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PREFACE
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through Apri l 1977 by the University of New Mexico under contract F29601-
76-C-00l 5 wi th DEl 1 (CEEDO ) HQ ADTC , Air  Force Systems Command , Tyndall
Air  Force Base , Flor ida 32403. Capt . Robert F. Olfenbuttel managed the
program.
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INTRODUCT ION

BACKGROU ND

F rom 1973 through 1975, a study was conducted at the Civil Engineering
Research Facility (CERF) to evalua te the usefulness of the IBM Vehicle Sched-
uling Program for scheduling refuse collection at Air Force bases. This study
Indicated that reductions in manpower and total mi leage of up to 20 percent
could be obtained in some cases. The large amount of human effort required
to put the routes produced by the IBM program in a useable form led to the
developuent of the CERF Refuse-Collection Scheduling Program (RCSP). This
program produces a printed schedule and maps that can be used , wi thou t modi-
fication , by the driver of the collection vehicle or in reports.

OBJECTIVE

The objective of this report was to use RCSP to determine optimum refuse-
collec tion schedules for four Air Force bases. These test bases provide enouqh

variety in refuse-scheduling problems to allow a determination of the program ’s
range of applicability and , ultimately, an evaluation of its potential for use

on a l l A ir Force bases.

SCOPE

This report presents the results obtained when RCSP was used to schedule

refuse collec tion at Fa i rchild Air Force Base , Washington. The data requi red

for scheduling are described briefly. The origina l and new schedules are coin-
pared. Since the new schedule requires only eight collection trips , while the

or igi nal required ten, a procedure for verifying and implementing the new sched-

ule is g iven. The origina l and the computer-generated routes are presented on

maps and as printed schedules.

S
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SECTION I I

DATA RE QUIREM ENTS

The data avai lable for lai r c h il d Air Force Base include six naps. One
m a p  shows the area surround ing the base wi th  the locati ons of Ge iqe r Heights

- ‘ and Geiger Base m arked . Two other imiaps show enlargements of on-base housinq
area s • while the remna m l  nq naps show enlargements of Ge i qer 1k’ i qhts and Ge i qer
Gas e . The or iq ina l routes wi th in the housing areas are marked on the naps.
In add ition to the maps , the fo l lowing information was provided :

unloading time at the landfill is 15 minutes ,
.
‘
. the speed l i m i t  on base is 30 m iles per hour outside

of hou si nq areas and 1 5 in ii c s per hour in hou SI ny areas ,
3. a 10-cubic-yard vehicle services 70 houses ,
4. the col lect ion vehicl e travels at 5 miles per hour in

the housing areas while col lect ing refuse ,
5. the vehicle stops for I in i nu te per house, and
6. the veh i c I e averages 45 mi les per hour between off -base

housing area s and traveli ng to the landf i l l
Ten ~‘ou tes Were indicated on the maps. To obtain computer— genera t ed maps and
a schedule for these origina l routes , information describing the routes was
U sed as inpu t to program PHAS E4. The schedule and naps thus obtained are pre-
sen ted in Append i xes A and B. On Lhe f irst page of na ter i a 1 in Append i x A ,
the sec t ions orrespond to the fina l tr i ps. The section numbers on that page
can be found on the route sun~narv on the second page , in the colu m n marked
SEC TION(S) .  Thus . section 5 Is serviced by tr ip 1 of route 3. The sect ion
numbers arc useful to the person running RCSP , hut not to the vehicle drivers
so only the pages inc lud ing and fo l lowing the route summary would go to opera —
tiona l personnel.

The page of outpu t preceed ing the route summary in Appendix A indicates
tha t 196 fam ilies are serviced by the trip to section 5. This information

conflict s wi th the information that. accompanied the maps (one vehicle services

onl y 70 houses), so the smaller number was not used . The oriq ina l routes
showcd two trips on Cedar Street between Paliim Drive and South Maple Street

S
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wi th no Indication as to which trip collected the six households on that por-
tion of Cedar Street. If these households are collected by the trip corre-
sponding to route 3, trIp 2, instead of route 3, trip 1 , then the largest
capacity trip services 194 households. If each of the two trip collects one
side of Cedar Street, the largest capacity trip would service 193 households.
Although the latter is unlikely to be the case , the vehicle capac i ty was set
at 193 households for safety ’s sake.

RCSP consists of four computer programs : the data-checking program
(RCIN PT), the section-assignment program (PHASE2), the route-traversing
program (PHASE3). and the route-map- and schedule-generating program
(PHASE4).

The RCINPT data consist of six records: Street names , size of output
maps , and four descriptions of input mnaps . The third record describes the
streets connecting Fairchild Air Force Base to Geiger Heights and Geiger
Base, withou t any details of the housing areas. The actual data cards are
listed In Appendix C.

Data for PHASE2 consist of only five cards: a title card , the vehicle-
capacity card , the time-limits card , and two output-map size cards. These
data cards are as follows :

FA IRCHILD AF~193.
.~
, 15. 1• •

.8 2 .8  10. 3.5 5.5 10. 10.
8. 10. 10. 1. . 20. 10.

The required input data to PHASE3 consist of only two cards: a title
card and a card giving the node numbers assigned to the landfill and the
garage . Twenty-one optiona l cards were added , each reassigning a street
segment to another section . These data cards are as follows :

FA I RCH ILD AF 8, WA
1800 72b

22
34,
Jb S
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‘ii F
52 7
56 7
75 F)
57 8

• .. 43 8

61 8
8

66 4.

5
10 2 3
113 3
i t F  2
11? 2
137 3
139 2
188 1.

Segments 34, 116 , 117 , and 139 were reassigned because the close approximation
of street shapes had caused segments of a single street to be assigned to dif-
ferent collection trips. If a coarser shape approximation had been used ,
these streets would have been shown as single segments , and the problem would
not have arisen. The reassignment eliminated the need to use two trucks to
service a single street. Segments 22, 102, 113 , and 188 were reassigned be-
cause they were somewhat remote from the other segments in their sections.
The remaining reassignments were m ade to keep the loads in each trip from ex-
ceeding the vehicle capacity . Because each trip comes very close to filling
a vehicle , it was often necessary to reassign several segments to remove an
overf low condition caused by the reassignment of a single segment.

The three data records for PHASE4 are listed in Appendix D for the orig-
inal routes and Appendix E fof the RCSP routes. The first record consists of
a title card , a card giving the unit of refuse measurement, two time -limi ts

cards , and a vehicle -identification card . The third record consists of
cards describing the paths in each of the routes. For the final routes, this
information normally is passed from program PHASE3 to PHASE4 on disk or tape,

S
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but since a minor change was desired in the fina l routes , the data were punched
onto cards , modified , and included as card input to program PHASE4. The minor
change invo lved replac ing travel along Harder Pl ace and Wor tman Dr i ve in RCSP
route 4, trip 2, by an equally l ong but more direct route along Maistrom Drive .
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SECT ION I II
EVALUATION OF COMPUT ER-GENERATED SCHEDULE

The origina l refuse-collection schedule for Fair child Air Force Base re—
quired 10 trips to service all of the houses . The total mileage for the 10
trips , as estimated by PIIASE4, is 272.6 miles. The computer-generated schedule
requires only eight trips and covers a total distance of 264.4 miles . Thus ,
the computer-generated schedule decreases mi l eage by 3 percent and number of
trips by 20 percent. The computer-generated schedule is given in Appendix F ,
and the corresponding maps are presented in Appendix G.

7
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S E C T I O N  IV

IMPLEMENTATION RE QUIREMENTS

RCSP assum es that any two vehicles of the sa m e capacity could service the

same num ber of households. Therefore , the two most immiportant pt-el imninary ver-
if ications are tha t 1) the maximn umn num ber of households serviced on one tr ip
has been correctly deter mn itc i and 2) the veh icle involved is al m ost always

capable of completin g its route wi thout overfi llin g . For Fairchild Air force
Base , the heaviest col lection trip is labeled ROUTE3 , TRIM in the orig ina l
route suninary in  Append ix  A . The vehicle invo lved was found capable of ser-
v icing 196 households. In the routes produced by RCSP , the longest trip ser-
vices 192 households , so it need only be veri f ied that a t  least l9..~ households
are serviced by what is currently the 1 t ’~ est -capac ity tr ip. If 196 households
are actual ly serviced , there should be no problem wi th  the vehicle over f i l l ing .
If none of the current trips service at least l9.~ h o u s e h o l d s ,  corrected route
information should be sent to the Civ i l  and Env ironm enta l Lmiq ineer inq Develop-
ment Off ice so the capac ity can be determined accuratel y and the program rerun .

If the trip described as ROUTE3 , TRIP1 does service approximatel y 196 house-
holds , then the new schedule i n Appendix F and the maps i n Appendix G w i ll he
su i table for implementation.

If the scheduling is under Air Force control , the new m a p s  amid schedules
can be g iven to the person in charge of scheduling . If a con tractor is re-
sponsible for scheduling and refuse collection , the new m aps  and schedules
may be given to him ii ; the savings in mnileage and number of trips should pro-

vide incentive for im plementation . When the refuse coll ection contract goes

out for open bidding , distribution of the computer-generated schedule nay pro-

duce l ower cost estimates .

S
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