recovery. Specific disposal
alternatives, identified during this research program, are summarized in
Table 10.

In addition, the assessment methodology and details of specific alterna-

tives are described in the following subsections.

Methodology

The basic assessment methodology for each disposal alternative involves
development of a brief profile on the technical and economic aspects of a
given process. The technical aspect describes the basic process, equipment,
and operational characteristics of each disposal alternative. The economic
aspect documents, in some detail, the various capital and operating costs i
involved in using these alternatives. Other relevant factors to be considered

in the selection of disposal alternatives are discussed briefly in the sub-

iy gt =

sections on "Advantages and Disadvantages.'

The profiles on each disposal alternative are presented in the following

e

sections.

e Sl s il A A0 L

Waste-To-Landfill Alternative

Waste to landfill is a major disposal alternative for construction
and demolition wastes. This study of selected Army posts shows that it
is the most common disposal alternative. There are two major types of
landfill that are utilized for the disposal of construction/demolition

solid wastes. These are separate open dumps and sanitary landfills.

Separate Open Dumps

Separate open dumps are extensively used for the disposal of con-

struction and demolition wastes. About 13 percent of the construction

T e SRy



I A &

—

35

TABLE 9. CONSTRUCTION WASTE CATEGORIES

Waste Categories

Operation Sub-Operation Wood Veg. Paper Metal Concrete Masonry Bitumen Rock Soil Other
Site Assessment X X X
And Explora-
tion
Site Survey X X X X
and Layout
Site Access Land X X X X X
Water X X X X Rubber
Air X X
Site Support Asphalt Plant X X Sediment
Facilities Cutback
Quarrying X Sediment
Aggregate X Sediment
Production Dust
Concrete X X X X X Sediment
Production Dust
Cement
Fiberglass
Foundry and X X X
Metal Shop
Carpentry X X X
Shop
Service and X X Glass
Maintenance Plastic
Cloth
Quality X X X X X X X X
Control
Laboratory
Sawmill X X X Plastic
Nylon
Twine
Personnel X X X Glass
Support Plastic
Facilities Garbage
Cloth
Sewage and Sediment
Runof
Disposal
Facilities
Site Clearing Vegetation X
Removal
Existing X X X X X X
Structure
Removal
Fencing X X X
Site Excavation Earthmoving X p 4
and Grading Surface X X X X X X Plastic
Runof f Jute
Control Sediment

o

I MG A WG
.

ISP
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(Continued)

Operation

Sub~Operation

Waste Categories

Metal Concrete Masonry Bitumen Rock Soil Other

Groundwater
Control

X X X X X Grout
Sediment
Plastic

Structures
Fabrication

Building
Materials

Roads
Railroads
Bridges

Tunnels

Dam

Waterways

Bufldings

p. 4 X X Burlap

X X X X X Glass
X X ) X Glass

X X X Dust
Sediment
Twine
Plastic
Styrofoam

X X X X X X Dust
Twine
Plastic
Styrofoam
Sediment

X X X X X Dust
Sediment
Grout
Glass
Twine
Styrofoam
Plastic

X X X X X Glass
Twine
Plastic
Styrofoam

X X X X X X Glass
Plastic
Rubber
Caulking
Porcelain
Glass wool
Fiberglass

Asbestos

Carpet

Twine
Styrofoam

Landscaping

X X X X X Burlap
Glass
Twine
Plastic

General

X Rubber
Glass
Plastic
Styrofoam

Source: Prylon & Schanche, 1973.
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and demolition wastes consist of wood and related products that are com-
bustible. As such, operation of separate dumps is generally accompanied
by continuous or periodic burning.
Open dumps usually require small capital and operating costs. The
cost of dumping is expressed as
DC = LC + OC
where
DC is the cost of dumping ($/ton)
LC is the land cost ($/ton)
OC is the operating cost.
The land required for open dumping is usually more than that required
for sanitary landfills. The waste is generally compacted before being
sent to a sanitary landfill. For an average mixed construction waste, the

land cost is determined by the following formula:

e L G
EC = 0.31 % D X 1200

where
D is the average depth of fill in feet
L is the cost of land in $/acre.
The land cost is about 31 cents per ton when land is purchased for $1200

per acre and the average depth of fill is 6 feet.

The operating cost consists of equipment, power, and labor costs. The
equipment cost generally varies with the type of equipment used. The various
types of equipment and their capabilities in landfill operations are summar-
ized in Figure 9. Also, Table 11 shows the variations in the capital cost
of this equipment. The power and labor costs for this equipment may also

vary.

The operating cost generally ranges between 10 to 50 cents per ton
(Staff of Research and Education Association, 1973). For the highest cost
combination of equipment, labor, and power costs, the operating cost can be
about 25 cents per ton. On the other hand, the cheapest combination of
these factors results in the lowest operating cost. However, thr average
operating cost of a separate open dump is about 15 cents per ton. This is

a small fraction of the total cost of collection and disposal estimated for §;

the Army posts.
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TABLE 11. SANITARY LANDFILL EQUIPMENT PRICES (OCTOBER 1974)

Operating Blade Approximate
Type ) Weight Storage Volume Size Price
(1bs) (cu yds) (feet-inches) (Dollars)
Track/Crawler Loader 12,400 0.75 - 1.25 18,000
: 16,700 1.50 - 1.75 25,600
. 18,000 1.25 - 1.75 28,000
27,000 2.00 37,000
t 33,000 2925 47,000
50,000 3,25 72,000
52,000 3.00 60,000
Track/Crawler Dozer 11,000 6's" 16,300
14,500 7'6" 24,000
16,000 8' 26,000
30,000 9'10" 62,000
45,000 11! 78,000
48,000 19" 70,000
69,000 13' 116,000
70,000 3257 98,000
92,000 14'6" 165,000
140,000 17' or 20' 230,000
Wheel/Rubber-Tired 20,000 2.00 36,000
3 Loader 22,000 2.50 37,000
26,000 3.00 47,000
37,000 4.00 70,000
37,000 3.00 70,000 :
f 41,000 4.50 80,000 ;‘
51,000 5.00 86,000 !
3 Wheel/Rubber-Tired 40,000 . 14 65,000 i
‘ Dozer 66,000 14' 112,000 g |
80,000 150,000 !
' 144,000 190,000 !
t Compactor 30,000 4.50 58,000 f }
. Scraper 34,350 9.00 54,000
30,000 11.00 64,000
46,500 15.00 85,000
E 51,100 15.00 - 21.00 - 110,000
% 90,000 24,00 - 33.00 185,000
Draglines 35,000 0?5 = 1425 63.700
52,000 1,00 = 1,75 77,600
67,000 1.25 85,000
97,000 2.50 130,000
250,000 5.00 255,000 y
.
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Advantages and Disadvantages. The advantage of a separate open dump

is that it is the cheapest disposal alternative for small volumes of solid
wastes. Also, since the construction wastes contain little or no toxic
leachates, open dumping is safe from the standpoint of groundwater pollution.

However, the disadvantages of an open dump are many. Some of these
are:

(1) Requires substantial land

(2) May cause serious fire hazard

(3) May cause health hazard

(4) May be unsightly

(5) May cause mal-odors

(6) May affect neighboring property values

(7) May cause serious air pollution problems

Generally, the disadvantages of an open dump greatly outweigh the advantages.

Hence, they are not usually recommended.

Sanitary Landfills

Improvements over open dumping have resulted in two basic types of

landfilling. These are:

(1) Sanitary landfills

(2) Modified sanitary landfills
Sanitary landfills place earth covering over solid wastes on a daily basis.
On the other hand, the modified sanitary landfills apply carth covering on
solid wastes only occasionally.

The construction and operation of the various types of sanitary land-
fills have been discussed in detail in the following texts:

(1) Staff of Research and Education Association, "Pollution Control
Technology," 1973, pp 492-501.

(2) Charles Vigh, "Sanitary Landfill Location and Design," 1973.

(3) Brunner, D. R., and D, J. Keller, "Sanitary Landfill Design
and Operation,'" U.S. Environmental Protection Agency, 1972.

According to the Environmental Protection Agency (1974), the following
factors should be taken into account in selecting the location of landfills:

(1) Public opposition

(2) Proximity to major highway routes
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(3) Local and state speed limits
(4) Load limitations on public highways
(5) Bridge capacities
i (6) Underpass limitations
(7) Number of stop lights and major intersections encountered
(8) Railway gates and intersections
(9) Haul distance '(in hours)
{ (10) Local traffic pattern and congestion
(11) Detours, existing and proposed
(12) Large valleys, rivers, or other physical obstacles separating
the landfill from major sources of waste
(13) Special events (like fairs, ball games, seasonal events, etc.)
(14) Recurring natural events (like annual flooding, excessive snow-
fall, drifting, mud slides, etc.)
The cost of sanitary landfills depends on the following factors:
(1) Land Cost + (LC)
(2) Planning and Design Costs (PDC)

1 - Solid waste Ssurvey

Site investigation
- Design, plans, specifications, etc.

1 - Permit application
. (3) Site Development Costs (SDC)
f: - Land development (clearing, landscaping, drainage, etc.)
b —- Access roads
: - Fencing and signs

- Grading

- Watermains

- Protection from groundwater pollution
(4) Facilities Cost (FC)

- Office

- Equipment maintenance sheds

- Personnel facilities

- Utilities

- Scale house

- Weight scales

- Yard lighting

R L L S pp——— v P S AN, Qe P s g - AR —————— Ty e e o TSEE e N ————
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- Apron pavement
- Repair equipment
(5) Equipment Costs (EC)

Bulldozers

Scrapers

Graders

- Trucks
- Tractor/mower
(6) Operating Cost (0OC)
- Personnel
- Planning and design
- Facilities maintenance
- Equipment operating expenses
- Equipment maintenance and repair
- Equipment rental, depreciations, or amortization
- Cover material cost
- Insurance
- Administration and overhead
The total cost of sanitary landfills (SLC) is expressed by the

following formula:

SLC = C + OC
where
C is the Capital Cost in dollars/year
OC is the Operating Cost in dollars/year.

The capital cost (C) is given by:

C = LC + PBC + SDE€ + FC + EC

The capital is generally recoverable or repayable at 10 percent interest
over 20 years. The corresponding annual amortization factor (AF) is about
0.1594. An additional 40 percent debt service reserve (DSR) may be charged
to ensure that the revenues are higher than the theoretical debt service

payments. A formula that converts capital cost in terms of dollars per ton

(CT) is expressed as follows:
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CT = €C x AF x DSR - 0,23
S S

where

AF is 0.1594

DSR is 1.4

CT is Capital Cost in dollars/ton

S is the volume of solid wastes in tons/year
Representative cost data for predicting capital and operating costs

of sanitary landfills are shown in Table 12. The capital and operating
costs are broken up into four major components to assist planners in
allocating funds for effective management of landfill projects. The cost
data for small (Site 1), moderate (Sites 2 and 3), and large (Site 4) size
landfills are presented in Table 12. The Site 3 landfill is more expensive
compared to Site 2, since Site 3 involves an expensive system for groundwater

pollution control.
Incineration

Modern incineration consists of controlled burning of solid waste in
a closed chamber at a high temperature. The wastes are batch fed or contin-
uously fed into the agitating grates leading to a primary combustion chamber.
The burned exhaust gas and fly ash are released to a secondary combustion
chamber to be burned at a temperature of 1500 to 1800° F. The burned gas
is then passed through a settling chamber, a gas-cleaning device, and an

exhaust stack. s
Process

There are two basic types of incinerators generally in use today:

(1) Refractory-walled incinerator

(2) Water-walled incinerator
A refractory-walled incinerator consists of a combustion chamber lined with
refractory walls and ceilings. The lining restricts the rate at which the
material can be burned since it is dependent on the rate at which heat can

be safely removed without causing damage to the incinerator. The desired

cooling can be achieved by a high throughput of air that results in increased
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particulate pollution and requires more expensive air pollution control
equipment. Due to these deficiencies, the refractory-lined incinerators
have become totally obsolete.

The water-walled incinerator consists of a furnace whose walls are
made of vertically arranged metal tubes connected side by side with metal
fins. The boiler packages are located in the back passages of the
incinerator to convert heat into steam. The volume of gas entering the
air pollution control equipment in this case is about 25 percent of that
for a refractory-lined unit. These incinerators require high-energy-drop
scrubbers or electrostatic precipitators for air pollution control. The
Ckicago Northwest Incinerator tests have shown that these incinerators can
meet the Federal particulate standard which is 0.08 grains per standard
cubic foot. A suitable incinerator has the following key elements:

(1) A combustion chamber

(2) Metal grate
(3) Air blower
(4) Receiving and storage area for solid waste
(5) Firing system
(6) Fans and blowers
(7) Air pollution control system
(8) Exhaust stack
(9) Non-combustible ash-handling system
(10) Wastewater treatment process
A properly designed incinerator can reduce the volume of waste to as
much as 10 to 30 percent of its original volume. The burned residue and ]
non-combustibles are sent to a landfill or are separated by mechanical or |

magnetic devices for recovery of useful metals and other by-products.

The cost of incineration is based on data from several plants built 3
between 1972 and 1973. The capital cost of water-walled units varies from .
$12,000 to $15,000 per ton of installed capacity. Operating cost data for

water-walled incinerators are scarce. However, the figures appear to be

comparable to refractory-lined incinerators. The operating cost of incin-

erators depends on the size of unit and the percent of capacity being used.

AT
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A 910 kgm per day typical conventional refuse incinerator in Chicago costs

$6.60 per ton. A 1000 TPD incinerator in New York costs about $4.80 per
ton. A new water-walled incinerator of similar capacity costs $2.40 per
ton. The Washington, DC, incinerator has an average cost of about $3 per

ton.
Comments

Pyrolysis is thermal degradation of organic substances in an oxygen-
deficient atmosphere. The concept is currently under development by nearly
12 different private and public organizations in the UnitedVStates. The
available pyrolysis systems are: the Garret System, the Union Carbide
System, the Torrax System, the Monsanto System, the LandGard System, the
Battelle Gasification System, etc.

Construction wastes do not contain a high concentration of organic
substances; as such, the pyrolysis systems may not apply to these wastes.
The capital cost of pyrolysis systems varies between $10,000 and $18,000
per ton of daily capacity. The operating costs are expected to be in the
range of $9.50 to $13.50 per ton. The revenues received from the sale of

products may reduce the operating costs to as much as $8.50 per ton.

Advantages and Disadvantages

Generally, construction and demolition wastes are not incinerated,
since they have a low content of combustibles. However, when a large number
of trees are cut at a construction site, they may be disposed of by burning.
At most Army posts, there are many small and medium~sized incinerators and
numerous coal- and oil-fired boilers. It is, therefore, desirable to con-
sider incineration of wood and other combustible wastes from construction
sites in the coal-fired incinerators or boilers to recover energy from

solid wastes. 1Tt is important to combine the elements of "separation'" and

"salvage" into a complete recycling system as an alternative to many expen-

sive on-site incineration processes.
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Production of Thixite* Panels

A new process has been developed to produce Thixite panels from waste
concrete, bricks, and glass. This process avoids the problem of contaminated
glass which has made glass recovery somewhat impractical (Campbell and Shutt,
1973). For areas with no nearby glass plants, it is uneconomical to salvage
glass by hauling long distances for recycling.

Recent developments have made the recovery of glass, concrete, and
bricks from demolition wastes potentially feasible (Midwest Research
Institute, 1974). This is in contrast with the past research and develop-
ment work which focused on the use of reclaimed glass, concrete, and bricks
for highway paving. The Colorado School of Mines has developed a '"vibro-
cast construction material," called Thixite, which is 94 percent solid
waste. The Thixite Corporation in Lakewood, Colorado, manufactures and
markets this product.

Although Thixite was originally developed as a means of using waste
glass, it utilizes other solid wastes generated by demolition projects.
Bricks, concrete, stones, slags, and other siliceous materials together
with waste glass are used to produce Thixite.

The Thixite may be used for a variety of purposes. These include panel
flooring, wall paneling, paneling window sills, and paving of parking lots,

patios, and fences.

Process

Thixite manufacturing plants use common equipment and processes of
the ceramic industry. The raw materials are crushed, ground, and sorted
into fractions of different particle sizes. The fractions are combined
in appropriate proportions with a small amount of water, vibrocast into the
desired size and shape, and fired at relatively low temperatures. The
mixture contains a minimum of 13 percent finely ground glass (which acts

as a binder), 6 percent clay, and the remaining 81 percent may be crushed

concrete or bricks.

* Registered trademark of Thixon Corporation.
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The nature of the used waste largely determines the surface texture
and appearance of Thixite. Ceramic dyes can be added to produce a variety
of colors. Finished pieces can be sandblasted to various depths, smoothed,
and polished.

Depending on the amount of glass and the nature of the non-glass, the
properties of the finished Thixite may vary slightly. The samples tested
so far show that the compressive strength and water absorption character-

istics are better when high strength concrete waste is used.

Economics

The estimated costs of producing Thixite are based on limited data.
The costs are presented in terms of capital and operating costs for an
annual production of 242,000 panels. The capital costs are shown in
Table 13 and operating costs in Table 14. The overall economics of build-
ing panel production are shown in Table 15, which shows a net annual profit
margin of 17 percent.

Production costs, however, vary with the region -and the level of
production. The regional variations in the unit operating costs are
shown in Table 16. The variation in the operating cost with the level

of production is shown in Figure 10.

Advantages and Disadvantages

There are two major advantages of producing Thixite. TFirst, Thixite
provides a means of utilizing much of the solid wastes generated by demoli-
tion projects. Not only does it utilize waste glass, but also other wastes
like concrete, bricks, rubble, etc. Second, since the process utilizes
many different types of solid waste, separation and cleaning of solid wastes
are not needed for recovery.

At present, the production of Thixite has been confined to Denver,
Colorado. Plans exist to expand the system to several metropolitan areas.
Until this is done, it will not be economical to transport solid waste over
long distances to Thixite plants. Furthermore, a sufficient supply of solid

waste should be available within a small area to supply a plant. A market

9 it g
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TABLE 13. ESTIMATED CAPITAL REQUIREMENTS FOR THIXITE PROCESS
(ANNUAL PRODUCTION - 242,000 PANELS)

Amortized Investment

Engineering, Research, and Development

Startup
TOTAL AMORTIZED INVESTMENT
Fixed Investment
Structures and Improvements
Machinery and Equipment
Production
All Other
Total Machinery and Equipment
TOTAL FIXED INVESTMENT
Recoverable Investment
Land
Working Capital
TOTAL RECOVERABLE INVESTMENT
TOTAL CAPITAL REQUIREMENT

$ 350,000

1,000,000

600,000

1,450,000

__900,000
2,350,000

200,000
1,500,000

$1,350,000

2,950,000

1,700,000
$6,000,000

Source: Midwest Research Institute, 1974.
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E
TABLE 14. ESTIMATED OPERATING COSTS FOR THIXITE PROCESS
(ANNUAL PRODUCTION - 242,000 PANELS)

—_—
=

Direct Production Costs

i Labor : $3,750,000
E . Materials : 804,000
F i Variable Overheads 1,250,000
5 TOTAL DIRECT COST $5,804,000
| Indirect Costs
: Fixed and General Overhead 1,200,000
? Capital Charges 975,000
TOTAL INDIRECT COSTS 2,175,000
| TOTAL MANUFACTURING COST $7,979,000
FREE S00%S Per Panel Per Sq Ft
Direct Production Cost $24.00 $0.600
Indirect Cost 9.00 0.225
TOTAL UNIT COST $33.00 $0.825

Source: Midwest Research Institute, 1974.
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TABLE 15. THE ECONOMICS OF BUILDING PANEL PRODUCT1ON
(ANNUAL PRODUCTION - 242,000 PANELS)

Net Sales Receipts (at $1.25 per square foot) $12,100,000

. Total Manufacturing Cost 7,979,000

'F : Net Profit Before Taxes 4,121,000

Less Income Taxes 2,060,000

| Net Profit After Taxes 2,061,000

| Total Capital Requirement 6,000,000
Profit Margin (profit/sales) 17.0%

f Capital Turnover Rate (sales/capital) 2.02 times
Return on Total Capital (profit/capital) 34.3%

Source: Midwest Research Institute, 1974.
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TABLE 16. REGIONAL VARIATIONS IN UNIT OPERATING COSTS

Cost Per Cost Per

Panel Sq. Ft.
Region ($) ($)

New England 30.60 0.765
Middle Atlantic 33.21 0.831
East North Central 35.60 0.890
West North Central 32.38 0.810
South Atlantic 30.93 0.774
East South Central 29.65 0.742
West South Central 30.73 0.768
Mountain 33.45 0.837
Pacific 36.27 0.907
Average U.S.A. 32.54 0.814

Source: Midwest Research Institute, 1974,
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for finished product is also needed in close vicinity. In addition, a

relatively large initial investment ($6 million) is required to begin
production.

| Recently, a Thixite plant in Lakewood, Colorado, was closed for some
unknown reason. The data on plant operation should be studied in the

future to determine potential problems and pitfalls of this process.

Comments

The Thixon Corporation in Denver, Colorado, has recently started a
new venture with a San Francisco brick manufacturing firm to produce
2 feet x 2 feet x 1 inch tiles made of waste bricks, porcelain, china
clay waste, industrial slags, fly ash, mine tailings, and waste glass.
Concrete wastes are not preferred as aggregates due to the lack of hardness.
However, concrete may be used as fine fill material in this process. The
waste material used should have the following properties:

(1) It should not melt at or below 1500°F.

(2) It should not produce any gas when processed.

(3) The material should be non-reactive.

; The process requires a total investment of $10,000 by a brick manufacturer.

| The cost of tiles produced is about 45 cents per square foot. The selling
price is generally about $2 per square foot. The Thixon Corporation is also

working with an Albuquerque, New Mexico, firm for commercial implementation

SR il X #

of the process.

Appendix C provides additional information on the Thixite tile produc-

tion process.

Waste-to-Bricks Process--Tekbricks

The Tekology Corporation (Palisades Park, New Jersey), a subsidiary of
Certain-teed Products Corporation, has developed a process that converts

inorganic solid wastes into low-cost high-standard home-building bricks

(Anon., 1972). The technology has been patented and is available for
license to firms interested in disposing of solid waste with reasonable
profit.
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Process

The basic waste-to-brick manufacturing process involves the following
steps:

(1) Separate inorganic waste materials obtained from construction/
demolition activities.

(2) Pulverize them into aggregates of less than 3/8 inch.

(3) Dry mix waste aggregates with Portland cement (usually 90-96
percent of the mix is waste aggregates depending on grain size).

(4) Add water and a proprietary chemical epoxy binder.

(5) Loosely pack the moist mixture in a high-pressure mold and
subject it to a pressure of 6000 psi, which causes a binding chemical
reaction.

(6) Discharge the formed bricks, stack them on pallets, and '"cure"
(dry) for a minimum period of 24 hours.

The composition of the input waste materials should meet the specifi-
cations summarized in Table 17. The concrete and vitrified clay waste
from construction and demolition sites can be pulverized to meet these
requirements. The potential manufacturers of these grinders are listed
in Table 18. The resulting bricks withstand about 3000 psi compression

and have an ultimate strength of over 5000 psi.
Economics

According to John Belt, the J.icensing Officer of the Certain-teed
Products Corporation, Valley Forge, Pennsylvania, the economics of Tekbrick
process are extremely encouraging. The cost data for a 25-million-bricks-
a-year plant are shown in Table 19. The capital cost for different capacity

plants may be estimated on the basis of data shown in Figure 11.

Recommendations

It is recommended that the Army undertake the following measures to
investigate the use of these bricks:
(1) Undertake a systematic testing program to evaluate the claims

of Tekology Corporation.
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TABLE 17. WASTE SPECIFICATIONS
FOR TEKBRICK PLANTS

Particle Size <3/8 inch

Fineness Modulus 2.6

Organic Material <3 percent

Percent
Sieve Number Retained

4 4.8

8 11.8

16 15.8

30 19.0

50 17.1

100 14.0

Pan 175
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TABLE 18. MANUFACTURERS OF GRINDERS, CUTTERS,
CRUSHERS, MILLS, PULVERIZERS, AND
SHREDDERS

Industrial and Municipal

Allis-Chalmers

Alpine American Corporation
Beloit Corporation
Beloit-Passavant Corporation
Denver Equipment Division
Dresser Ilndustries, Inc.

Eidal International Corporation
Entoleter, Inc.

Fuller Company

GEOS Corporation

The Heil Company

The Hobart Manufacturing Company
Jeffrey Manufacturing Company
Joy Manufacturing Company
Koppers Company, Inc.

The Perolin Company, Inc.

Perry Products Company

Williams Patent Crusher & Pulverizer Company
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TABLE 19. ECONOMICS OF TEKBRICK PROCESS

Production Rate 25 million/year
(minimum)
Weight of a brick 8 pounds
Intake of wastes 43 TPH
350 TPD
Capital Cost (a)
Tekbrick Process 2 $ 1.2 million
Pulverizer $ 0.7 million
Total $ 1.9 million

Operating Cost(b)
Tekbrick Process

In $/1000 bricks $35
In $/ton wgste $10
Pulverizer(¢
In $/ton waste $3
Total(d)
In $/ton waste $13
Revenues
Total Sales in $/Ton Waste $18
Total Revenues in $/Ton waste $15
Net Profit
In $/Ton Waste $ 2
Percent Profit $15

(a) The capital cost of Tekbrick Process includes hoppers, chemical tank,
scale, mixers, mold, hydraulic press, and stacking space. The pul-
verizer is included in the package. The costs are based on data
from a recently constructed plant in Atlanta, Georgia, designed with
complete automation.
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