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PREFACE

This report was adapted for Air Force implementation
from a report originally prepared by Ralph Stone and Company
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Laboratory , Kirtland Air Force Base, New Mexico. Responsi-
bility was later transferred to the Air Force Civil Engineer-
ing Center , Tyridall Air Force Base, Florida, upon transfer
of enviroriics activities to that facility from Kirtland Air
Force Base. The original research was performed under Job
Order 21036WQ9.

This report has been reviewed by the Information Office
(01) and is releasable to the National Technical Information
Service (NTIS). At NTIS it will be available to the general
public , including foreign nations.
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for publication.
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SECTION I

INTRODUCTION

In response to the need to “c~o more wi th less ,” the
management method described herein has been developed to
augment AFM 91-li and assist the base civil eng ineer and
associated staff in maintaining/upgrading the solid waste
management services. Such upgrading is often required as
evidenced by the fact that during case studies of this
methodology ’s application , it was observed that Air Force
bases were generally paying more for waste handling on a per
ton and per collection basis than comparable municipal and
commercial systems in the same localities. Improved methods
(as described in this report) may help to substantially
lower costs while maintaining (or improving) the level of
serv ice.

The following sections provide step-by-step guidance
for evaluating a base in an organized manner that will
produce basic information for optimizing the installation ’s
solid waste handling system. The method is applicable in
its entirety to bases of over 1,000 population (residents
and/or workers). Only selected portions of the method will
be applicable to bases smaller than 1,000 since they are
unlikely to generate sufficient solid waste to justify large-
scale equipment or a large planning and management staff.
Small bases may best contract for collection with a private
contractor in an adjacent municipality or use smaller equip-
ment and staff.

The method (based on extensive research and experience)
was tested for validity by apply ing it to four Air Force
bases. Based on these applications , appropriate changes
were made to account for the specific characteristics of the
Air Force environment.

Table 1 summarizes base activities to be evaluated in
the optimization. The entries under “data requirements” are
the basic measurements and observations required to imp lement
the optimization method on a specific base. The amount of
data required for any specific case will depend on the
climate and the base ’s size , mission , and types of facilities.
The analytical methods developed are described step—by-step .
Applying the methodology requires a working knowledge of
solid waste management practices , time and motion studies ,
and industrial engineering.
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TABLE 1. AI R FORCE BASE EVALUATION SUMMARY
FOR OPTIMIZATION OF SOLID WASTE HANDLIN G ACTIVITIE S:

STATISTICAL SOLID WASTE WEI GHT , VOLUt€, TIt~~, AND COST DATA

Activity Data Requirements Practices to be Optimized

Generation Weight by facility Minimize quantities of wastes
Volume by facility Maximize quality of salvageable wastes
(Listed by signif icant Optimize types of material wasted
components) Optimize location of sources

On-site Weight by area of facility Eliminate vector generation
Gathering Volume by area of facility Optimize service level

(Listed by significant Optimize equipment used
components) Minimize labor cost

Costs

Storage Weight by container Optimize locations
Volume by container For each location, optimize container
Con :ainers ’ location ,type, types, sizes, collection frequency ,

size , and fea tures and features
Costs Investigate use of concrete slabs,
Container rel iability signs , pavement lines, etc.

Use uniform container colors , and
signs

Collection Equipment characteristics Optimize : types of collection ,
Collection methods collection frequencies , routes,
Motion-time measurements equipment characteristics , crew
Huma n factors size , collection method , n umber
Rou tes of vehicles
Weigh t collected Maximize safety of vehi cle maneuvers
Volume collected Maximize driver visibility vehicle
Stops collected visibility to others, use of flashing
Costs (especially main— lights and reverse horns or bells

tenance) Inspect: overhead clearances , side
Equ ipment reliability clearances , electric and gas lines
Absen teeism and equipment , pedestrian and

vehicle t r a f f i c, playgrounds along
collection routes , especially at
collection points

Disposal Weight into site Control entry into landfi l l
Volume into site Control entry of hazardous and
(Listed by significant toxic wastes
components) Optimize service of arriving vehiclesa

5
becide: layout, hours of operation , method of work ing the
f i l l , access road main tenance .
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TABLE I (Cent.). AI}~ FO~(’E BA~-~E EVALUATION SUMMARY
FOR OPTIMIZATICX. OF SOLID WASTE HANDLING ACTIVITIES:

STATIS’lICAL SOLID WASTE WEIGhT, VOLUME , TIME , AND COST DATA

Activity Data Requi rements Practices to be Optimized

Disposal Di~~tribution of arrivals Minimize leachate production
(Cont.) during a day Minimize vector generation

Site geology Optimize compaction and covering
Site hydrology equipment and activities
Leachate production and Min imize litter

migration at site Minimize dust
Vector generation Inspect: odor problems, vector
Air pollution as dust and interactions , and neighborhood
odors children interactions between the

Litte r generation landfill and neighborhood
Volume of fill
Volume of available cover

soil
Seasonal wind direction

and speed
Neighboring activities
Motion—time measurements
Costs

Processing Weight into processors Optimize use of processing, types
Volume into processors of processing, and locations
(Listed by significant of processors

components) Optimize site layouts , processing
Distribution of arrivals activities, equipment, labor,

dur ing  a day hours of operation
Motion-time measurements
Equipment reliability
Equipment availability
Human factors
Costs

Recycling Facilities generating Minimize cost, balancing handling
salvageabi~ waste cost with quantity of waste to

Quantities of salvageablr~ recycle
waste generated

Advantages of processing
waste

Salvage val ue of was tes
Location of recycle rs
Cost trade—offs between

alternative ways of
del iver ing scrap

Available transportation
Equipment

3



TABLE 1 (Concluded) . AIR FORCE BASE EVALUATION SUMMARY
FOR OPTIMIZATION OF SOLID WASTE HANDLIN G ACTIVITIES :

STATISTICAL SOLID WASTE WEIGHT , VOLUME , TIME , AND COST DATA

Activity Data Requirements Practices to be Optimized

Management Maintenance cost of Maximize vehicle reliability
equipment Minimize absenteeism

Reliability of equipment Maximize productivity
Incentives Maximize incentives
Absenteeism Keep complete cost records
Productivity : $/stop, Optimize use of records on

$/ton, mm /stop productivity : weights of waste,
Record keeping: cost time performance

records , weight of Record overflowing containers and
waste records user 

complaints4



SECTION II

STEP ONE: DEFINE SOLID WA STE MANAGEMENT PRACTICES

The first optimiza tion phase is to define existing
solid waste characteristics by source . Data required (see
Tabl e 1) consist of wei ght , volume , composi tion , and time
for solid waste collection by source .

IDE NTI FY STORAGE CONTAINERS

Storage con ta ine r  locations should be plotted on a base
map showing s t ree ts  and bu ild ings .  This container mapping
is necessary onl y for  bins , not for  r e s iden t i a l  housing
us ing  can s or bags .  But  the location , size , and n umber of
cans should be noted . Con t a ine r  location , size , and pick up
schedule are used to evaluate  and optimize collection routes .
A conta iner  l is t  should be developed as in Table 2.  Collec-
tors can f i ll  in b u i l d i n g  location and the i r  supervisors can
complete the form . Locations are i den t i f i ed  by building
name and number .  Container  condi t ion r e fe r s  to the cleanli-
ness , condition of paint , and serviceability of frame, lids ,
and doors. These data are used to assess the need for
maintenance and replacement. Extra containers on reserve
should be inc luded .  Also , if the scope of waste management
covers l iquid and sludge wastes , include those as well as
underground storage of waste f u e l.

LOCATE DISPOSAL SITES

Locate all existing or proposed disposal sites that can
be used for  Ai r  Force base wastes and mark them on the same
base map . Determine the types of wastes permit ted for
disposal and the distance from base facilities or the nearest
base ga te if  located o f f  base. Determine the l i fe  of the
facility, projected costs or fees , and hours of operation.
For disposal sites on base, use the landfill evaluation form
illustrated in Table A-i (Appendix A) to determine the
acceptability of the landfill site.

LOCATE WASTE PROCESSING SITE S

Locate (on the same maps and tabulations as previousiy)
all existing or proposed waste processing sites both on base
arid in the immediate area . Include garbage disposals,
compactors , balers , inc inerators , shredders , pulpers , and

5
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any o the r s .  Record d~tt~ on the type of process , type of
waste  processed and i t s  compos i t i on , capac i ty  ( tons per
hour) , hc :rs of operation , any user waiting time , and costs
or fees.

LOCATE SCALES

I d e n t i f y the location and capacity of any truck scales
on-base or nearby, and of any equipment on-base which has a
weighing capability (forklift , crane scale , axle scale ,
etc.) Determine the fee (if any) or cost.

COLLECTION METHODS

Determine the collection methods used for the different
types of containers, the existing routes , equipment types,
crew types, work shifts , and other records . The base and
residential collection methods , equipment and crew sizes may
differ as well as those facilities that produce special
wastes or recycle. For example , the commissary , BX , or
warehouses usually recycle corrugated paper. The waste
collection agent and handling method must be identified .

RECYCLING PRACTICES

Determine the types of materials , composition , and
quantities recycled on base. The Defense Property Disposal
Office (DPDO) should have accurate records of the weights of
recycled material, but they may not record the sources of
recycled wastes or handle all recycled materials. Distinction
between materials returned to the DPDO as “items ” and “scrap”
is necessary to determine exactly what is recycled. Items
are still useful objects which are sometimes sold or given
away, while scrap Consists of metal shavings , old wire ,
paper, etc., which are recycled in the true sense, thus
should be included in the list of material to be recycled .
Scrap is disposed of by bids or term contracts. All data on
recycled material weights should be recorded. Methods used
to store, collect, process, and transport scrap should also
be noted.

The commissary , BX , and any large supply or maintenance
organization should be investigated for on-site gathering
methods, local processing , composition , applicable regulations ,
costs, and records . The study steps are flexible and should
be modified to fit base needs. Not all facilities generate
quantities sufficient to warrant complex investigation , but
high volume and large facilities and organizations should be
carefully analyzed.

7



SECTION I I I

STEP TWO: MONITOR SOLID WASTE HANDLING OPERATIONS

The data obtained in Step 1 wi l l  be used to determine
the monitoring required to optimize the solid waste manage-
ment system. The data gathering should he conduCted during
a minimum of one complete 7-day operating cycle; 2 consec-
utive weeks ~or longer) are recommended. The greater the
period , the greater the statistical accuracy . Even 2 weeks
will not show seasonal or longer—term random fluctuations ,
but th’~se can be accounted for by allowing an extra margin
over observed collection times and quanti t ies  in desi gning
the system. The basic monitoring steps are outlined below .

SOLID WASTE QUANTITIES

All trucks hauling waste for disposal can be weighed on
an existing truck scale, or a portable axle scale can be
rented. The collection vehicle driver(s) will be responsi-
ble for obtaining the weights in the format shown in Table
3, Weighing Station Data Form. The driver should list each
building collected and indicate the last building collected
for each load. During collection, the driver or a second
crewman , if available , is to look inside each bin and note
the type of waste, then measure the distance to the waste
surface from the container top before emptying: the data
forms of Table 4 and Table 5 are to be used. For large
containers (40 cubic yard bins or more) a visual estimate of
percent filled without measuring will be sufficient. This
will enable conversion of volume of waste generation sources
by subtracting the distance from the total container height
(cans and bins). The inside dimensions of each type of
storage container should be measured, and the volume approxi-
mated from these.

Existing data on the weights of wastes currently being
recycled should have been obtained in Step One. If a base
recycling program is being considered , wastes from major
buildings must be weighed to determine the available quan-
tities of recyclable materials. The buildings generatinq
the greatest quantities should be collected and weighed
individually . This can be done by assigning a collection
vehicle and driver to collect exclusively from the selected
buildings and weigh the truck after each collection without

8



TABLE 3. WEIGHING STATION DATA FORM

Route No. 
—

rate Operator_______________________

Vehicle No. Collector ’s Generating ‘I~rpe of Gross Tare
and Road ~ Unit Facility Waste Weiqht Wei~ it

a. Draw a line belc~ the last building collected in each load.

9
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going to the disposal site . Special lift scales can be used
for local weiching. After collecting the last selected
bu i ld ing ,  the collector can return to his regular collection
route. The data form of Table 3 should be used.

WASTE CHARACTERIZATION

Two methods are available to characterize waste , one by
sorting and the second by visual observation. The choice
depends on the desired accuracy and avai lable  budget. The
sort ing method accura te ly  determi ne s composition by weight ,
but is time consuming and expensive. The visual method
determines composition by volume , is quick and inexpensive
but less accurate. The visual method may be an “eyeball”
es t imate  or a 4 0 — i n c h  square  wi re grid wi th  100 4—inch
squares.  A grid can be made from standard hogwire fencing .
The data form is shown in Table 6. The data from both
approaches give the waste composition in percent by volume.

Visual observation involves looking at the surface of
solid waste in bins (by storage) or spread out at a disposal
site (residential can collection). Plastic bags containing
waste must be broken open and their contents included in
the visual composition. The observer should estimate the
percentage of the waste surface area occupied by each of the
waste components listed in Table 6. Special wastes are then
entered in the last two blank columns.

The grid method is most applicable to a landfill site.
A f t e r  the wastes are unloaded and spread on the working
face , the grid is tossed over it randomly. The investigator
simply counts the number  of grid squares or parts  of grids
covering each type of solid waste.  Grid analysis may also
be used on bins.  The l a n df i l l  procedure should be repeated
three times for each t ruckload of solid waste and the three
sets of data averaged. The visual method is not as accurate
(± 50 percent) as the sort ing method because small , dense
items often d i f f e r e n t i a l l y  set tle  to the bottom of the waste
and are not always observed.

S o r t i n g  i n v olv e s  randoml y se lec t ing  a 2 0 0 —  to 300—pound
sample of solid waste (at the storage or disposal site) and
hand sor t ing i t  i n to  the components  l isted in Table 6 .  If
done at the l a n d f i l l , two 200- to 300-pound samples per day
are necessary . Sorting and weigh i n g  one 300—pound sample
requ i res  about 4 to 6 m a n-h o u r s .  A 200—pound  capaci ty
p l a t f o r m  scale is needed f o r  w e i g h i n g  the components a f t e r

12
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they have been sorted in to  separate  con t a ine r s .  To de termine
composition from i n d i v i d u a l  types of bu i ld ings , the compos ition
of buildings selected for individual weigh ings  as described
in the previous discussion should be observed.

An inventory of hazardous and toxic wastes can be
accomplished using the data form shown in Table 7. Visits
to locations generat ing and hand l ing  hazardous and toxic
wastes are necessary and available generation records
should be obtcined. Composition can usuall y be obtained
from the generating source and verified by l abora tory  a n a l y s i s .

An inventory of reclaimed wastes can be obtained from
records of recycling operations, if available. Otherwise ,
recycled wastes should be weighed as described above . The
composition of potential recyclable wastes on the base as a
whole should be derived from the disposal site composition
measurements and the composition studies at the selected
representative bui ~ding sources.

DISPOSAL SITE EVALUATION

The identified available disposal sites should be
- evaluated for useful life and fee or cost trends. For Air
Force base landfills , the Landfill Evaluation Form of Table
A-i (Appendix A) and the data form in Table 8 are to be
completed. Other necessary data for Air Force sites are:
distance from routes to the disposal site , estimated travel
time , available cover soil quantities, local surface drain-
age entering the landfill , and minimum depth of the groundwater
table. It is necessary to locate and sample water in wells
upstream and downstream from the landfill site to monitor
possible leachate pollution .

COLLECTION OPERATION S STUDIES

Timing of collection activities will be necessary to
evaluate the work efficiencies of crews and the existing
collection methods . Recording is done directly , using video
or movies, and timing is done with precision stopwatches,
calibrated in hundredths of a minute, mounted on time-study
clipboards . The first timing can be done using the data
form in Table 9. Compare the collection times in Table 9
with typical times for the type of collection given in
Tables B—i and ~‘ — 2 , and Figure 8-1 (Appendix B). If timed
coll ection is over 30 percent greater than the typical

14
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times , then the da ta  forms of Tables 10 and 11 should be
used fo r  household or f ron t  loader routes , and the collec-
tion work t imed aga in .  By analyses  of the detai led task
breakdowns in Tables  10 and 11 employing s t anda rd ized  MTM
task element t ime data  f rom i n d u s t r ia l  eng inee r ing  hancibooks
for comparison , tasks taking excessive time may be identified.
Correct ive measures  such as c h a n g i n g  col lec t ion techniques ,
equipment , or improving labo r pe r fo rmance  can then  be i n i t i a t e d.

Improvements in crew efficiency and their overall col-
lection produc tivity may be evalua ted by comparing measured
times for existing collection methods with standard times
for alternative collection methods to select the best operating
procedure. E v a l u a t i n g  the e f fe c t i v e n e s s  of labor and equi pment
utilization on a base landfill can be done by t ime s tudies
using the data form of Table 12. ‘~Nonproduc tive ’ r e f e r s  to
time when workers are ta lk ing , sitting, wa it ing for col lec tion
vehicles to unload , or any time when de f i ned  work tasks  are
not being actively performed. Equipment nonproductive time
includes  i d l i rg  w a i t i n g  for  collection vehicles to
unload. “Moving refuse” refers to that period when the
un loaded re fuse  is pushed onto the working face ; “ re turn ”
r e f e r s  to equi pment t ravel  in reverse to push more w a s t e .

18 
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SECTION IV

STEP THREE: DATA J1NALYSIS

The following analyses should be performed separately
for residential housing and for other base facilities.

WASTE QUANTITIES

~ he wei ghts  and  volumes of wastes should be t abu la t ed
by route to determine weekly totals collected. The container
and solid waste (in cubic yards per week) and frequency of
collection should be tabulated by building number and route.
Weights  and volumes of wastes  measured fo r  selected i n d i v i d u a l
b u i l d i n g s  should be tabula ted  and the dens i ty  c a l c u l a t e d .
These d e n s i t ics  can then be used to es t imate, from volume
data , waste quantities (by weight) from buildings with
similar operat ier~ by using the waste volume data.

WASTE COMPOSITION

The waste composi tion should be summar ized  by bu i ld ing
number and type of operation . If composition data were not
gathered for all building sources, then the composition at
the buildings selected for weighing can be used as estimates
for buildings with similar operations, to estimate base-wide
percent composition and component quantities for housing and
other base facilities. The base-wide estimate of total
quantities and volumes of each solid waste component can be
used for assessing the economic feasibility of recycling
each component. If components are determined by visual
observation (grid or other) , then s tandard densities for
each component will have to be used to calculate percent
weigh t  composition. A set of typical  dens i t ies  by ( type of
building operation) source are given in Table 13 which can
be used to estimate percent weight composition . Hazardous ,
toxic , special , classified , and recycled wastes should be
summarized on separate tabulation s by building number, as
described above for weights and volumes.

DISPOSABLE SITE EVALUATION

Costs of trave l disposal as well as actual disposal
costs. Cost factors for base sites are land , labor , equipment
(fuel , oil , maintenance , and capital amortization) , supplies ,
and facilities (sanitary , ut ilities , access road maintenance ,

72



C) C) C) C) C) ‘.0 a) C C) C’ C’0 c~ C) C) C) C) C) ‘.0 (N C N a) C)
1--i C ’ ¼C) in in in in N ‘.0 (~ —4 In

-~ m

U) 0) 0) a) 0) CO a) 0) C~ CO CX) C) C) (No 
~ (N N (N (‘1 (N (N ~-4 (N (N C) ~? In

~~ ~1~ ~? In ~~ ~~ ‘ 4~~ ~~ ‘

—4

U) 1-4
41) (U C) C) rn N ~~ ~~~ ~~~ ~~~ C)

41) .-4 C) In In 0) a) O~ 0’ C ~? 0 N
‘—4 ‘C ‘.0 ~~ ‘.0 in in (N (N ‘.0 rfl (fl ~~ ‘C-)

0
U)

‘0 ‘
~~ ~~ o~ In In in in 0) C a)

~) 0 0) a) C) 0 C) C) 0) CX) a~ C) in
~4J ~~ (N (N ~~ ~~ N (N (~ .-4 .-4

z 0
0 a )
I—l ’-4~~~~~~F G) 0
I-f C/) %-~~ 1-4
U) C) 1-~ If) rfl m m C )  r’-~ m 0) r-~ r’~ q

~•~0 B ~) ~~ in tn ~r in in in in (N in ~~ ifl

~ o ~~~ ‘~-~ ~~ —4 ~~4 N ‘-4 ‘-4 —4 ‘-4 ‘-4 ‘—4 ‘—4 —4
Z I-i
Q 9-i
(~1 U)
~~ 41) 

~ CI C) C) C) CO CO ‘.0 rfl m 
~~ a)F 4~( ~ (~ (CI CI ‘.0 If) in In ‘.0 in I~~) If) in

~~ u — i c rn ~~
~~
~~

O 4-4 
~~I-I 0 ~ U0 •-4 Ce Ce (f) (‘4 ç-.~ Ce Ce CX) ‘.0o ~ ~ ~~ Ce a) CO a) C) C ‘.0 ,—4 Ce 14~I

C)) Q) Ce (N ~~ Ce ~ 4 _4 (N N ~r
- --I

4-i
- ‘-4 U)

Ce Cfl~~~~~~
—i c 

~~ 
.-.

~ 0) C) () ~~ (N Ce in a) in
~) .c ~~ (N Ce ~~ N .—4 i (N ‘.0 0)
0 -~~ ‘-~ (N ‘—4 ,-f ,4 (N N ~-4 N

-) 0

U)

18~ 

~ ~ 
:. 

~ 
;~
;
~CI) ‘

~~ ~~~~~~ ~ --~~~~ U)~~~~I 
23 

1 ~ 
I



“4a)
I I I I I I I I I I

—S
a)

~4fl
U) 4-AD

00)
‘—..c c -Ic -Ic

CI C) CD 0 0 CI 0 CI C) 0 C) I
.0 -~~ C) C) C) C) C) C C) C) C) C) C)

~~ ‘ ~~
. -(U’ -(U’ -(U’ ‘(U’ ~~- ~~

. ‘(U’ ~~
. 

~~
.

4~a)
0

-Ic -IC -Ic -Ic -Ic ic -IC
C) C) C) 0 0 C) C) C) C) C N CeN N N N N N N N N S C N-

~ 
‘
~~ 

(N (N (N (N (N (N (N (‘1 (N (‘4 ‘—4 (N

9~~~
o w
I—I ‘—4

0) U)
I—I U) (I) -IC -Ic -K
U) ‘~~ If) ‘.0 ‘.0 CCI ~~ ‘ G\ 0 C) ‘.0 ‘.0 ‘.0 ‘.0Ce Ce 0) 0) .—f Ce (N Ce Ce Ce Ce

“3’ Ce ,—f ~~ ~~ ‘ ‘(U’ ~~ ‘ ~~ ‘ ‘(U’

Q 9 - ~U

~Z) 0) -Ic -Ic -K -K
~~ 4) 5 ~~ C) 0 CI CI C) C) C) C C 0
C)) U) (U (U ~~ ‘ 

(U_ ~~ C ‘3~ -~~ ~3’ ‘(U’ ~~ ‘ ~~~ ~~ ‘ ~~~

3 3

O ~I-I 0 ~441) -Ic -Ic ic -Ic 0O (4) 0 C C) Ce C C C) 0 C) C) N 0 -H
U) a) 0 Ce C) C C) C) C (N C

Ce Ce Ce Ce Ce Ce -H-H

— U) U)
4) C ii -Ic -IC
C 0) U~ 0’, ~~ N N N CO in a) In N If) Ceo Cl (1 N ,—4 (U’ ~1’ Ce (N in (N 1’ ~r C) ‘3’

u
04 1-4

Ce (I)

‘-4 -Ic -Ic -I’
-H —4 CCI 0) 0) ,-4 e-4 0) 0) 0) C) Ce Q

in ‘.0 ‘.0 ‘.0 in in tf~ if) in ‘.C) ‘.0 C)
—4 - (N .-4 4 ~-I ~-4 .-4 Cea)

F

~~~~4J
U)

0
~~ ‘—4 “ >-c --- -H

~J U) - --4
-H ,~~~~~~~~ ~~ 0 • H U) (U‘—4 -

--4 ~~~-~i I-HIt Z C)
4J J~~ >~ 

U)~~~W I
-H -.-- 

~ -H~ ~1U ) 
~4)

.
~ 

.

~~~~ ~~~~~ ~~~~~ 
-~l ~~~~~~~~ ~~~ 

~~ ~~~~ ~~~~~~~~
-H -H~

~~I )I’4-I L~ (0~ ~lU ) .CI U)I~~ UI ~~~~-4 I -.-i
r ~I ~ki ~~~~~~ ~l dl ~~~ ~ i ~~ 

(
~l ‘~I~ ~I( U2 I ~

24



etc.). The useful life of existing disposal sites should be
e~ tah1ished, and will indicate when alternate sites should be
considered in long-term planning. If an Air Force base
l a n d f i l l  is used , the L a n d f i l l  Eva lua t ion  for m should be
reviewed to determine where site and operating improvements
are needed. Any needed improvements should be cost estimated
and i n c l uded i n  the overa l l  d isposal  cos t .

COST ANALYSIS

The ex is t ing  storage , collection , processing, and
disposa l costs should be calculated in dollars per year ,
do l l a r s  per ton , and do l la rs  per service un i t (person , b in ,
ho use , etc.) per month . Basic collection cost elements are
l i s t e d  in  Tab l e  14 and f ac to rs  a f f e c t i ng  costs are g iven  in
Table  15. For con tractor coll ection the cos t to th e A i r
Force is the cont ract cost.  A separate  cost es t imate shou ld
be calculated , however , to compare private contractor productivity
and to determine if the Air Force is paying for a cost-
effective operation.

Collection time study data m u s t  be summarized statisti-
caily to determine the mean , standard deviation , and probability
of performing each activity . The probability of performance
is  the  propor t ion of collection stops at which  an ac t ivi ty
occurs. Mean collection time consists of three components:
t i m e  at each s top ,  t r ave l t ime between stops and r o u n dt r i p
t ravel time to disposal sites. These elements are evaluated
to determine the efficiency of the existing system, and to
r ev i se  rou tes  to improve c o ll e c t i o n .  P r o d u c t i v i t y  st anda rds
are given in Table 16 for two- and three—man crews .

Standard costs may be used to complete the above storage
and col1’~ction cos t an a lysi s; these costs are presented in
Table 17 for container storagn and Table 18 for collection .
Superior productivity performance data for 11 representative
residential collection systems ~ir ’~ g iven  in Table  B — i  ( Appei~~ix
B) for comparison purposes. The standard cost tables are
useful for comparing costs of alternative methods and systems ,
but may vary with time and location in different geographic
regions.
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TABLE 14. COSTS OF SOLID WASTE COLLECTION :
FOUR AIR FORCE BASES (1974)

Hanscom AFB Rear—loading bin and
COfl collection 55,400

Rear hoist 67,576

122 ,976

Vundenberg AFB LoDal Co llection 71 ,723

Rear hoist 47,260

Can collection (contracted for 98,766
housing) 

_____________

217 ,749

Charleston AFB Con collection (contracted for 135 ,840
housing)

Bulky wastes co llection 10,028

Grounds 19 ,418

SI reel sweep ing 309,018

474,304

Kell y AFB LoDal collection 70,459

Ho st bin 62,500

Bulk y wastes 23,723

Can 23,156

Tractor—trai ler 54,600

Street sweep ing 139,622

374,060

* 
Includes labor, equipment costs
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TA BlE 15. BASIC COI,LECTIOfl COS’U rLEMEN’”S.

Vehicle Cap ital Cost (fixed cost )

• Chassis

o Mak e

o Horsepower

o Fuel type (diese l vs gas)

o Number of axles

o Options (transm ission , steer ing, aux iliary eng ine , etc. )

• Packer bod y

o Manufacture

o T ype (front , rear , or side loader)

o Capacity

o Compaction ccç abil it y

• Volume and typ e of purchase

Operating Cost (variable cost )

• Consumables (gas , oil , tires)

• Mai ntenance and repai r (labor and parts )

Overhead Cost (fixed cost )

• Insu rance

• Garage (imputed rent and util it ies)

Labor Cost (varithle cost )

• Wage rat e (including fringe benefits)

• Crew size

• Number of p ickups per shift

• Quantit y of waste collected per p ickup

Source : Ad apt e d f r o m  Decision Maker ’ s Guide in Solid
Waste Management, Office of Solid Waste
Ma nagement Programs , U.S.F~.P.A . , 1 974.
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SECTION V

STEP FOUR: OPTIMIZATION OF SOLID WASTE OPERATIONS

The recommended order for structuring an optima l solid
waste management system is as follows :

1. Determine stora ge requi rements  at each buil d i ng
or f a c i l i t y.

2. Select the most app ropriate container for each
f a c i l ity.

3. Usina a base map, divide the base into geographical ly
dis tinct areas based on St reet  access , b u i l d i n g
clus teri ng , and t rave l dis tances .

4 .  De te rmine  the  trave l time through each area on the
shortest route.

5. Determine collection time in each area for proposed
collect ion methods .

6. Subdivide each area on the basis of collection
frequency .

7. Summar i ze  a n n u a l  col lec t ion costs for  each area
and subarea.

8. Develop r o u t i n g  maps for trucks collecting each
subarea

9. Conduct cost tradeoffs for different collection
frequencies, types of collection (curbside, back-
yard , etc.), and storage container sizes.

10. Select the lowest cost system .

The optimal system will be the lowest cost system that
provides the level of service desired. Since collection and
storage costs are discrete rather than continuous for alternative
methods for a given base, the approach outlined above will
lead to an optimal system. The method is detailed below.
Figure 1 presents a partial list of waste handling alternatives
open to solid waste managers using state-of-the—art equipment
and practices.
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Generation
— -

- - --- ~~- —

p On—Site Gathering
•hand—carry ing cans to outside conta iners •hand dump ing cans into :
•han d—loac li ng cans on a tra in of carts —a bag
•v ia chutes —a mobfl e cart

—a motor ca rt

r On- Site Processin g On SDe Segregation
•ba l ing •shredd ing •vo lun tary
•pul ping •inc ineratio n • regu lated

_ _ _ _ _  _ _ _ _ _ _

Storage
• in cans •in bags
am bins or boxes •us ing stat onary compactors

r Collection
•by hand loaded com pact ion v eh ic les•b y ho ist vehic les
• by mechanicall y loa ded compact ion vehicles sby tilt—frame veh icles
•b y mechan kal Uft s and flat bed ve hkl es

Trans fer 
— 

Centra l Processing
•us ing centra l ‘ Mother ” truc k •s hredd ing •magnetk segregatio i
•us ing stati on •bafl ng •inc ineratton. i i .w itn nydrau lic ram

—w ith loader

Disposal 
~~ 

[ Recycling 
II 

•san itary landfitU ng

F gure I . General Flow Diagram lndkot ng Bask Alternat ives in Wast e
Handling Operations .
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ROUTE AREA DESIGN

Firs t , divide (on the base map) the base into geographical
areas separa ted by si gn i f i c ant trave l times , limited access
(one or two streets) , or low building density streets. The
dis t i n g ui s h i nc~ f e a t u r e  of each area will be limited access;
for  example , a sing le road in to a clus ter of bu i l d i ng s  or a
dead-end road . Each area should be defined so that collection
of the en tire a rea would be less cos t ly than col lect ing part
of the area.

STORAGE

Using the data on weekly waste volumes per facility,
the container sizes for different frequencies of collection
may be selected from Table 19. The volume ranges given in
Table 19 provide container capacity 20 percent greater than
the measured volumes. The excess capacity provides for
fluctuations in waste quantities from seasonal or other
causes.

The total number of each size container and waste
volumes in each area or subarea is summarized for potential
frequencies of collection (in tabular form) as shown in
Table 20. Using the annual container storage costs in Table
17, the storage costs can be determined and compared for
different collection frequencies. The applicability of
various storace containers to waste generating facilities
is summarized in Table 21.

COLLECTION TRAVE L TIME

The first aspect of collection optimization is to
calculate travel times through each area and subarea.
Tr~ve1 time may be determined either by driving the routesand t iming the t rucks  between stops , using time and motion
data from the time studies , or by using a map wheel on a
large-scale base map (say 100 feet per inch) to measure the
distance through the area. The map distance would be converted
to time, using the average collection vehicle speeds between
stops for  appropr i a t e  b u i l d i n g  densit ies, and d iv id ing  the
travel d i s t ance  by the average speed to obtain time .

Timing all of the collection routes would be the most
accurate method, but it requires time to travel each collection
route, and is the most costly approach . Time study travel
time data can be used if the huildinq densities are reasonably
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consistent throughout the base , oth erw i se sig n i f i c a n t  er ro r s
may result in nonconforminq areas. Time study data may not
be available for the entire base because it is usually not
comp iled for every route but only on representative rou~ es.
The map m e a s u r i n g  method is the quickest and least expensive
approach , but  it is not as a c c u r at e  as timing the travel
route.

COLLECTION T I  Y~

Standard collection times for the candidate collection
methods can be used to determ in ’— the total time to collect
a l l  con ta iner st ops in  each a re a . Because average time values
are useu , the total collection time is the product of the
n umber of bins and collection t’~~e• At b u i l d i n g s  with more
than one container , the time for the appropriate number of
containers must he used (for bins the times are 2.1 minutes
for the firs t bin and 1.7 minutes for each subsequent bin) .
If the exist ir- q cu~ lect ion me tho d is used , the measured time
study data can be used. If a new collection method is used ,
time data from that type of method may be used. Sources of
standard times are Figure 13-1 (Appendix B) , and data from the
base studies in Appendix C.

ROUTIN G

The least-time route must be determi ned to minimize
collection time . This can either be ~ccomplished through
computerized assistance from the Air Force Civil Engineering
Center (AFCEC) or through basic log ic , heuristic routing .
(AFCEC assistance for base residential routing should be
available in mid-1977 .) The objective of heuristic routing
is to design a route acceptably close to the unknown optimal.
Since collection system costs generally change in increments ,
the optimal system may be accurately reached . The steps in
heuristic routing are summarized in Figure 2. Further
guidance is also available in AFWL-TR-73-120, Improving Air
Force Base Refuse Collection Vehicle Routing, dated Jul y
1973.

Under actual conditions , a facility producing a large
waste volume may be located adjacent to one producing a
small volume . In this case, some areas may have to be
divided into subareas requiring different collection frequencies .
Selection of collect ion frequencies must be determined by a
trade-off between storage container cost and collection
cost. Storage cost increases (more containers) as collection
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1 . Routes shou ld not be fragmented or overlapping. Each route should
be compact , consisting of Street segments clustered in the same geo-
qraph ica l r ir e a .

2. Total c o l l e c t i o n  plus haul times should be reasonably constant for
each route in the coIlu~unity (equalized workloads) .

3. The collection route should be started as close to the garage or
motor pooi as possible , taking into account heav ily traveled and one-
way streets. (See rules 4 and 5).

4. Heavily traveled streets should not be collected during rush hours .

5. In the case of one-way streets , it is best to star t the route nea r
the upper end of the street , working down it through the looping process.

5. Services on dead end streets can be considered as services on the
street segment that they intersect , s i nce they can onl y be collected by
passing down that street segment. To keep left turns at a minimum ,
collect the dead end streets when they are to the right of the truck.
They must be col lec ted by w al k in o down , backing down , or making a U-turn .

7. When practical , steep hills should be collected on both sides of the
street while vehicle is moving downhill for safety , ease , speed of col-
lec tion , and wear on vehicle , and to conserve gas and oil .

8. Higher elevations should be at the start of the route,

9. For collection from one side of the street at a time , it is generally
best to route with many clockwise turns around blocks.

(Heuristic rules 8 and 9 emphasize the development of a series of clock-
wise loops in order to minimize left turns , which generally are more
d ifficult and time— consuming than right turns and , especially for right—
han d-drive vehicles , right turns are safer .

10. For collection from both sides of the street at the same time , i t is
general l y best to route w i th lon g, stra ight paths across the grid before
looping clockwise.

11 . For certain block configura tions within the route , specific routing
patterns should be applied. -

Source : Shuster , K. A. , and D . A . Schu r , Hueristic Routing for Solid
Waste Vehicles, U .S.E.P.A. Publicatio n No. SW13 , 1974 .

Fi gure 2. Heuristi c Routing Technique.
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fr e q uency decreases. The tradeoff can be done by det e rmin ing
collection tie(s (including collection and travel), for
d i f t e r e n t  c o l l e c ti o n  f r e q u e n c i e s .  St a n d a r d  costs per hour
of collection ~t r e  g i -/ en  in Table 18.

SYSTEM ANALY SIS

In applying the method to the four bases originaLl y
su rveyed t I l  test this methodology , i t  was found  tha t the
colle c t ion frequency dec reasi ng the number of b ins  to one
~. er  5 t j ~~ was tie least costly . Thus, the goal in optimizing
is to minimiz e the number of bin containers and the frequency
of collection. The exception would occur if all but one or
i few bu i l d i ngs in an area required more f requent  collection
than t he  othe rs. In this case, the few requi ring less f requent
c o l le ct  ion wou ld  be collected as frequently as the majority .
Cu l l ection time and cost are summarized in the Table 22 data
format. Annua l costs are calculated to evaluate alternative
collect ion frr~~uencies by area. Selection of collection
tru ck capaci t y i~ ~ i sed on maximizing the volume (minimum
numb er o f ~ruc~ s ; th a t w i l l  a l low an in tegral n umber of
truckloads to ue collected each day from all routes. Minimizing
the number of truckloads will minimize the number of trips
to ~ihe disposal site.

In  g e n e r a l , two loads l .0r day provide a feas ib le  low—
cost goal without a transfer station. The truckloads are
l e - t e r m i n e d  f r o m  the  veh ic le  size and waste  volumes.  A

compact ;i o n  vo lume  r educ t ion  f ac to r  ( u s u a ll y  compacted to 1/4
of ~~~ uncnrI3 (’ted volume) , is used for packer vehicles to
e st i m a t e  loads .  An excess capac i ty  of 20 percent compacted
vo lume should be allowed in sizing the trucks to minimize
the possibility of having to take a partial load to the
disposal site or holding the load overnight.

The prevailing hourly labor rates and hourly collection
vehic le  costs will determine the least costly truck and crew
s i ze  c om bi n a t i o n .  In genera l , the fewer men on collection
crews , the lower the collection cost. Because collection
cost accounts for 70 to 80 percent of total solid waste
managemen t  costs , it is a key operation to concentrate on
cost cutting . The minimum practical crew sizes are : resi-
dential curbside collection--one man ; bin collection from
alleys or streets—-one man ; and residential backyard , set—
out and set-back collection--two men.

The three types of collection vehicle loading points
are genera l ly recommended for application as follows : front
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loading—-bin containers , limited household cans , one—man
crew for  b in collection, two-man crew for household can
collection ; side loading--one man crew, curbs ide  col lec t ion
of household cans; rear loading--collection of household
cans , l imited bin use , curbside or backyard collec tion .

COST ANALYSIS

The final step is to summarize the annual costs of
storage and collec tion by area (route) in the manner illustrated
in Table 23 .  The Table 23  data form should be used separate ly
for each type of collection system being eva lua ted .  In most
cases the differences in cost between alternative methods
wiLl be large enough so that a more detailed comparison will
not be necessary for final selection . Alternative routing
structures  may ,  on occasion , have to be compared at the area
level. The lowest cost collection frequencies are selected
for each area . The areas are then combined to form integral
collection truck1

The total time per load is the sum of collection time ,
travel time between stops in each area , travel time between
areas , and travel time for disposal. Travel time from the
vehicle yard to the route and return are averaged over each
t r ip. The minimum trip time occurs when each truck collects
from adjacent  areas on the same day , thus the nearest areas
making up a truckload should be combined wherever feasible.

ROUTING SUMMARY

The areas should be grouped into daily routes for
their  appropriate collection frequenc ies .  This may be done
on the data  form in Table 2 4 .  In set t ing the routes , the
travel time for disposal , to and from the yard , and a lost
time allowance must be inc luded in the daily time schedule.
The times to collect each area may be used to combine areas
to complete a day ’s route schedule. It is advisable to
allow some slack time (30 minutes is probably adequate) each
day for those days when above average waste quantities are
encountered. The collection route schedule of Table 24 may
be used in combination with area route maps to show the
collectors the order of collection for each street and
building. (The AFCEC routing program will also produce a
schedule for base residential areas.)

TRANSFER STATION S

Transfer stations become economical if the disposal
site is a great distance from the collection routes. The
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general method of determining break-even distances for
tr~insfer stations is shown in Appendix B, Fi gure B— 2 ; cost
compar i sonE  of t r a n s f e r  versus  d i rec t  hau l  in Appendix B,
Figure  3-3; and costs of t r a n s f e r  ba l ing  versus conventional
disposal  in  Appendix  B , Table 3-3.

DISPOSAL

For Air  Force base l a n d fi l l s , equipment  needs may be
determined from Tables B-4 and B-S in Appendix B. Due to
the relat ively small quant i t ies of sol id was te on A ir  Force
bases , the recommended approach would be to select one piece
of equ ipmen t tha t can perf orm a var ie ty  of l a n d f i l l  func t ions .

BULKY WASTES COLLECT I ON

Col lec t ion  of bulk y waste is u sua l l y  more costly on a
dol la r per ton ba sis than other types of collection because
han d labor is usua l ly used and because the relative ly few
poin ts requ ir ing  collection are usua l ly widely dispersed .
Minimizing collection frequency will in most areas also
minim ize cos ts. For Air Force bases , collection of bulky
was tes  every 2 weeks to once a month would be s a t i s f ac to ry.
A flat-bed truck with an hydraulic lift tailgate would be
best suited for bulky waste collection .

PROCESSING

Given the sizes of Air Force bases , the feas ib le  processes
are ba l ing ,  shredding ,  and pu lp ing of c l a s s i f i e d  wastes , and
incineration of classified wastes. Incineration is more
cost ly  and t h e r e f o r e  shredding and pulping should be preferred.

Food waste (g arbage) grinders are feasible as a method
of reduc ing  collected was te q u a n t i ties , odors , f l i e s , and
rats in solid waste . Available sewage treatment facilities
should be evaluated to determine if they can handle the
was te load from food grinders, and what additiona l costs may
be invo lved.  I f the Air  Fo rce base disposes to a municipal
sewa ge syste m , the sewage fee may be increased. A cost
analysis for purchase, i n s t a l l a t i o n, maintenance , and sewage
treatment should be completed to determine the feasibility .

CONTRACT/IN-HOUSE MANAGEMENT

Cont rac t  collection may be the most feasible method for
smal l  bases under 1,000 population. Collection vehicle
costs would be high , particularly when a backup truck is
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included for small bases. A cost analysis should be completed
for  larger bases to select the lowest cost (optimal) system.
The Air Force cost estimate can be used to evaluate contractors ’
bids. Monitoring and inspection of contract collectors are
necessary to assure that the specified level of service is
achieved and that the collectors are efficient. Regardless
of the method chosen (contractor or in-house) consideration
should be given to incentive work systems, such as allowing
crews to go home early if they finish up their assigned
collections early .
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SECTION VI

Rt~COMM END ATIONS ON METHODS AND EQUIP MENT

UN-SiTE GATHERING

Mob ile carts with detachable 60—gallon cans are well—
suited for small-to—medium size commercial buildings with
access to large outside bins . Mobile work carts with detach-
able storage bags are better suited to small-to-medium size
commercial buildings with stairs between janitorial areas
and outdoor bins. Large commercial buildings may be optimally
“gathered” by motorized carts or 1 to 4 cubic yard push
ca r t s , depend ing on clearances and waste quantities . Push
ca rts wi th appropriate  bin size (general ly  as large as
possible) should be most efficient. For existing multistory
buildings generating more than 350 gallons of waste per day
f rom upper s tories, gravity, and pneumatic chutes can be
considered.

Mechanized gathering is usually not feasible in Air
Force commercial installations because of limited waste
volume and obstacles to the costly equipment. Hospitals ,
warehouses , shi pping/receiving , and other commercial facili-
ties that generate large quantities of waste within single
buildings are exceptions; they are candidates for mechanized
waste gathering with conveyors , sweepers , motorized carts ,
etc. Disposable coded (marked) plastic bags can be used
where patholog ical or food wastes are generated. Hard to
handle wastes should be identified clearly so that there is
minimum hazard to collectors and disposers. The cost trade-
offs between hand labor and mechanical equipment depend on
the quantity of waste handled , travel distances, obstacles,
and other local factors .

STORAGE

Front loading bins range in size from four to ten cubic
yards capacity. Bins are normally the least-cost storage/
collection system except in cases (infrequent on AF bases)
where large amounts of waste are generated , or widely sepa-
rated facilities each generating significant quantities of
waste . Bins are not suitable in most single unit housing;
for  single houses , 32-gallon G.I. cans or bags are generally
the least—cost containers. In areas with limited storage
space , stationary compactors may be the least—cost containers.
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If automated waste gathering is used in a large building
(such  as a hospi t a l)  , stationary compactors may be necessary
to mechanically compress waste into the storage bins.
Modi f i ed  fron t loadi ng bins can be used ; depending on whether
tilt-frame trucks are available on-base , 40 cubic yard roll-
off boxes can also be cost effective .

Al though plastic bags may not be as cost-effective as
32-gallon G.I. cans (because of the relatively high cost of
the bags--$0.08 (1974) each) for solid waste storage in
single-family dwelling residential areas, the use of one way
disposable bags should be encouraged to:

1. Reduce li tter and odor.

2. Improve aesthetics and sanitation .

3. Ease the set out of waste , since normally a bag is
o n e - h a l f  ‘~~e wei ght of a metal G.I. can containing
comp ar~ d i e  r e f u s e .

4. Increase collection productivity .

5. Provide overflow containers for residents (reduces
the number of G .E . cans required by each resident) .

6. Serve a variety of special functions (hold leaves,
sawdust , organic wastes)

To promote their use, plastic bags should be purchased
(preferably from the Government General Service Administration )
for distribution to all commissaries and sale (at cost) to
base personnel. Residents should have the option to purchase
and use plastic bags; quantity government buying should
reduce the purchase price.

Multiplex family housing should use front loading bins
wherever possible. Bins should be placed to minimize walking
distance for users (less than 125 f e e t ) .  Pa rk ing  in f ron t
of bins and other obstructions and interferences should be
avoided , and signs warning not to block the bins posted. It
is of aesthetic benefit to locate bins so that they are
camouf laged  by p l ant ings , fences , or other  a t t r a c t i v e  screening
devices. Stationary compactors and roll-off bins may be
costly for most applications on Air Force bases. First,
costs of the combination are in the $2 ,000 to $3 ,000 range ,
with collection extra. The annua l  cos t of an 8 cubic yard
front—loading bin is about $138. Although annua l collection
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couts are higher for the front-loading bin than the roll—off
container , they do not ap p roach the d i f f e r ence  in storage
costs , except where long travel times or high waste volumes
are the rule. Front loading bins are the least—cost solution
for most commercial and industrial applications .

Hoist bin containers should be removed from normal
solid waste storage , due to their high handling costs. The
significant cost effective use that hoist bins may have on
base is for storing toxic or dense , rioncompactible waste ,
dusts , liq u ids , and scrap . Under most collection conditions ,
mechanical  hoi st systems are re lat ively costly in relation
to vo lume processed.

Use of 55— gallon drums should be discouraged for solid
waste storage (too hard and dangerous to handle manually ,
they provide problems with vectors and odors, excessive
handling costs). They can be replaced by 32-gallon cans,
bags , or large bins, thus minimizing both the handling
problems and reducing costs . Mechanically loaded bins
should be 4 cu yd or larger to provide reasonable storage
capaci ty. Bins should be top- loading (side-loading reduces
effective volume up to 40 percent ). The bins should be
large  heavy duty  types wi th good door latches, since small
or weak parts tend to fail quickly. Care and judgment
should be exercised to locate and orient bins for easy use
and rapid , safe collection as well as to minimize adverse
env i ronmen ta l  impacts .  S p r a y i n g  deodorants  and d i s i n f e c t a n t s
in to bins hold ing  food was te may reduce some odors and
vermin  problems . Many collection vehicles have a pressurized
spray tank for this purpose. (A 25-gallon tank is about
ri ght). Bins should be steam cleaned as required--a scheduled
program is wasteful since all bins do not require cleaning
at  iden tical in tervals, and i t is not possible to accurately
estimate the proper time between cleanings . Too frequent
steam cleaning damages the paint unnecessarily and increases
cost. Too few cleanings cause odor , vector , and aesthetics
problems .

Finally, standardized equipment should be used. This
reduces costs , improves the availability of replacement
parts , and promotes better efficiency and service .

COLLECTION

Collection deserves careful consideration and planning
because collection Costs are about 80 percent of the cost of
a l l  solid waste handl ing functions. Curbside collection in
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res ident ia l  areas is much less expensive than backyard
pickup . Both the cost saving and service reduction are
p a r t i c u l a r ly marked if once—a—week curbside is substituted
for twice-a-week backyard collection . The cost saving s (50
percent or more) result from lower labor requirements and
h)igher crew productivity . Curbside collection permits a
one-man crew; backyard collection requires at least a two—
man crew. A one-man crew curbside can collect more than a
two-man crew on backyard pickup. Also , accidents , injuries ,
and li tter are si g n i f i c a n t ly reduced. Because travel distance
and time are reduced , fue l  is saved. The dolla r savi ngs from
use of a one-man crew result partly from elimination of
w a i t i n g  t ime (of one crew member for another) . For two or
three man areas , waiting time averages about 20 percen t of
the time on the route. Walking time is also substantially
reduced with curbside collection. Time used to open empty
containers is min imized , as are interferences and injuries
f rom fences , pets , and other yard obstacles. Fatigue and
job dissatisfac1~ are reduced. Federal EPA studies indi-
cate that work crews experienced higher job satisfaction ,
manifested by longer careers when systems used curbside
collection . The remaining cost savings result from a more
effective use of collection vehicles , because containers are
collected more rapidly. Curbside crews collect significantly
more stops per shift.

Genera l i z ing about collection :

1. Backyard collection is nearly twice as costly as
curbside pickup .

2. Twice—a-week collection increases cost about 25
percent over once-a-week collection.

3. Twice—a-week collection reduces vehicle requirements
20 to 30 percent.

4. About 60 percent of residential collections in the
US are curbside .

5. About 45 percent of the urban systems practice
once-a—week collection.

The twice- u-week backyard collection method was practiced
at the four bases investigated in the original study and their
costs were correspondingly high . For example, collection
costs at one base were $117 per ton, as compared to curbside
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c o l l e c t i on , in many  c i v i l i a n  systems which  ranges  as low as
$10 per t u .  Should curbside collection be substituted for
back y a r d  ‘Jiections , some resistance should be anticipated ,
but consi der at ion shoul d be given to the large addi t ional
labor and capital costs involved in providing the extra
service and also the negative impacts such as: waste of
vehicular fuel energy , and increased noise and interference
wi th p r ivacy  rel ated to multi ple collections each week . For
s a f e t y  reasons , one-man crews are sometimes not adequate for
front-loader routes , since front-loaders must back away from
each bin collected. Thus , a secon d man is sometimes needed
to wa tch th e rea r and guide the d r ive r .  Pr iva te  contractors
almost exclusively use one-man crews with front loaders;
they f ind si gni f ic a n t  savi ngs and no known increase in the i r
acciden t ra te, even in congested urban communities. Residen-
tial manua l routes are sometimes more efficiently collected
with two men if any of the following are apparent: (1)
back yard collect ion is r e q u i red , (2) the route has streets
so narrow that two-sided curbside collection is practical ,
or (3) haul time to the disposal site is relatively short.
On the fou r  A i r  Force bases st udied , a one-man crew would be
cost effective for the mechanically loaded bins located in
the garden apartments , where most base personne l reside.

Size of compaction vehicles (whether front , side , or
rear loading) substantially affects travel time , amortization ,
and operating and maintenance costs. Determining factors
fo r  selection are number of axles , gross vehicle weight,
lift arm capacity , travel distance , operating costs , and
maneuverability limits . Front loading vehicles with 35
cubic yard maximum capacity and three axles-—are presently
cost effective primarily because of their axle weight,
operating character is t ics, and maneuverability limitations .
Lift arm capacity (according to manufacturers ’ specifications)
ranges incrementally from 4500 to 10,000 pounds ; the bases
studied generally required only 450 0 pound capaci ty for
t h e i r  f ront - loader s  except for the pickup of dense demolition
or industrial wastes. Obviously, pickup arms should be
selected for the maximum load requirement.

g Residential collection vehicles (such as rear or side
loaders) are often smaller , around 16 to 20 yards capacity .
These sizes permit about two full loads daily to the landfill.
A 35 cu yd truck space might reduce the unloading to once a
day . Residential waste loads are usually dumped at the end
of the shift rather than permitting partial loads to sit in
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the vehicle overnigh t. However , thi s is i n e f f i c ien t , and
some community systems allow partial loads to remain over-
ni gh t to m i n i m i z e  t rave l to the dump ing area.

Appropri ate s a f e t y  devices sho uld be ins tal led  and used
on collection vehicles:

1. Oversized rear-view mirrors.

2. Backup bells (crews seem to prefer bells to buzzers).

3. An orange , r o t a t i n g  li gh t  on top of the vehicle to
improve its visibility.

Heavy duty cooling , oil , and other mechanical  equipment
should be specified on collection vehicles since heat and
solid waste abrasion are major destroyers of collection
vehicle mechanisms . The heavy demands on the hydraulic
system , the freque : stops to pick up waste , the lack of
forced a i r  coo l i ng ,  and the accumulat ion  of dus t  f rom the
waste and the landfill increase heat loading on the vehicle
cooling system. A separate oil cooler is desirable to help
maintain oil and additive viscosity lubrication properties.

At the Air Force bases previously studied , it was observed
that some bases do not have enough housing units to keep one
collection vehicle busy . In such cases , the shared use of a
front-loading vehicle with a special 2-yard bin can be employed
as the residential collection vehicle. Such dual use can
reduce costs by eliminating the need for a special vehicle
and crew that are only partially utilized. A front-loading
vehicle with bin is intrinsically slower per stop than a
dual  drive , side—loading vehicle , but the time d i f fe rences
do not jus ti f y the costs for a special vehicle and crew . The
front-loading collection vehicle and bin with one man is
suitable for collecting up to 100 units in one day . If more
units are to be collected , a second crewman should be pro-
vided. The basic reason a two-man crew would be better is
that the height of the vehicle cab normally available requires
the driver to continually enter or leave the cab—-a time-
consumi ng and fatiguing task.

Route planning and balancing can substantially reduce
cost. It is necessary to carefully establish whether containers
should be collected on a fixed schedule or on-call. The
choice depends on the location , amount of waste generated ,
and the type of container. Residential waste should be
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collected on a schedule. Front-loading bins should also be
co l l ecte d on schedule , except at sites generating very small
amounts of .~aste or intermittently accumulating waste , and
those at remote locations. Hoist and roll—off bins are best
collected on-call due to their high collection cost, variable
generation rates , and the insensitivity of their collection
cost to the amount of waste collected .

Scheduled routes should be divided according to the
consolidated areas served and the frequency of collection ,
in order to m i n i m ize the  to tal res u l t i n g  storage and col lect ion
costs. When mul tiple crews are used , the time and work
effort required on each route should be equalized.

Bulk residential collection should be on call. The
trade off between scheduled and on-call collection of bulky
residen tia l  was tes wi l l  depend on the b u i l d i n g dens ity ,
income levels , and other factors . On-call collection of
bulky wastes appears to be optimum for most Air Force bases.

Once-a-week street sweeping is generally adequate for
areas tha t tend to accumula te solid waste  qu ick ly , such as
li tter or falling leaves. Heavily trafficked main streets
and other extensively used areas should be swept once a
week . In other areas , sweepin g is required once every two
weeks or less. The trade-offs between frequency of collec-
tion and rate of filling up the sweeper should be analyzed
to establish the number of sweepers required for an optimum
sequence . The less frequent the collection pericd , the
f a s t e r  a sweeper will fill up. Drain clogging incidents may
indicate that more frequent sweeping is required.

DISPOSAL

Sanitary landfills receiving less than about 50 tons of
waste per day are probably inefficient because the heavy
equipment required to handle and compact the waste is not
fully utilized . For a small landfill to be efficient , the
natural contours of the ground should permi t f i l l i ng  with
minimum excavation , and sufficien t cover soil should be
readily available adjacent to the working face. Specifi-
cally ,  trench landfills and landfills requiring excavation
or haul ing cover soil are far more efficient when large
quantities of waste are disposed (more than 100 tons/day).
Bases with small waste generation rates of less than 50 tons
per day (this includes most bases) should use local off-base
landfills or incinerators if they are available . The
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exceptions are hazardous wastes and dirt or demolition
wastes. Hazardous substances require special handling and
d i sposal.  P a i n t cans and other con ta ine rs  may be cleaned
and salvaged , care f u l l y  l a n d f i l l e d, or alterna tively sold
for scrap in a contaminated condition (if sold , care f u l
labeling explaining the contents and hazards is necessary).
Dirt and d e m o l i t i o n  wastes are expensive to transport but
easily disposed of as clean inert fill on base. All disposal
sites , used by t h e  A i r  Force , w h e t h e r  owned or paid  for  on a
fee basis , should comply with EPA standards . Proper equi pment
and ‘thods may incre ase certa in  costs but provide oth er
cost savings and benefits: fewer injuries and diseases to
l a n d f i l l  personn el ; reduced problems wi th vectors , l i t t ering
arid odor; elimination of methane explosion hazards , con ta m i n a t i o n
of grou ndwater  and sur face  bodies of wate r; lon ger l a n d f i l l
lif e; and others. In particular , hazardous and toxic wastes
r equ i r e  spec ial h a n d l i n g . Some of these mi gh t  better be
handled by chem icil neutralization , biochemi cal stabil iza tion ,
or encasement i u  IIu ItL p le plastic bags before landfill
disposal o- incineration. W i th  some toxi c wastes , special
protective steel or cement containers may be required for
safe long-term storage. Other special handling and physicai’-
chemical processes include evaporation , ion exchange , carbon
adsorption , pyrolys is, mascera tion , reverse osmosis , and
related methodologies .

PROCESSIN G

The A i r For ce bases previously s tud ied d id not gener ate
enough waste to justify central processir iq as used in some
large munic ipali ties. Central refuse balers, shredders , and
inc inera to rs for communities gene ra l l y  have da i ly  capacities
in the range of 100 tons a day or more . Most Air Force
bases do not approach that volume of daily waste qeneration .
The small gene rat ion rates on mos t bas es plus the substantial
scale economies involved virtually rule out (except for very
large bases) centralized processing, except perhapc as a
jo in t ven ture wi th nearb y mu nicipal i t i e s .

Several  types of local processing methods are app licable
to Air Force waste systems . These include shredders , pulpers ,
balers , and incinerators . These may be adapted to specific
applications on-base.

Security waste s require destruction , and there are
specifically designed shredders , pulpers , and incinerators
for this task. Pulpers are a superior process for security
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paper destruction. I~ecause cold pulpers do not destroy film
and plastic , shredders  an d incine ra tors are more general ly
used. Rec ’cling should be considered for shredded security
waste.

Incinerators are frequently used for disposal of patho-
log ical wastes and contaminated food. Incinerators are also
frequently used for destroy ing other types of waste , such as
packag ing or oily materials. Only the smaller package-type
incinerators are applicable to most bases. They tend to be
expensive per ton processed , and create air pollution control
problems . They do , however , offer several advantages (reduced
quantities for landfilling , e t c . ) .

Hydraulic balers are not generally recommended for Air
Force base applications except for concentrated , high
volume sources. Genera l ly ,  hand strapping appears less
cos t ly .  Hand s trapping is particularly applicable to corru-
gated recycling programs . The hand strapper (or hand baler)
tightly binds the corrugated with metal straps. Compaction
is not as high as with a hydraulic baler , but it is adequate
considering the cost savings involved. Hand strappers could
be used at many locations base wide . The strapped bale is
l i f t ed  by a f o r k l i f t  or wheeled o f f  on a dolly . No new
labor positions would be required for this type of baling.
Special bins and collection vehicles , as required with
cen tral  bal ing systems , would be eliminated . Instead , a
flatbed trailer would collect bales and haul them directly
to the salvage dealer.

RECYCLING

Some se~ aration and recycling of various waste items
are mandatory for all federal agencies , under recently pro-
mulgated EPA guidelines in these areas. Each base must
critically examine its waste stream and the market potential
for its waste items, and work with local representatives of
the Defense Logistics Agency (DLA) to determine if and how
some separation and recycl ing processes can be cost effec-
tive . These processes are not “end—all” functions , separate
un to themselves, but  func tions in tegra l ly related to basic
solid waste managemen t .

Because much of the civilian sector management data
available on this subject is nonapplicable to bases because
of unique Department of Defense (DoD) directives and regu-
la tions , and because many , if not all , Air Force base
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recycling programs (other than traditional DLA managed
act ivi ties) h ave f a i l ed  due to these DoD uni que factors , no
further management guidance is possible within this section .
DoD and HQ USAF guidance w i l l  be provided , in the near
future , relative to the requirements of the EPA guideli~iesand w i l l  have to be u t i l i z ed  to e f f e c t  optimum program
management in this growing functional area.

REGIONALI ZATION

Bases should act ive ly cooperate w i t h  regional  p l ann ing
and solid waste agencies.  Regional plans have been used to
implement  waste mana gement methods a t reasonable costs. In
add ition to poten tia l l y miti gating his own waste problems by
cooperating in regional solid waste systems , the best was te
manager can , by this involvemen~ , also favorably demonstrate
the concept of Air Force-communi ty partnership in achieving
mutually benefittinq goals.
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APPENDIX A

TABLI A - l .  LAN D DI SPOSAL EVA LUAT I ON SHEET

Points
Possible Site

A. EMPLOYEE FACIOF~

1. Facilities

a. Adequate shelter , hygiene facilities ( 3)~
b. Adequate shelter-mifliiT~al hygiene facilities ( 2)
c. Inadequate shelter , hygiene facilities ( 0)

2. Commun ications

a. Radio or telepI~ ne on—site 
( 2)

b. Tele~~one or radio within 3 miles ( 1)
c. No ccii~i~nications ( 0)

3. Accident Prevention and Safety

a. Periodic training given, equi~irent provided
with safety features, first aid readily
available on site ( 2) ——

b. Periodic training given , equiprent provided
with safety features, first aid avai lable
within 3 miles of site ( 1) 

—

c. No training , no first aid available ( 0)
d. Unsafe equiprent and/or practices (-5)

4. Fire Protection

a. Adequate water supply, local fire cciipany
available on call, open burning prthibited ( 3) —

b. Poor fire protections open burning prohibited ( 2) 
—

c. No fire protection, open burning allc~~ed ( 0)

5. Park inq Facilities and Access Road Conditictis

a. All weather , ad~~~ate parking ( 3) 
—

b. All weather , inadequate parking ( 2) —
c. Negotiable only in good weather ( 0) 

—

alndicates points to be assigned if ccndiU~~ is net.
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TABLE A-I. LAND DISPOSAL EVALUATION SHEET (Contthued

Points
Possib in Site

B. OPERATICNAL FACIOF~

1. ~eigh ing Facilities

a. Fixed or portable scales available on—site (2 )
b. Scale available near site (1) 

—c. No weighing facilities nearby (0)

2. Access Limited

a. Access by unauthorized vehicles and pedes-
trians prohibited and prevented (3)

b. Access prohibited except during day (2) —c. Unoontr~ d access to site (0)

3. Solid Waste Un loading Control

a. Controlled, area restricted (2) 
—b. Controlled, area unrestricted (1)

c. No oontrol (0)

4. Working Area

a. Size of ~~ rking area small, but adequate for
peak traffic (2)

b. Working area larger than necessary to handle
traffic (1) 

____c. Much larger ~~ rking area than necessary and/
or unoontrolled dun~~ing (0)

5. Waste Spreading and Ccxpacting

a. J~~fuse spread evenly and adequately catpacted (5)
b. F~ fuse spread, but not cxxtpacted (2)
c. No spreading or cxxtpacting (0)

6. E~pth of Waste

a. If waste cx~Tpacted in cells of 8 ft depth or
less (5) 

____b If waste ccirpacted in cells less than 12 ft
depth but nore than 8 ft (2)

c. If unccrrpacted or cells greater than 12 ft
deep
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TABL E A - I . LAND DI SPOSAL EVALUATION SHEET (Contin~~d)

Points
Possible Site

7. Daily Earth Cover

a. If cover material ~~ of good quality and is
conpact ed in unbroken layers no less than
6 inches deep (20 ) —

b . If cover material is of poor quality , but
is xxtpacted well (15) —

c. If cover is not earth material (e.g. , in-
cinerator ash) but is greater than 6 indies
thick (10 ) —

d. No cover provided (0)

8. InterrTed.iate Cover

a. One foot or greater thick, good quality (4 )
b. One f oot or greater thick , poorer quality (3)
c. One foot or greater thick , not soil (1)
d. No internediate cover or , if so, poor

application (0)

9. Final Cover and Grading

a. Minimum depth — 2 ft good soil and grading (8)
b. Minimixn depth - 2 f t  poor soil and grading (5)
c. No final cover , or poorly cx nstructed and

poorly graded (0)

10. Equiprent Maintenance

a. Maintenance facilities available on-site or
standby equip rent ready (2 ) —

b. Rout ine maintenance equiprent available,
service arran g~ rents made for major repairs (1)

c. Nonexistent or inadequate maintenance faci l-
ities available (0)

11. Hazardous , Liquid , and Bulky Waste Handling
Provisions

a. Procedures adopted for handling hazardous ,
liqui d and bulky products (4)

b. Hazardous ~nd liquid wastes excluded from site (1)
c. Such materials accepted without special

handling provisions (0) —-
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TABL E A-I. LAND DISPOSAL EVALUATION SHEET ( Continued )

Po in t s
Possible Si te

12. F~ cord Syst ins

a. Conplete iai ly records maintained e . cj. ,
type of waste, location of deposition, total
weight , nunber of vehicles served (3)

b. Inadequate records kept (1)
c. No records maintained (0) —-

C. ENVI RNNEI~TFAL FACIOF~

1. Blowing Litter

a. Fences or other barriers cx~rtrol blowina litter (4 )
b. Sone 1i~ ’ control exercised , but results poor (2) 

—c. No controls established (0) 
— —

2. Burn ing

a. No burni ng allowed any tine (3)
b. Burning allowed (0) 

——

3. Salvage

a. No salvage at disposal sit~ proper (3) 
—

b. Controlled salvage practiced (1) 
——c. Scavenging allowed (0)

4. Vector Control

a. Not practiced because unnecessary (2)
b. Proper vector antrol supplied (1)
c. Vectors (rats, flies, etc. ) present , but no

control (0)

5. Dust Control

a. Not requi red , or suitable control neasures
are supplied (2)

b. Control provided, but inadequate (1)
c. Necessary , but not provided (0) 

____
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TABLE ~-L. LAND DISPOSAL EVALUATION SHEET (Concluded)

Points
Possible Site

h . Placeirent of Solid Wastes in Groundwater

Refuse p1ac~~ent above high groundwater mark 
(5)

b. Intermittent ccntact possible (3)
c. Refuse deposited in water (0)

7 . Surface Drainage

a. Surface waters diverted from fill area; no
pending present (6)
Occasional water runs onto surface (4 )

c. No surface water control, cover scouring and
erosion (0)

8. Animal Feeding

a. No animal feeding allowed, fencing provided to
prohibit animals (2)

b. Animal feeding allowed (0)

a
GRPND ~~1FAL

a. Score of 85 is rated acceptable by EPA
Score of 70-85 is rated marginally acceptable
Score of 55-70 is rated minimally acceptable
Score less than 55 is rated unacceptable
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APPENDIX B

TABLES AND FIGU RES ON PRODUCTIVI TY ,
COST COMPARISON AND EQUIPMEN’I SELECTION NEEDS

TABLE B-i. BEST KNOWN PRODUCTIVITY PERFORMANCE IN 11
RESIDENTIAL SOLID WASTE COLLECTI ON SYSTEMS

TABLE B-2. TIME TO COLLECT FRONT-LOADING BINS

Figure B-i . Resident ia l  Collection Ti me - Cans and
Disposable s

Figure B— 2 . General Method of Determining the “Break-Even ”
Distance for Transfer Stations

Fi gure B- 3. Cost Comparison : Transfer vs Direct Haul

TABLE B-3. COSTS OF TRANSFER SYSTEMS : BALING VS CONVEN-
TIONAL DI SPOSAL (197 4 )

TABLE B-4  LANDFILL EQUIPMENT NEEDS

TABLE 13-5. APPLICABILITY OF LANDFILL EQUIPMENT TO SPECIFIC
TASKS
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TABLE 13—2. TIME TO COLLECT FRONT-LOADING BINS

First Bin at Site 2 .1 M m .

Subsequent Bins 1 .7 M m .

a 
Inclu des idle t ime due to sp ills , exclu des travel time , and is for crews on the task in-
cent ive ( i . e .  wh en their dail y tas ks are comp lete and inspected).
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Direc t Haul Transfer
More Economkal More Economkal

C

~ak— Even ’ Distanc e

Costs For Transfe r
Station & LonVI g Haul r~~”~~~~

Direct haul by
Costs for

— 

/ Collec tion trucks

Operating Costs J — — —

Of Transfe r Station

_____ — 

Haul Distanc e — Miles

Source: Hagerty , D. J. , et al , Sol id WasL~ Management,Van Nostrand , New York ~~~~~~

Fiqure B—2. Gener a l Me tho d of Dete rm i n i n g  the “Break-Even ’
Distance for Transfer Stations.
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TABLF: B-3. COSTS OF TEANSFER SYSTEMS :
B A L I N G  VS CONVENTIONAL DISPOSAL (1974)

St. Paul San Diego Conventional
Baler and Baler and Disposal
Transfe r Transfe r and Transfer

Densities in place 2000 2000 800-1200
(lbs/yd3)

Costs (per ton)
Lond Acquisition a 

$ .90 $ .90 $1 .80
Landfill Operation .981) 3 .20
Baler Acquisition & 3.90 6.22 --

Operation
Conventional Transfer —— -- 2 .00

Station Operation dTransportation to Fill 1 .22 1 .22 2 .25

Tota l Cost (per ton) $7 .00 $8.62 $9 .25

Assumes a site 100 yd. X 100 yd. x 1’) yd. deep acquired ~ $9/sq. yd., or $!0,000
for the site .

b Very conservative (high) figure in that the plant is operating at 65% utilization and
with a 137—second cycle machine (90-second cycle machine is the current production
mode l)

C 
Very conservative (high) figure in that plant is currently operating at 67% utilization.

d 
No data available——same figures as St . Paul used based on similar densities .

Source : Decision Maker ’s Guide in Solid Waste Management,
Of f i c e  of Solid Was te M~Iiagement Programs ,
IJ.S.E.P.A. , 1974.
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APPE N D I X  C

COM PARISON OF SOLID WASTE SYSTEM S CHARACTERISTICS
FOR FOUR A I R  FORCE BASES

As indicated in the Introduction , the op t imi zat ion
methodology described in th is report was ori gi n a l ly applied
to four  A i r  Force bases : Kel l y Ai r Force Base (KAF B ) ,
Texas; L. G. Hanscom Air Force Base (HAFB) , Bed ford ,
Massachusetts ; Van denberg Air Force Base (VAFB) , Lompoc ,
California; and Charleston Air Force Base (CAFB) , Charles-
ton , South Carolina . The following selected information
resulted from that four-base study and is presented for
relat ive comparisons and sources of reference for other
bases conduct in g comprehensive wa ste manageme nt studies.
Not all results of the original study are included here
because many pa rameters are too site/base specif ic  to be
generalized.

SOLID WASTE EMIS SION FACTO RS

Solid waste emission factors are solid waste generation
rates , each expressed in terms of source characteristics
(Table C—i) . Data on solid waste volume in cubic yards and

wei gh t in pounds per week were ob tained dur ing  the base
su rveys for  typical  sources and ac t iv i t ies representat ive of
/\ir Force base functions and operations. Included types are
office , commissary , BX , motor pool, aircraft maintenance ,
shee t metal shop, bowling a l l e y ,  golf course , and other
fa c i  lit ies.

Source characteristics were defined for each base
function in terms of readily obtainable source parameters.
Source pa rame ters commonl y ava i lable f rom normal base records
were number of personnel , services performed , dollars of
sales , and floor space of facilities. The following parameters
were used for  the major  source groups : res ident ia l  units ;
commercial - area in square feet, number of employees ,
dollars of sales, number of meals served; industrial type
activities — number of workers , area in square feet; special
type activities - hospitals by number of patients; and
street and runway sweeping in square yards.

P r e s e n t a t i o n  of Factors. Emission factors are presented
based on weekly wei ghts and volume of waste per defined
uni t. The tabulated information includes the major base
functions normally tested by the Air Force for use in preparing
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environmental impa ct reports, designing waste systems for
new facilities , as w I ll as evaluating other existing bases .
Table C—l presents the average emission factors and range
for the four ba~-;es. This data summarizes emission fact’rs
and i n d i c a t e s  the  observed r a n g e s .  The factors are derived
f rom actual volumes and ei ther measured or derived weights
of s to rage  b ins . Thus , only facilities with their own
stora qe containers , not shared with other facilities , were
used to e s t a b l i s h  e m i s s i o n  f a c t o r s  f o r  each type of f a c i l i t y .

Evaluation of Factors. Residential emission factors
wer~’ in close agreement among HAFB , VAFB , and CAFB fo r
single family housing units: 64 to 69 pounds per unit per
week . At KAFI3 , s in g le f ami ly ho usin g var ied  amon g a rea s
from 89 to 51 pounds per uni t accordin g to the rank of
personnel residing in the housing areas.

Residential Prr~ ss ion f actors for  mul tip le f a m i l y  hous ing
varied from 49 ~. i 5  poun ds per uni t a t  KAFB and HAFB ,
respectivel y .  Wide variation can be explained by the dif-
ference in rank and the difference in regions. Other bases
had no high-density family housing.

Commercial  and Indus t r ia l  Emiss ion  Fac tors Va ried
Gr~~~ J~ Between Bases. No consistent errors biasinq the
measurements were noted. Instead , random d i f f e r e n c e s  occur
among the types of faciliti es; on any one base and between
bases . Bas i c  d i f f e r e n c e s  are  a t t r i b u t a b l e  to d i f f e r e n t
building construction , efficiency of each building ’s occu-
pants , materials handled , and regional differences.

The waste  g e n e r a t i o n  per person va r i e s  si g n i f i c a n t l y
among th e d e f i ned types of sources. The wei ght of waste per
dol la r  sales varied among commissar ies f rom 63 pounds per
$10,000 sales at FIAFB to 2 3 3  pounds per $10 ,000 sales at
KAFB . Variations also showed up between sources at Offutt
A ir  Force Base , as reported in a previous study (AFWL TR-73-
4, A ir force Base Solid Waste Management Study). These
l~~rge variations in emission factors makes their app lication
to other  base s ~uestionable excep t fo r s ing l e fami ly
re s idenc - .; -

SOLID WASTE DENSITIES

Solid waste densities are presented by types of sources
in Table C-2. The basic procedure used to develop densities
was to divide weekly weight by weekly volume . There is
reasonably close agreement among bases , but the def ined
types of sources varied in density.

74



cr
o~ -‘0 0 N.. 0 

~~ 
0 

~~
4 ~~~~~~~~~~~ ON . .  

~~- 8~ 
4-I 

~~ . 0~~~~~~~~ 2
U I C )  — 

~~~~~~~~~~.~~~N .c  ~~~~~~~~~~~~~~~~~~
J . .0~~0 ~~~~C~)  C’4

I 
c~’~) ‘0

E (N Co CO CO 0 LI) Q (N

~ :~ 
0 0 d 0 0 0 0 I 0

E
“ E ‘0 (N

0’ CO N.~~~~~~~~ CO LI) g
~ Lfl~~~~Ø

o 0 ,~ 0 ‘~~ ‘ ~~
- — .— ‘— 0 —  I CO

F’

(U— I (N

I ~~~
- N. CO ‘1) CO 

~~~ 
0 C’) 0’. .- 0’

I 0 ‘— (N C’) 0 - 
‘— 0 0 0 0

i—I I >
Cl)
U)

E

~~. 
‘I,
. 

t t ) C O C O  — C o
N.. ‘.4’ ‘0 LC> -~~ F’-. LI) ~~~

‘ 0
~ L C — C’) ~~ (N Co (N C’) C

CO .— 0
F’cr~ ~t~~— CO

E

a 0~~~~~ U LI) - ‘ o 0~~~’o~~~c~:~ CO ’ C)8 (N .— 0 LI) 0” — (N 0 LI) . —
(N LI) LI) ‘.4- IC) LI) 0’ ‘.4 ‘.4’ COo ‘-.~. -~~ ‘~~ CX) ‘.0 Co — (N

(I) 
-~~
—‘ C) LI) 0”

‘1 -‘0 C OW) CN o’~~~~~~~~~
so ‘.4- CX) .— Co -o -o — LI) CO 0 C”)

> ~~
- ‘.4 ‘0 -O N. C’) C’~) 0 (-‘1 ‘.4- 0’.

4 (N (I) (N (N ~~
.

C
nfl 0

o 0) -~~~ C 
-
~~

8— 0 >.. ~~ 0 41)
D 0 Eu_  -— 4.. 41) ._ ~~ ~o -~.-o 0 > LI) “ 0

nfl D — 0 ~— 41) 
~ 

V~ o 0 -‘- 41) 4— .C
‘-.-- _

~
- _~~

_g
~- ~. 

.
~~ 

v) U~~~~~~~~~~C : ~: ~~~~~~~~~~~~0 
~~~~~~~~~ E .

~~ — a.. o ~
- 

~o
~, ‘- 0 L 

~ 
“ ,.o 0 U

~ t3 ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~4— . -  0. 0- a  . . - Q~~~- ( N c ~
) (U

(N C’) ~~ - LI) ‘ O N .  Co 0’- ‘- — ‘- —

75



I E lI H

~~~L~ J
C)

‘2
‘-4 j C )
0
C 1 00
U

1<
E

U ~E
- 0 0  0 0 0 0 0

0 —
CU) 0

‘4- E CO
o 0 D IL

~
‘ E C”)

- ‘.4- IC) -o ~~ —0 LI) 0’0-~
>1 ~~~~~~. d  d

U LI) .0 -0
(1) (N ~C) 1!) —0 (N — LI) -~~
0
— o 0 0 0 0 ‘— (N 04:)

0 >
4

U
E ~~~

~~~ .— IC) N. (N Co

I E  -~~d~~~~z -~~‘:~ 
—o 

~~~~~
--‘ 0 0 0U) 

CO CO
0 E LI.I—I (U(U IL

0 E s o >~~~~~~~~~~ N 0

8 J X  N O C O  N.. N.
0 ( N - O  0 N. N.

(N ‘0

C O ( N  0’- — 0 —  0’-
‘ 2  • . .

a 0’~~~ CO ~~~ ‘0 0’ ‘.4 0
~) — C’) Os If) — ‘0 ~~ ‘.4’

— CO
-3 

_ _ _0 U)
U)

CL,
o t

0
a.>‘ a. 0

~ 0
LI>

41) 41) C
— 0) (UU c

‘-I ~ C 0
41)

~~~~~ > a o ~~ —~~~~8- — C
~~~~~~ c ~~~ W

I ~~~~~~~~ •a.
~ E .ro

U C )I .t ~~ 0 LU -s- c
c1I <~~~~~~~~~ c~~~.EU O OQ

CL1 >“i

I 
w

I ~~ 0 .a It) -o N. Co 0— 0U) — .— (N (4)

76



El
D 

LI’) N., ~~~ ~~ I I LI) CO I I (NE 
‘ ~~ “0 ‘-0 N. I I 1t) Co I I 0”

—~ -E l
-

~

-J 
I N-. Co CO 0 0 4 I 0 C”) I I “0

~ 

~~~ E 
~r> Co C”) LI) Co I I It) Co I O~

> 
.-;

~ —

.4— 
‘~~

~; -~~~
C -~a) a)
C) a

0 ~ N. 0 0 0 — CO ‘~~ CO LI’) 0 ‘~~
~ 0 Co 0 Co 0 —0 0 0 CO 0 ‘.4~ 0’.
> ‘- — —

— t
D 0 (U0 a.

U) a)
(U , z a. U

4-- C ) (,/) -gQ) ‘.1‘- > 0) a. ‘—0 Q~~~~~~c
~~ 

~ 0 a. -
~~ ~~

I- Q. nfl ØL5~~~~~~~~~~ LI) 0).
-C .~~~~ c _ i —

0 )41~~~~, 
~ 

0 
~~ 

1.. 
~~~ .— . 00 C 

~ C (1) LU ~~ ~0- 0C ) e ä~~~~~ ~~~C o -
~~ o ~~~~~~~~ o c Q ~~~a. 0 0 0 - .— • o-4 >_ -fl 4) 0..

U ~~~~~~~~~~ ~ O~~~~~~
’
~ 2 ~ ~~~ 4)UUo..a.t/)

U
U

C’.) Co ~~ LI) ‘O N. C o O ’U) — — —E—’ 
_ _ _ _ _ _

If) — ___________________

C
5
E Co ‘.4’ ‘0 0 — Co ~O 0 Os- CO Os- ‘.4a - - CO 0— — ‘0 (N -O C’) (N “0 LI) “0C —

o
E

E — Os (N 0 — N. 0 Co CO N. 0 0
- LI) C’) N. ‘.4 0 ‘0 CO It) It) — (N (N

U

U)
C

U) (1) 41)
C) a

2 CO N. N. 0’. It) CO 0-. N- LI) CO CO
(I) ‘.4 (N (N Co 0— N. N-. N. Co CO Os-
>

41) 0)
“ C

>—
— a)

~~ 
>,_ 

~~ .8
D ~~~~~~~~~ 

C
o C E L L -~ ~~~.9 0)LI) 

~~ 0

8 
u.. ~‘ 2 V. 4) C 4-

4- 4)o 4) a. ~~ ~~ 
.

~~ ~~~ ~- 
-o

(1) - CO — 0 V. -- V.4) 0 0 4- 4) 
~ 0

..a
41) 41)

a . 0 X  o 8 4-. C CI L a C ) C O U I L vO~~~~~~~~_~~~ p p
—

77



Waste ç p ~~~~~~on. Tal le C— 3 oresents overall waste
composition for resT~Tential , commercial , industrial , and
roads and gro in~Is. The table summarizes data present~:’d in
the four base reports. Differences are  expec ted  due to the
same local conditions that affect the emission factor~~. The
variation in residential solid waste is apparent. Care is
needed when app ly i n g  emiss ion  d a t a  to new l o c a t i o n s  s ince
generation data seem to be only partiall y transferable due
t o  c l i m a t i c , t e c h n i c a l  a c t i v i t y , and o ther  local v a r i a t i o n s .

PRODUCTIVITY

A number of time and dollar measures of productivity
exis t . Wh i le these meas ures are only super f i c ial descr ip tions ,
the i r emphasis on labor time an d dollar costs make them the
main interest of management. They present information on
pr esent  e f f ic iency  and give ac ti v i t ies need ing  future improve-
me n t.

Residential Collection Productivity . Residential pro-
ductivity is presented in Table C-4. On the four bases dif-
fere nt typ es of collec tion h ave been described , and two
municipa l system productivitie s are also presented. Containers
rer stop and pounds per stop are given and basis for comparing
the systems listed in the table. The collection methodology
at  the a reas  were g e n e r a l ly  s i m i l a r .  One d i f f e r e n c e  is due
to the f a c t  t h a t  the Ai r  Force bases and m u n i c i p a l i t y  number
one collect  twice a week , w h i l e  m u n i c i p a l i ty number two col lects
once a week. The Air Force base collection systems are rela~~ively
expensive and have low productivity . This results from backyard
coll ection , the twice-a-week collection frequency , and lack of
incentives.

Fron t Loading Collection. Table C— 5 presents productivity
for front loading units. The high man—minutes per ton at
Kel l y and Vandenberg Air Force Bases stem largely from three
factors : (1) The use of two—man crews , (2) the lack of task
ince n t i ve  sys tems , and ( 3 )  the c o n d i t i o n  of the collection
I~quinpent and the old storage bins. Conversely ,  the contractor
at ‘hi: leston Air Force Base used newer bins , employed one—man
collect ion c rews , and provided a work task incentive by allow-
in g th e wor k ers to leave when f i n i s h ed .

Hoist Bin Collection . Table C-5 presents productivity
measures for hoist bin collection . Travel time is not in-
cluded so that measured operations are uniform at the bases.
The collection cost per ton is for all hoist collection oper-
ations. A major conclusion is that hoist collection costs
we re u n i forml y qreater than alternative front—loading collection ,
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TABLE (‘-4. COMPARISON OF COLLECTION PRODUCTIVITY AND cos~
r Force Bose

ctivity lte FA~~~J
CAFB VAFB J HAFB jMunidp~

an-m m -Residentia la 
(m

Backyard 186 80 98 96 --

bCurbside 83 -- —— —— 38
Cost ($/ton)

Backyard 117. 40 20.30 24 .78 37 00 --
Curbside 117.40 -- -- -- 13.48

Front Loading Bin man—m m . 50 7.7 22 None None— ( 
ton 

—)
Cost ($/ton) 14.42 50~17 c 26.43 -- --

___________ 

man-mm . 20.5 None 16.9 24.0 NoneRear Hoist Bin 
~ ton

Cost ($/ton) 35.84 None 43.8 28.11 None

a G I  cans.

b ln dic tes this method not used .

C BaS d on the contract cost.
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TABL E C-5.  BIN COLLECTION PR0 DUC’PI V ITIE S

Hoist

Front Loading Man—Mm /ton -
Base Man-Min/ton~ $/ton Exc l.Hau lbllncl .Haul C $/ton

Kell y 50 14. 42 4.9 20.5 35.84
Charleston 7.70 50 17d -- -- --

Vandenberg 220 26.43 6.3 16.9 43.80

Hanscom -- -- 7.7 24 .0 2 8 . 1 1

a Excludes time haulin g to/from disposal site, downtime, idle.
b 

Excludes time haulin g to/from disposd site downtime and breaks.

c Exc ludes time for downtime and breaks.

d Thi s high cost i s  found by dividing the annual contract cost for commercial/
i ndust ria l servi ce by the number of tons collected per year, and so it includes
storage container waste ,
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62 ABG / DE 1 366 CSG/DE I438 ABG/DE 1 354 CSG/DE 1
63 ABG/D E 1 57 CSG/ DE 1
317 CSG/ DE 1 4 CSG/DE 1375 A BG/DE 1 363 CSG/DE 1
349 ABS / D E 1 6940 ABG /D E I
15 ABW / D E 1 AFCEC / SU 1
1843 Elect Cngr Sq/DE 1 436 AII G/ DE 1
1978 CC/DE 1
24 CSG/DE 1
43  CSG/DE 1
2 CSG/ PE 1
1 7 CSG/DE 1
97 CSG/DE 1
~ CSC/DE 1
93 CSG/DE 1
03 CSC/DE 1

~~~~ 
( : S I : / l ) F  1

44 CSt ,’DE 1
90 CSG/DE 1
92 CSG /DE 1
321 [SC/nE I
l I t  (s(;/DL 1
1 1(1 (‘~(;/!E I
49 csC/DE 1

I . CSG/IIF 1
4-2 1 CSC/DE 1
4 52 CSC/DE 1
381 (:S (;/nf 1
91 CSG/DE 1
3962 ABW/DE 1
509 (:-~t/  nI 1
380 ( S I / l I E  1
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