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I. INTRODUCTION

N CONDITIONS WHICH PROMPTED THE STUDY

~y

The demanrd for radiological examinations at Munaon Arwmy
Community Hospital (MACH)Y, Fort Leavenworth, Kaisaa, routinely
exceeda the capacity of the Radiology Department becausa of an
ingsufficient number of functional examination rooma. Patients
and physicians complain about excessive waiting timea for
x-rays. Large backlogs of requests for fluoroscopic end other
special radiclogical examinations are common. Scheduled
appointments for these examinationa are often booked for more

than a month in advance. A new sacheduling policy was initiated

in Octobar 1965 in an effort to hold the backlog of examination
raquests to an acceptable level. Physicians ragquesting
exarinations are to dosignate the maximum time the patient can
wait for an appointment., I£f an appointment is not available
within that time period, the patient is avtomatically sent to
another hcospital--usually the Veterans Admiuistration Medical
Ceantear (VANC? in Leavenworth or the Kansas University Maedical
Centar (KUNC) in Kansas City--to undergo the examination. MACH
paya for these examinationa with Supplemental Care funde. - ,;i/'/?}
Whan the proposal for this study was initially developed in
May 1985, MACH had two functional examination rooms eguipped
with General Electric and Siemensa x-ray machinea. A Phillipa

x-ray machine was on hand for placement in a third room which




was to have baen completed by June 19835.

NACH expected the addition of a third examination room to
reduce patient waiting time, tha backlog of axarmination requeats
and the expenditure of Supplemental Care fundas for examinationa
at other facilities. However, the benefits of tha Radiology
Despartment’s expanded capac’ty were to be short-lived bacause of
the Electrical-Hechanical Upgrads (EMU) project at MACH,
Raenovation of the Radiology Dapartment under the ENU project is
acheduled to begin in August 1986. The axsamrinstion rooms are to
be closed for renovation, one at a time, for a period of three
montha each. As a raesult, the Radiology Department was axpected
to sgain function with only two examination rooma from August

1986 to HMay 1987.

NACH navaer attained three functional examination rooma.
Numercus problema, including an inadegquate site preparation
survey and the bankruptcy of a contractor, delayed the
conatruction of the Phillips room. To makae matters worze, the
Sienensa machine broke down in Cctober 19835, leaving MACH with
only the General Electric machine fuiictional. The Siemens
machine had a histcery of frequent mechanical failures, and
repairs to mxke it fully operationzl would have cout %40,000.
Since a replacement for the Siemens machine was already
programxed in the Medical Care Support Equipmant (MEDCA: E)
program, it was decided not to repair the Siemens machine and to
expedite procurement of a replacemant machine. Delivery and
installation of a Picker x-ray machine to replace the Siemens
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machine was axpected by NMarch 1986.

Problems with room construction and instsllation of the
Phillipa machine and delaya in tha procurement and installation
of the Picker machine have coantinued since October 198%. The
Phillipa machine is now expected to l!e operational in June 1986.
The Picker machine ig axpacted to be operational by Novamber
1986.

The Radiology Department has functioned with only the
Gaeneral Electric x-ray machine since October 1%85. Although the
Phillipa room will bes operational in June, it will ba closed for
the ENMU renovation project in August, so tha Radiology

Department will again function with only the General Elactric

ng &s months of the
Phillips and Picker rooums will be operationsl during the second
thres-month period, and the Phillips and General Electric rooms
will be opasrational during the finsl three monthas of tha
projesct.

Durirg the ENU project, the backlog of examination requests
will atil]l bs controlled by the policy that automatically sends
patients to other hoapitals when an appcintment is not available
within tha time frame specifiesd by the physician requesting the
examination. MHNACH wanta to minimize the oxpenditure of
Supplemantal Care funds for radiologiceal examinationa by
maximizing the number of examinations done in-house, However,
the hospital does rot want to do so many examinations in-house

that the petient waiting times are excessive. The Readiology

3
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Department needs an examination scheduling method that minimizes
expenditures on examinations done at other hoapitale and

adequsately controls waiting timas for examinstions done at MACH.

PROBLEN STATEMENT

To datermine the optimal method of acheduling radiological
examinations during the electrical-nechanical upgrade (ENU)
project at Munaon Army Community Hospital, Fort Leavenwvorth,

Kansan.

OBJECTIVES

1. Analvze the current method of acheduling rsdiological
examinations.

2. Quantify paraseters that describe the current. oparation
of the Radiology Department.

3. Eatimate the radiological workload that is expected
during tha EMU projact.

4. Identify the constraints that are axpected to affsct
the service capabilities end axemination scheduling methods of
the Radiology Department during the ENU project.

3. Based on a literature search and consideraeation of the
information obtainad above, idantify alternate examinstion
achaduling methods.

6. Esatimats the longeat average waiting time thet is

axpacted Jduring the EMU for patients erriving within a one-hour
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perind, given the alternata acheduling method.

7. Given the consatraints associated with the alternate
acheduling methods, use linear programring to detarmine the
number and mix of examinationa to be schsduled at MACH that will
mninimize the expenditura of Supplemental Care funds for

exaninations to be performed st other hospitals,

CRITERIA

1. The optimsl scheduling method will result in a longast
expected avarage waiting time for patienta arriving within a one
hour period that iz less than or equal to the maxirum acceptable
average patient waiting time set by the Chief of the Radiology
Department. This Ciriterion Lakes prscs
criteria.

2. The optimal scheduling method will schedule the number
and mix of examinstionas to be done at MACH that will result in
the lowsst projectad expenditure of Supplementel Care funds for
exarinations to be performad at other hospitals as determined by
linear programming.

3. If projections indicate that more than one alternate
scheduling method will sccomodate the entire projected
exanination workload, the optimal scheduling method is that

method which, in the opinion of the Chief of Radiology, is the

most convenient for the Radioclogy Department to utilize.




ASSUNPTIONS

1. Staffing levslas and the productivity of perssnnel in
the Radiology Department will not change saigaificantly froa
their current levals during the ENY projsct.

2. There will be no major changes in the radiological
equipment utilizad.

3. Data concerning the time required t2 perform a given
procedure with the General Electric machine can be applied to
the Fickey aud Phillips machines. This assusption is neceasary
bacause the General Elactric mechine will be the only machine in
cperation during the atudy period.

4. Unless it ias altered by the alternats scheduling
nethod, the hourly patteérn of patient &rriva'ls in thas Radiclegy
Departaent will be the same during the ENU projact as that

observad in the study period.

LINITATIONS

1. The atudy is limited to investigating changes in the
aeth~d of schaduling radiclogicel exarinations. The study will
not address measures to increass the productivity of the
individusals in ths radiclogy cepartiment.

2. For a given method of scheduling examinations, the
estination of the sxpocted average waiting times during the ENU

(Objective 6) would idsally be determined with s queuing model
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or computer simulation.l The complexity of a queuing modal
that would be applicable to thia atudy precludea the use of the
aodz]l by the student. Computer simulation techniques will not
be used in this satudy, because the atudent lacks tha expertise,
time and computer support necessary to develop a computer

simuletion program.

LITERATURE REVIEW

A review of tha literature reveesled a number of managament
atudies and research efforts related to scheduling of
axaninationa in radiology departnants. MNoust of the articles
that concentrated directly on scheduling methods idertified
staffing concerns as the primary impstus for the study.2
Concarn for patient waiting time, facility constraints and the
impact of patient flow problaoms on the nursing staif are other
issues Lhat prompted work in this aresa.3

Studiss to measure the productivity of a radioclogy
dapartaent becasuse of high pesraonnel costs, complainta about
waiting time and requests to expand fecilities ell touched on
the nead for a scheduling system to control the flow of
patients.t Articles devoted to the analysis and control of
patient waiting time also covered some sspactas cf scheaduling
methods.S One author’s description of the objective of a
patient scheduling system illustretes why acheduling isauas ers

frequantly addreassed in radiology msnagemant studies: "An




adequate patient scheduling system in a raediology department
should minimize patient waiting time whils zaximizing uase of
psrsonnel, equipsent, snd facilities."6

Radiology departmente gufier fros @& chronic problea of
uneven workload during the day. MNorning hours are buay, but
squiprent and paraonnel are often idle later in the day.
Scheduling systems are implenentad in an attempt to even cut the
flow of patisnta. Some authors insist that all exazinations,
axcept emergencies, should be acheduled.? A computsr system
can greatly enhanca efforts to schedule all exsainations.d
Others cite large numbara of ocutpatient examinatiocona and
inadegquate communicetion systems as bherriers to scheduling more
than a amali portion of the examinations.9

The litorature review yilelded examples cf industriel
engineering and operations research technigues employed in the
analysis of radiology departrents. Work sampling, time records
(loga), standexd times and time studiss are work wueasureasnt
techniques used to determine the length of time required to
parform examinstiona.lC Data on patisant waiting Liss havs
been analyzed with simulation technigues and regresaion
analysis.ll An article that was loceted after the proposal
for this acudy had been written discusaed the use of linear
progremming toc maximize the contribution margin of gn Ambulatory
Diagnoatic Center through cese mix mancgesment.l12

Although some articles referred to gquauing theory, Che

actual use of queuing theory mcdels and techniques to asnalyze




service capacity and patient waiting times was conspicucusly
sbsent from the literature. Queuing theory is used to study the
functions of service systems.l3 Queuing mcdels quantify

such aspacts of a service system sa: (1) the sverage tike a
cuatomar waits for service, (2) the everasge nuaber of customers
waiting in line, and (3) the probability that the service
facility will ba idle.l4 A precblea with queuing theory is

that the models become very complax whea custorer arrival
patterns, queue discipline, service times and service
configurationa do not satisfy certeain conditions.iS This

snight explein why applicetiona of gueuing models to radiology
departeents were not found in the literature. Simulastion

techniques may be useful when the cosplexity of the service

system precludas the use of queuing theory models.l6

RESEARCH RETHODOLOGY

OBJECTIVE 1: The current method of scheduling radiological
sxeaninstions w'll be analyzed by examining doccuments such as
Standing Operating Proceduraes and MRDDAC Regulations, and by
observing the oparation of the depertment. The analysis will
determine the following:

1. Examinations that can be performad in each examinstion
room

2. Exemination rooms and tise periods that are normally

resarved for certain exeainationas




3. Types of patients (inpatient versus outpatient) and/or
exaninstions that are normally acheduled by specific appeintaent
timesn

4. Number of minutes sach room is acheduled to be
available for service on a daily basis

5. Nuamber of minutes historically allotted in tha scheduls

for various procedures

OBJECTIVE 2: An analysis of the Radiology Departaent
operation #ill be conducted using the Radiology Daily Regiater
(MACH Form 232), the Radiology Daily Procedure Schedule (MACH
Form 220), and ths Pattent Contrecl Card (MACH Form 351).

Evasnlias of these forms are nrovided ea Appendixes A-C. In
addition to the informalion normally recordad on the above
forna, the following data will be recorded for each examination:

1. Tire patient arrivad at the radiology department “

2. Time patient entered examination rooa

3. Tine patient departed sxamination roonm
The patient arrival time will ba recorded on the Radiology Daily
Register by the receptionict. The timaea the patient enterad and
deperted the examninstion room will ba recorded on the Patient

Contrel Cards by the radiology technicianas. Data will be

collected over a four-wvaek period. ]

The data collected will allow the calculation or
description of the following pareameters concerning the operation
of the department:

10
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1. Thae averags service time for each type of examination

2. The distribution of acheduled ancd unscheduled patient.
arrivals for each hour of the day

3. Tha average patient waiting tima experienced by
patients arriving during each hour of the day

4. Fxomination room utilization rates (in minutes used per
day)

3. The numbel: cof radiological examinations requested by

the various clinics

OBJECTIVE 3: The radiological worklosad expected during the
ENU project will be estimated based on historical data and any
expeacted major chenges in the demand for radiological
examinations. Workload date will bhe obtained from the Radiology
Department’s monthly worklcad raport and the Patjient
Administration Division’s monthly report on examinations ordared
under Supplemental Care funde. The estimste will reflect the
axpectad number of requesta for wach type of examination during

the EEV project.

OBJECTIVE 4: Various conatraints will affect the aservice
capabilities and patient scheduling methods of the Radiology
Departaent during the ENU project. The fcllowing are examples
of auch constrainta:

1. Anount of time available in sach of thae examination

rooms (s rvice capacity). The houra of operation, ataffing

11




scheduleos, expected squipmaent down time (to be cbtainad from an
inapection of maintenance and repair records), snd the amcunt of
acheduled ncnproductive time (e.g. committee mestings) all
impact on tha minutes availwbla.

2. 8Specific exaninations that must he done in-house. The
desires of the Radiology Departaent or the medical ataff might
dictate that certain exeminations cannot be shifted to another
hospital.

3. Equipment capabilities. Certsain exaxinations can only
be done in certeain rooms due to equipment capehiiities.

4. The maximum acceptable averags waiting time that
patisnts are axpected to experience during the ENU. Average
patient waiting times for each hour of the day vwere determined
under Objective 2. The Chiaef cf tha Radiology Departaent will
conasider this information in determining a maximum scceptable
expected average weiting time for patienta arriving during a

one-hour period (Criterion 1),

OBJECTIVE S5: After conducting a literastura search and
considering the information obtained above, alternate scheduling
methods will be identifisd. Aspects of the scheduling method
that sight be changed include:

1, Alteration of the time allotted for varioua
examinations

2. Alteration of the riumber and/or typs of examinaticns
that are scheduled

12




3. Alteration of one or more constvaints associated with a
given scheduling method (i.e. changaes in staifing achedules or
hours of operation could affect the amount of time available in

an examinsetion room)

OBJECTIVE 6: Deta collected under previous Objectives will
ba used to satimate the longest average waiting times expacted
during the ERU for patients erriving within a one hour period,
given an alternate acheduling method.

1. The nuaber cof unscheduled patient arrivals expected for
sach hour of the day will be estimated by arLplying the hourly
distributicn of unscheduled patient arrivals (obtained under
Objsctiva 23 Lo the sxpsct
3). The nuaber of arrivals scheduled hourly under the alternate
scheduling method will then be added to obtain the total number
of expected patient arrivals for each hour.

2. The axpected number of hourly patient arrivalas and
aervice capacity during the ENU will be weighed againat the
hourly number of patient arrivals and servica capacity observed

during the data collectio: period to arrive at an eatimate of

the longsst average wailting tises expected duing the ENU.

OBJECTIVE 7: For the slternate scheduling methoias with

thair particular constrainta, thae following relationship exiata:




Examninations Examinations Total projected
done at NACH + done at othex = worklosd
hospitals
The /:2tual objective is to minimize the expenditure of
Supplenmental Care funds on exsminations done at other hoapitals,
8¢ the cbjective function would be:
. j{:: nunbar of each type
Ninimize: coat of the of examrination done
examination at other hospiteals
The conatraints associsted with a particular acheduling
reathod are most essily expresssed in terms of examinations that
are donea at NACH. To simplify the formulation of the linear
programaing problem, the minimization objactive function
involving exsainationa done at otheix hospitals can be converted
to a maximization of the "payotf™ associstad with examinations
that ara done at MACH. If snother hoapital charges NACH 30 for
doing & procedure, NACH aaves #3530 in Supplemental Care funda
(tha paycff) if it can do the exaxination in-house. The

maximization function would be expressed as:

\! /
n

/ \ . - e oms X
umpDer oi sacn Lype
n:xiniz.:‘> cost of the of examination
KA exaninstio acheduled at MACH
To illustrate the use of linear programming to maximize the
paycif of a scheduling method, a hypothatical scanario involving
e linited number of examinations and constraints is outlined

belovu:
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Examination 1 nust be done in room 1 or 2.
Exeminstion 2 can be done in any room.
Examination 3 muat be done in rxrcom 2 or 3.

Examination 4 can be done in any room.

Weighted Minutea required
Exenipation _cost = for the procedurs
1 $100 45
2 #30 30
3 #10 135
4 -] 10

Room 2 is temporarily closaed for the ENU project. The

Radiology Department decided that all examinastiorn 4’s should be

done in-house.

Let Xi3 = the number of ith exaeminations done at HACH

in the jth room during one monthk.

Objective function:
Naximize: #100X11 + S30X21 + #350X23 +

$10X33 + #5)Ng1 + $3X43

Subject to:

43X14 + 30X29 + 1041 € minutes available
in Rm #1 during one month

30X23 + 13X33 + 1043 € minutes availsble
in Rm #3 during ona month

Xq41 * X43 2 number of axemination 4‘s
projacted for one month
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The velues obtained for the Xjjg will be compared to
the projected workload to identify the type and number of
exaninations that aust be referred to other hospitals, and the
cost of ahifting the examinations to the other hospitala will be
calculated.

Although the ENU plian calls for three different
combinetions of examination rooms to be ussd during the
renovation of the Radiology Dapartment, only two linear
programaing models will be constructed. Since the General
Electric and Picker machines have the aame capabilities, the
node’ constructed for the period when the Gensral Electric
machine is unsvailable will also apply when the Picker machine

is unavailabls.
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I1. DISCUSSION gy
CURRENT NETHOD OF SCHEDULING EXAMINATIONS

The Radiology Department’s hours of operation are 0730-1600
Nonday through Fridey. Radlology technicians are on call to
perform emsrgency procedures outside the normnal hours of
operation. The Daspartmant currently has only one operational
examination room, so the total examination rcom time routinely
available is 8.5 hours per day. The roorm is equipped with a
General Electric x-ray machine that is cepable of performing
genaral Xx-rays, mammograms, fluoroscopic and special
radiological exeminations.

Prior tc Octaber 1985, when two examinations rooma ware
operational, the Radiology Department acheduled patients for j;
manmograms, fluoroscopic and special procadurea. As
illustreated by the Radiology Deily Procedure Schedule (MACH Form
220) at Appandix B, examinations were scheduled in 45-minute
time pariods from 0730-1115 and 1300-1600. Gall bladder (0CG)
studies, intravenous pyeslcgrams (IVP’s), barium enamas (BE’s),
uppsr gastrointestinal (UGI) studies and other fluoroacopic or
special examinationa that require the patjent to fast were
schaduled in the morning. Studies that do not require the
patient to fast--such aa arthrogramas, vanograms, tomograms &nd
nammograma--warae scheduled in the afternoon.

The current method of acheduling examinations has evolved
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from attenxpts by the Radioclogy Department to deal with the
constraints of a single oparational axaminstion room.
Cutpatient flucroscopic and special procedures are schadulad by
specific appeintaent times. General x-ray axaminstiona for
outpatients &re performed on a “firat come, first served"” baais.
Exsaminations foxr inpatisnts are £fit into the work flow on an “on
call" basis, which means the Radiology Depa—-iment notifiea the
ward to deliver the patient when tha room ies available to do the
etanination, All nermograns are sent out to other hospitals anrd
peid for with Supplemencal Care funda.

Fluoroscopic and special procedures for ocutpatients are

typicelly acheduled for thrae 45-minute time periods beginning

at O300, 0545 aud 1300
No fluoroscopic or special examinations are achedulsd on
Thuradays, beczuse MACH has contracted for the sesrvicesa sf a
mobille computerized tomography (CT) unit on Thurasday afternoonas,
The MACH radiclogiat muast pe available to read CT scans in the
mobile unit by noon, sc he cannot risk being tied up with a
backlog of fluoroscopic or special procedures on that day. The
radioclogist also sttenda a continuing education program on the
last Friday of each mcnth, so patients are not appointed at 1300
on that day.

Appointmentas for outpatient fluoroscopic and apecisl
prncedures ara typically bookad over a month in advance. The
physician wvrites the maximum acceptable waiting time for an
appointmant on the request for the examination. If the
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Radiology Dapartment has an appointment time available within
that time period, the patient is acheduled for the examination.
If an appointment is not aveilable, the patiaent is achedulad for
the examination at another facility, and MACH pays for the
examination with Supplemantal Care funds. Noc scheduling
priority is given for apecific types of exarinations or for a
particular physician. The maximum acceptable waiting time noted
on the request is the only factor used to decide whether a given
fluorosacopic or special procedure is dona at MACH or at some
other facility.

Mammograms are currently aant to St. John Hospital in
Laoavenworth and to Kansas Univarasity Mediceli Coanter in Kansas
City. Kansas. All other examinations are sent to the Veteranas

Administreiion Medical Center in Leavenworth.

ANALYSIS OF CURRENT OPERATION

Data concerning 751 examinations performed during the
Radiology Department’s normal operating hours were collected
during the four-week study period of 21 March-17 April 198¢,

Tha receptionist recorded the time each patient arrived at the
department on the Radiology Daily Register (MACH Form 252). The
radiology technician racorded the timess that each patient
entared and departad the examination room con tha Patient Control
Card (MACH Form %1). Sevan data eiements concerning each

examination were then gleaned from these forms and entered into
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a computerized data base. A printout of the data baase ia
provided at Appendix D.

The first three data elements ara the day that the
examination waa performed, the clinic or ward that requested the
sxamination, snd the type of examination performed. Legends or
explanations for the ubbreviatione used for thesa data elements
are provided in Appendix D.

The fourth data element is the hour of the day that the
patient arrived at the radiology department. Patienta arriving
from 0730-0829 are identified by 0800’ as the arrival hour.
Patientas arriving from 0830-0929 are identified by *"0S00", and
&0 on. Since the department closas at 16090, the "1600" arrival

hour only applies to patients arriving in the 13530-16090 tinme

period.

The fifth data element ia the waiting time experienced by
the patient. The waiting time is defined as the number of
Rinutes from the time the patient arrived at the Radiology
Departrent until the patient entered the examination roonm.

The ajixth data element ia the service time for the
exanination., The gervica time is defined as the numbar of
minutes that the patient actually occupied the sxamination roosm.

The aeventh data element is the transition time batween
exaninationa. The transition time isa the number of minutes
elepased from the time one patient departs the examinstion room

until the next patient, who has been waiting, enters the

examination room. Transition time is counted only when thare is
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a patient waiting for an examination. When there is no patient
waiting for an examinetion and the room ia emnpty, it is
considered idle time. Since idle time occured so infrequently,
it was tabulated separstely from the datsa base.

The number of examinationa, total service time and average
aervice time for each type of exemination per ‘ormed during the
atudy psriod are liasted in Table 1. The overall average gervice
tine for gsneral x-ray examinations is 5.7 minutes, compered to
a 41.5 minute averega gervice tima for fluoroscopic and special
procedures. Although the 52 fluoroscopic and spacial procedures
reprasant only 7 percent of the examinations performed, they
account for 3% percent of the total service tine.

The avarage service timaes for thram types of exarinaticons
merit comment. The average ssrvice time of 12.5 minutes for an
abdominal series examination is skewed by an examination
invelving a trauma patient that took 60 minutes to complete.
The other threa esbdowninel aseries examinations had an avarage
service time of only five minutes. The nultiple general x-ray
exarination refars to patients who :nderwent more than one
general x-ray procedure, which accounts for the relatively long
avarage service time for that type of examination. The
radiology tachnicians thought that the 3% minute service tims
obsarvad for the arthrogrem ia leas than the true aversge.

Future calculeticna that involve arthrograms will use 40 minutas

as the average service tinme.




TABLE 1

EXANINATICN SERVICE TIMES
(In Minutas)

Total Average
Nurnber of Servica Service
Type of Examination Examinationa Tine Tima
General X-Raya:
Cheat/Rib 202 663 3.3
Extreneties 347 1641 4.7
Head/Sinus 31 273 8.8
Spine 89 a91 10.0
Kidneys/Uretere/Bladderxr 4 24 6.0
Abdorinal Series 4 75 12.95
Nultiple 22 427 19.4
Total 699 3994 S.7
Fluoroscopic and Special:
Upper Gastrointastinal 10 283 28.3
Barium Enena 14 602 43.0
Axrthrogranm 1 33 35.0
Intravenous Pvalogram 16 631 40.7
Tonogran 3 i8i €0.3
Xerogram | €0 60.0
Others 7 345 49.3
Total 32 2157 41.3

In addition to tha service time xequired for each
exsmination, the numbar of exgminations completed within a given
tine depends on the transition time between sxaminations.
Excessive transition times could result froa deleys c&used by
incomplete exaemination requests, patient flow problema,
equipment adjuataants requiraed for certain procedures, or
frequent minor equipment malfunctions. The average transition
time cbaserved during the study period was 4.1 minutes.

The time required to complete an exemination is actually

the sum of the service time and the traneition time. By adding

24




“he 4.1 minute average trensition time to the overall average
gervice times listed in Table 1, the aversge completion time for
goneral x-ray examinations is 9.8 minutes, end the aversage
corplezion time for fluoroscopic and special exaninations is
4%.¢ minutes.

The distribution of patiasnt arrivals for each hour of the
day during the study period is shown in Table 2. Almoat 40
percent of the patients &arrivaed during the firat two houra of
the day. Sixty-five percent of the patients undergoing
fluoroscopic or specisl exarinations arrived during the first
three hours of the day. The& scheduled arrivals included 19
vatients wino were scheduled for 0900, 14 patients who were

schedulael for 0943 and siv r-atisnts who were schsduled for 1300,

The Rediology Dapartment had actually scheduled 41 patienta for

flunroacopic and special exeminations during the study period,
but esix patients (15 percant) cancelled for various reaaona.
Unachoesulad arrivals for fluoroacopic and special axaminationas
include tha inpatient examinations, which were perforaed *on

cali®, ans smoergencies.




TABLE 2

DISTRIBUTION OF PATIENT ARRIVALS
(Numbers and Percentages)

Gensral Sched. Unached. Hourly
Arrival X-Rays FaSa Fe&sb Total
Hour ¥ x ) (] X ) (" % ) (" %)
08090 177 25.3 7 20,0 1 S.8 185 24.6
0900 99 14.2 12 34.3 3 17.6 114 135.2
1000 88 12.3 10 28.9%5 1 5.9 97 12.9
1100 77 11.0 - =e-- 2 11.8 79 10.9
1200 S7 8.2 - m=-- 4 23.5 61 8.1
1300 63 9.0 4 11.4 i 5.9 68 9.1
1400 58 8.3 2 5.7 3 17.6 63 8.4
1300 60 8.6 - we-- 2 11.8 62 8.3
1690 22 3.1 - m==- - === 22 2.9
Total 699 33 17 751
aSched. F&S denotes scheduled fluoroacopic and special
examinsations,
bUnached. F&S denotes unacheduled fluoroscopic and special
examinations.

Fiyjure 1 dspicts the average patient waiting time
experienced by patients arriving during each hour of the day.
Tha combinetion of the long sarvice times required for
fluoruscopic and spacial axaminations and tha large numbers of
patients arriving ®arly in ths day rssults in veiy long walting
timea during the morning hours. Patisnts arriving during the
1000 arrivel hour experienced the longest averaga waiting tise

of 94 minutea. Thae overall average waiting time for the 7351

patienta includad in the study period was 62 minutes.




FIGURE 1
[ AVERAGE PATIENT WAITING TIHES
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The distribution of waiting tises was analyzed to ses if a
few patients with vary iong waiting
average waiting times. The distribution of waiting times ia
displayed in Figure 2. Since 319 patienta (42.5 percent of all
patients) experienced waiting times of one hour or more, it was
concluded that the average waiting times were not distorted by a

faw patients with exceasive waiting timea.




FIGURE ¢
(I DISTRIBUTION OF UﬂlTlNG’ THES
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The atatus of the examination room at any given moment
falla into one of Icur Categorisa. Whsn & ps
roox, it is identified es service time. The time betwaen
examninations is transition time. Idle time cccuras when the rooa
is empty, and no patients are waiting. The room could also be
down for maintenance or repair. The utilization of the
examination room during the study period is aummarized in Table

3. The combination of the service and tranaition times results

in a 90 percent utilization rate foxr the examination room.
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TABLE 3

EXAMINATION ROOM UTILIZATION
STUDY PERICD

Percent of

Stetua Minutes Total Tima
Service tise 61351 60
Trensition time 3083 30
Idle time 626 6
Repair and maintaenance 413 4

Requeats for radiological exsminations came from 20
clinics, warda and services during the study period. Ths number
of examinations reQuested by each is displayed in Table 4.

There vere 717 ocutpatiaent exeaminetions and only 34 inpstient

exarninations.
TABLE 4
EXAMINATION REQUESTS BY SERVICE
STUDY PERIOD

Service Number Sorvice Number
Genexal Outpatient Clinic 194 Physical Therapy S
Orthopedicas 160 Allergy Clinic 2
Fanily Practice 87 Dental Clinic 2
Hedicai Bxam Tlinic 73 Eyeas, Ears, roass
Emergency Roona 72 and Throat Clinic 1
Internal Medicine 48 Hental Health Clinic 1
Pedietrice 30 Ward 38 23
U.S. Diasciplinary Barracka i3 Ward 2C 7
Obstetrics/Gynecology 10 Ward 2B 3
Genaral Surgery 9 U.S. Disciplinary
Community Health Clinic 6 Barracks Ward 1l

ESTINATE OF WORKLOAD DURING THE EMU

The renovation of the Radiclogy Departmsnt under the ENU
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project is scheduled for Auguast 1986 through April 1987, No
major changes are expacted in the demand for radioclogical
examinationas during this period as compared tc the prior year.
The estinates of the expected workload are based on workload
records from the Radiology Department and the Patient
Adainistration Divisicon’s monthly report on referrals of
Supplesental Care for Auguat 1985 through April 1986. The
estimates for each three-month period during the ENU project are
conteined in Appendix E.

The workload sstimetes could not simply ba extractsd from
the Radiology Departasnt’a monthly workload reports, because the
departmnent reports workload differently than the way the
workload dsta was collected during the study period. For
exanple, threa different views of the spine for a single peatient
are courited as three examinations by the Radioloagy Department,
while thay would have been counted as & single sxarination
during the study. The summary reports also contain worklcad
performed outaide the normeal hours of operation 4i.e. nighta and
weckends). The study period only coverad workload performed
during normasl operating hours Honday through Friday during a
four~-week period. To esliainate such discrepancies, worklcad
data from tha Radiology Daily Register (NACH Form 2352) were used
in making the estimatea. The estinates reflect the avaerage

number of requastas for examinations that are expecte: during

nornal oparating houras for & four-week period,.




CONSTRAINTS DURING THE ENMU

One of the constraints on the oparation of the Radiology
Departaant during the ENU concerns the x-ray equiprent that will
ba available. The Genaral Electric will be the only machine
available during the firat three-month period. It can perfora
gensral x-rays, mammrograms, fluoroscopic and special procedures.
The Phillipa and Picker machines will both ba avaiiable during
the aecond thrae-month period. The Phillips machine can perform
ganeral x-raya, mammograms, intravenous pyelograms, tomogramns
and xerograms; but no fluoroscopies. The Picker machine has
essentially the same capabilities as the General Elaectric
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hillips and Casnergl Electric machinea will ha
available during the last three months of the EMU project.

With only one machine in operation, the amount of
examination room time available will ba minimal during tha firat
three monthas of the project. The 170 houra of examinatiom room
time that ere ocstensibly avsilable during normal cperating hours
in a four-weaek period are reduced by certain factors. A review
cf NMaintenance Raqueats (DA Form 2407) for the General Electric
nachine ravealed that it was down for repairs or maintensnce an

averaga of 14 hours per four-week pericd (8.2 percent of the

time). Pr"hlu‘y’ imualid 34141311},4//)/

The contracted mobile computerized tomography searvice and
the continuing aduceation programs routinely take the radiclogist

out of the department for four hours sach Thuraday afternoon and
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four hours one Friday afternoon a month. Although the
axamination rooma are still available for general x-ray
exarinationa, fluoroscopic and special procedurea cannot be done
bacause the radiologist is not available. These known sbaencas
would be taken into account in determining the number of
appointmenta avajilable for a givan acheduling system,.

Whenevar the radiologiast ias unavailable bacause of leave,
temporary duty, illneas, etc., the number of appointments is
further reduced. Given the scheduling method in effect during
the astudy pearind, appointrents for 47 fluoroscopic and special
procadures would asupposed.y hava been available, but various
absencas by the radiologist reduced the number available to 41.
Aa discussed earlier, six of the 41 acheduled patients cancelled
their appointmants, 80 only 335 (75 percent) of tha 47
appointments that would supposedly have been avajlable actually
resulted in examinations being perfcrmed.

The Radiology Departmant did not identify any specific
procedures that abaoclutely muat be done in-houas. A review of
tha reports on referrala of supplemental care revealed that
ocsaentially all types of exsminstions have been refarred to
other facilities at somaé time. The department naturally wants
to aveoid aending any inpatients or patients requiring only
routine x-ray examinations to other hospiteaels.

As illustrated earlicr, the patient waiting time for x-ray
exaninstions at HACH is quite long. An average waiting time of

94 minutes for patients arriving from 0930-1029 was deemad to be
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unacceptable. Radiology Department personnel conaider 60
minutes to ba the maximum acceptable expectad average waiting
time for patients arriving during any one-hour period if only
one x-ray machine is available. The maximum acceptable expectaed

waiting time is 30 minutes when two machinea are available.

ALTERNATE SCHEDULING METHODS

The opposing objectivea of maximizing the number of
radiological exaaminstions performed in-house whila keaeping
expactaead patient waiting times below the maximum acceptabla
level were the prime considerations in developing alternate

scheduling methods. Aa discussed previously, the long patient

waiting timeg are caused by large numbars oi patients arriving
early in the day when fluoroscopic and special procedures are
performad.

The waiting times experisnced by patients arriving within a
given one-hour period depaeand, in part, on the time required to
coaplete the examinations for those patients and the time
required to complete the examinstions for any patients who
arrived during previous hours and are satill waiting for
examinations. Table S5 displays the average tine requirsd to
completae the examinaticns for patients arriving during each hour
of the day during the study period, and the sverage waitiug

times they exparienced.




TABLE S

AVERAGE EXAMINATION COMPLETION AND PATIENT WAITING TIMES
STUDY PERIOD
(Inx Minutea)

Average Time Cumnulative
Average Required to Variance Average
Daily ) Complete from Patiant
Arrival Arrivalsa Examinsticns Service Waiting
Hour Gen® F&SP Gen F&S Totel Capacity Tima
0800 8.85 0.40 a7 e 108 +4%5 43
0900 4.95% 0.7% 49 34 83 +68 87
1000 4.30 0,35 42 25 67 +73 94
1100 2.85 0.10 38 -] 43 +38 79
1200 2.85 0.20 28 9 37 +35 63
1300 3.1% 0.2 31 i1 42 +17 S0
1400 2.9¢C 0.25% 28 11 39 -4 46
1300 3.00 0.10 @9 S 34 -30 38
1600 1.12 -- 11 - 11 ~-49 19

AGen denotas general x-raya.
bF&S denotes fluoroscopic and apacial sxaminationa.

The avorage daily arrivals for general x-ray &and
{fluoroscopic and special examinations were daterminad by
dividing the number of &xrivals in Tabla 2 by 20, aince aach
four-wewk period contained 20 deys. The average timez required
to momnlate the avaminations werw calculated by multirlying the
average dally arrivals for general x-ray and flucroacopic and
speciel axaminations by theair average complation cimes of 9.8
and 45.6 minutes respectively. The cuaulative varience from the
service capacity for asch arrival hour was calculated by
aubtracting 60 from the total average time requirad to complete

the examinetions for that hour, and adding the difference to the

cusulative veriance from the previous hecur. A cumulative
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variance greater than zero indicatas that, or the average, the
workload excoeds the service capacity of the departmant and a
backlog of patients waiting for examinstions exists.

The average time required to coaplete the examinations
exceedad 60 ninutes for each of the first three hours of the
day, with the cunulativa variance from the service cepacity
reaching 75 minutea. The patients arriving from 0930-1029
expesrienced the longest average waiting time bacausas they had to
vwait for the backlog of patients from tha firat two hours of
operation to be examined. The average times required tu
complete the sxcminations were lesas than 60 minutes for the

rexainiag hours of the day, and the averags patient waiting

times continued to decreasa during those hours as the backlog of
patienta diminished. The department did not “catch up” with the
backlog of paetients until the cumulative variance from the
service capacity turned negative during the 1400 arrivel hour.
Therefore, on the aversge, tha axcess workload of the firat
three hours of opsration affectaed the waiting timse for patients
arriving up through the 1300 arrivai hour. A chenge in the
scheduling method that would change the required sxamination
complecicn tine for any of the iirat six hours of the day would
affect the average waiting times for patients arriving during
subsequent houras until 1330.

& acheduling method that shifts patient arrivale into the
afternoon hours would reduce the long average waiting timea in
the morning hours, but shifting the pattern of patient arrivals
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would be very difficult tc accomplish. MNost of the fluoroscopic
and specisl procedures raquiry the patient to fast prior o the
examination. Shifting these examinatione tc the afternoc.: would
increasa patient discomfort. General x-ray examinations are nct
scheduled, aso the Radiology Department cannot control the
arrival pattern of thease patients. It is not feasibla to
schedule these axaminations because of their short duration,
their acute nature, and the difficulties that would be
encountered in coordinsting aeppointments with a large numbar of
outpatients and requesting physiciane. Other authors have
reached the aame conclusion regarding the Zeasibility of
schaduling general x-ray examinetions.l

The only apparent mathod to keep expected patient waiting
times below the €60-minute maximum acceptabla level with a szingle
operational x-ray machine is to reduce the number oif
fluoroscopic and spescial examinations scheduled to be performed
in-house. Two alternate scheduling methods are proposed for the
firat thres-month period of the EMU project.
ing Method #1 iu to schadule one
fluoroscopic or special procedure at 0900 and ons at 1300 daily
(as compared to the current method of scheduling such
exaninations at 0900, 094% and 1300). The 0900 appointment
should be rsservad for exsminations that require the patient to
fast. The 1300 sppointment will be used for examinations that
do not require the patient to fest. No exeminations will be jﬁy

scheduled on Thuradeys because of the mobile CT service, and the
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1300 appointment will not be scheduled on the day that the
radiologist attends the continuing medical education progranm.

fAlternate Scheduling Method #2 is to schadule only one
fluoroscopic or apecial examination at 1300 with no examinations
scheduled in the mornings. The axceptionas noted above would be
nade for the mobile CT service and the continuing medical
education program.

Unacheduled fluoroscopic and apecial examinations (i.e.
inpatients and outpatient emargencies) will still bes performed
in-house and &ll mammograms will atill be aent to other
facilities under botch alternate scheduling methods.

Two x-ray ®Rechinesa will ba available during the second and
third three-month pesriodas of the EMU. The Phillips and Picker
rooms will be operational during the sscond periocd and the
Phillipa and Genareal Elactric rooms during the third period.

The General Electric and Picker machines hava the azme
capabilitiea, ac the same achaduling esltarnatives would apply to
both time paricde. In the subsaquent discussion of the
altarnate acheduling methods, all references to the Picker
machine used in the second period would aisc apply to the uas of
the General Electric machine in the third period. Two alternate
e#chediuling methods are proposed for the aacond and thirg
threea-month perioda of the EHU project.

Alternate Scheduling Method #3 iz to perform all general
x-ray examinstions in the Phillips room. The relatively faw

tonograms and xerograms (only three per month are estimated)
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will also be scheduled for the Phillips machine at 1300,
Fluoroscopic and apaeacial examinations that requira the patient
to fast will ba acheduled for tha Pickar room from 0730-1119%5
deily. Hammograems, arthrograms end venograras will alao be
scheduled for the Pickar room from 0730-111S daily, snd from
1300-1500 each afierncon, except on Thursdays and one Ffriday
aach month. The mix of procesures that will be appointed if the
service capacity of the department is not sufficient to do &ll
the expected examinations will subsegquently be deterained with a
linear programming technique. The Pickar machine will also be
usad for any unscheduled fluoroscopic and special examinations

cccurring throughout the day.

general x-ray examinations from 0739-0830 dajily. After 0830,
all general x-ray exarinations will be performed in the Phillips
room. The torogrema and xeérograms will alac be done in the
Phillips room. Fluorcoscopic and apecial examinations thet
raquire the patisnt to fast will be sachaduled for the Picker
room from 0830-1130 daily. Mammograms, arthrograms and
venograns will also be acheduled from 0830-1130 dejily, and as
outlined above for the afternoon hours. The previous atstements
regarding the mix of procadures and unscheduled examinationa

also apply to this scheduling method. -};
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ESTIMATE OF EXPECTED AVERAGE WAITING TIMES

The firat criterion for avaluating the alternata ascheduling
methoda concerns the expected average waiting timeas for patients
arriving within a one-hour pariod. The maximum acceptable
expected averags waiting times are 60 minutes when only one
examination room ia available and 30 minutea whan two
exaaination rooms are availabla.

Tha expected average waiting timeas during the EMU project
for each alternate scheduling meathod are estimated as follows:

1. The expected hourly distripution of petient arrivals,
given the particular scheduling method, is determined.

2. The expected average timea required to complete tha
exaainations for pstients erriving during aach hour of the day
and the cunulative variances from the service capacity are
calculeted. The bdapurtment is expected to experience, on the
average, a continucus backlog of patients during consecutivae
hours of opsration that the cumulative variance remains
positive. The bresk-even point is reachwed when the Cumuiaiivs
variance frox the asurvice capacity turns negative. If the
cumulatis+ variance “ror the service capacity remains negative,
the paticnt waiting tires for arrival hours subseguant to the
break-aven point will ot e influenced by a backlog cof patients
and are »xpactad to averags leas than 30 minutes.

3. Tihe differsnces Letwesen the axpected average times

required to coaplete the exsrinstions during the EMU project and
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the averaga time ragquired to complete tha examinationa during
the study period are calculated.

4. The cunulative differences in the time reguired to
complete the examinationa are usad to adjust the waiting times
observad during the study period to estimate the expectaed
avarage waiting timee during the EMU project. The adjustment of
waiting times applies only to the consecutive hours of the day

until the break-even point is reached.

Alterpate Sgheduling Method #1

As outlined previocualy, Alternate Scheaduling Method #1 for

the first three-nonth period cof the ENU project would aschedulas

fluoroscopies and spzcial exarninations at $900 and 1300 daily,
with some exceptiona. The expectad hourly distribution of
patient arrivele for this esciicduling xethod is shown in Table 6.
™™
TABLE 6

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING HETHOD #i

Arrival Ganeral Sched. Unsched. Total

Hour X-Raya F&S F&S F&S
0800 187 ? 1 8
0909 105 8 3 11
1000 91 - 1 1
1100 81 - 2 2
1200 61 - 4 4
1300 66 4 1 S
1400 61 2 3 S
1500 63 - 2 2
1600 23 - - -
Total 738 21 17 38




The expected diatribution of ganaral x-rays ia based on the
assumption that the hourly diastribution of unacheduled patient
arrivals during the EMU will be the same as that observed in the
atudy period. The expected average of 738 general x-rays per
four-waek period for Auguat-October 1986 (from Appendix E) was
nultiplied by the hourly percentage diatribution of general
x-rays from Table 2. The number and distribution of unschedulsd
fluoroscopic and apecial sxaminations (inpatienta and outpatient
emergencies) arae assumed to remain the same as that observad
during the study period. The elimination of tha 0949
appointment aslot in this scheduling method is reaflaeacted in the
number and distribution of the scheduied Fluocro&copic and
apacial examinatione by tha elimination of 14 patient arrivalas
corresponding to those observed in the study period (see
discuasion concerning Table 2)}.

Table 7 shows the expected average timer requirad to
complete the axaminations for patienta arriving during esach hour
of tha day and the cumulative variance £from the aervice
capacity. The calculation mnethods used and the setup of Table 7
are easentially the same as for Table 5. Since the cumulative
variance from the service capacity turned negativae during the
1400 arrival hour, the adjuatments to waiting times (sea Tables
9 and 10) will and with tha 1300 arrival hour, and the waiting
times during subsequent houra are expected tc avarage less than
30 minutea.
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TABLE 7

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY
ALTERNATE SCHEDULING METHOD #1

Averaga Average Tinme Cumnulative
Daily Required to Variance
Arrivals Complete Examinations from Service
Arrival (In minutes) Capacity
Hour Gen. F&S Gan. F&S Total (In minutes)
080Q 9.3% 0.40 92 18 110 +50
0900 5.23 0,35 51 25 76 +€6
1000 4.55 0.0% 435 2 47 +353
1i00 4.05 0.10 40 S 4% +38
1200 3.08 0.20 30 9 39 +17
1300 3.30 0.2%5 32 11 43 o
1400 3.09 0.2% 30 11 41 -19
1300 3.15 0.10 31 S 36 -43

1600 l1.19 - 11 - 11 -62

Tablie & depicts the differencea beatween ths study period
and Alternate Schedulirg Method #1 in the average times requiraed
to conplete the examinationa for patients arriving during each

hour of the day up to the bruak-even point.

TABLE 8

DIFFERENCES 1N AVERAGE EXAMINATION COMPLETION TIMES REQUIRED
ALTERNATE SCHEDULING KETHOD #1
(In Minutes)

Alternate

Arrival Study Period Mathod #1 Cumnulative
Hour {Ohesrved) (Expeacted) Difference Difference
080¢C 109 110 *3 +3

0900 a3 76 -7 -2

1000 67 47 ~20 -22

1100 43 45 2 ~20

1200 37 39 +2 -18

1300 42 43 +1 -17




Tabla 9 ahows the aestimates of the expaected average waiting
times associated with Alternate Scheduling NMethed #1 resulting
from the adjustment of waiting times observed during the study
period by the cumulative difference in the average examination
completion times raquired. The expected average waiting times
for the 0900 and 1000 arrivel hours exceed the 60-mainute maximum

acceptable axpacted average waiting tiwme.

TABLE 9

ESTIMATE OF EXPECTED AVERAGE WAITING TIMES
ALTERNATE SCHEDULING METHOD #1
(In Minutes)

Study Period Cunulaetive Difference Expeacted
Avereags Fatient in Average Examination Averags
Arrival Waiting Tize Completion Tine Patient
Hour (Obgerved) (+ or -) Waiting Tine
0800 47 +5 32
900 87 -2 as
1000 o4 -22 72
1100 79 -20 59
1200 65 ~-18 47
1300 S0 -17 33

ALTERNATE SCHERULING METHOD #2

The estimate of the expected average waiting times for
Alternate Scheduling Method #2 was calculeted in the same manner
as sbove end is shown in Appendix F in Tebles 20-23. Tablaa
20-23 correapond dirsctly to Tables 6-9 above. The longeat
expectad average waiting time associeted with Alternate

Schediuling Method #2 ias 51 minutes, which meats the 60-minute
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criterion for the maximum acceptable waiting tima.

Alternate Scheduling Hethod #3

The eatimata of expected average waiting times for
Alternate Scheduling Method #3 involveas patient arrivals for two
exarination rooms. Tha expected distribution of patient
arrivalas for the Phillips room is shown in Table 10. The
expacted average of 6356 general x-rays psr four-week period for
November 1986 through January 1987 (from Appendix E) waa
distributed according to the hourly distribution observed during

the gtudy period. The thres scheduled fluoroscopic and special

examinations represent the tomcograms and xerogramns.

TABLE 10

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING METHGD #3
(Phillips Roonm)

Arrival Gensral Sched.
Hour X~Rays F&S
0800 166 -
0900 93 -
1000 81 -
1100 72 -
1200 S4 ~
1300 359 3
1400 =31 -
1500 356 -
1600 20 ~

Total 656 3

The axpected numbar of scheduled patient arrivels for the
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Picker room, displayed in Tabla 11, ia based on the observation
during the study period that the number of acheduled
examinations actually performed was only 7% percent of the
number of appointmenta that would supposediy have been availablae
under the scheduling method in effect. Alternate Scheduling
Method #3 would supposedly provide ona hundred 45-minute
appointmants from 0730-1113 and sixty 30-minute appointments
(the radionlogy techniciana astimate that mammcgrams take 30
rinuteas to coaplete) from 1300-1500 during a four-wesk period.
The actual numbers of schedulad patient arrivals are expectad to
be 75 end 4% during the respective time perioda. This
calculation was not made for Alternate Scheduling Kethoda #1 and
#2 because the axpected patient arrivels for thoss sathodas wars
eatinated by adjusting the numbars of actual patient arrivais
observed during the study period. The number and distripution
of unscheduled fluoroscopic and special sxaminationa asre

expected to bea the same as observed during the study pariod.
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TABLE 11

EXPECTED LCISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING METHOD &3
{Picker Room)

Arrival Sched. Unsched. Total Mammogranms
Hour Fe&S F&S F&S

0800 20 1 21 ~-
0900 20 3 23 --
1000 20 1 21 --
1100 15 2 i7 --
1200 -- <4 4 --
i300 -- i 1 15
1400 - 3 3 20
1500 -- 2 2 10
1600 -- - - --

Total 79 17 92 <5

The expected average exaamination completion times and the
cunulative variance from the sarvice capacity for the Phillipas
and Picker rooms sre shown in Tables 12 and 13. The cumulative
varience from the service capacity in the Picker rcorm is
constantly neccitive, 80 the weiting times experienced by
patienta examined in the room are expected to average ieas than

30 minutes throughout the day. Ths aame is true for the

Phillipas room baginning with the 1000 arrival hour.




TABLE 12

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY
ALTERNATE SCHEDULING METHCD #3
(Phillipa Roonm)

Average Average time Cumulative
Daily Reguired to Variance
Arxrivalas Complete Examninatione from Service
Arrival (In minutesa) Capacity
Hour Gen. F&s Gen. F&S Total (In minutss)
08cCo 8.30 -- 81 -- 81 +21
09C0o 4.69%5 -- 46 ~-- 46 «7
4000 4.05 -- 40 -- 40 -13
1100 3.60 -- 35 -- 35 -38
1200 2.70 - 26 -- 26 -72
1300 2.95 .19 29 10 3¢ -93
1400 2.7% -- 27 -- 27 -126
1500 2,80 -- 27 - 27 -133
1600 1.00 - 10 - 10 ~173
TABLE 13

EXPECTED AVERAGE EXANINATION CCMPLETIUN TINES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY
ALTERNATE SCHENMULING HETHOD #3
(Picker Room)

Average Average Tine Cunulative
Daily kequired to Varience
Arrivala Complete Examinations from Service
Arrcival (In wminiutes) Capeacity
Hour F&S Hammo F&sS Aammo Total {Iin minutea’ r
0800 1.0 - 48 -- 48 -12
090¢ 1.19 -- 52 -- S2 -20
10060 1,22 -- 48 -- 48 -32
i100 ¢.8% - 39 -~ 39 -33
1200 0.20 - 9 -- 9 -104
1300 0.0% 0.73 2 2B 25 -139
1400 0.1% .10 7 33 37 -162
1500 0.10 0.30 5 15 20 -202
1800 -- -- - -- -- -232
The cdifferencesr betwssan Alternate Scheduling Hethod #3 and
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the astudy period in the average examination completion timas
required for the Phillips room are calculated in Table 14 and
are usad to calculate the expectad avarage patient waiting times
for the 0800 and 0900 arrival hLours in Table 1%. The SO-minute
waiting time critexrion ic alao mot in the Fhillipa room undar

Altarnate Scheduling Method #3.

TABLE 14

DIFFERENCES IN AVERAGE EXAMINATION COMPLETION TIMES REQUIRED
ALTERNATE SCHEDULING METHOD #3
(Phillips Room)
(In Minutes)

Alternate
Arrival Study Pariod Nethod Wi Curnulative
Hour (Obsarved) (Expected) Diffsrence Dif{fersnce
0800 109 81 -24 -24
0900 83 46 -37 -61
TABLE 19

ESTINATE JF EXPECTED AVERAGE WAITING TIMES
ALTERKRATE SCHEDULING METHOD #3
(Phillips Room)
(In Ainutes’

Study Teriod Cumuvlative Difference Expuctad
Average Patiant in Average Examination Average
Arrival Ueoiting Tize Completion Timas Patient
Hour (Obgserved) (+ oxr ) Waiting Tiae
0800 47 ~24 23
0900 a7 -61 26

Alternate Jdchedulind Hethod #4

Alternate Schaduling Methaod #4¢ would achedule fewver

48




patienta for examinationa tharn Alterrnate Scheduling Eoethod #3.
Since Alternaste Scheduling Method #3 meets the 30-ainute waiting
time critarion for both examinationa rcocoma, the samé can be

expected for Alternate Scheduling Nathod &4,

OPTIMAL MIX OF SCHEDULED EXAMIKNATIONS

The final atep in datermining the optinal method for
achaduli..; cadiological sxamineations during the ENU project is
tha usas of linear prograsmering to determine the mix of achaduled
axaminations to be done at NACH that will minimize the
axpsnditurs ¢f Supplemental Care funds foo examinations
perforaed at other hoaspitals. However, tha linesr programming
technique is not neaded to detarmine the optirmal mix of
sacheduled examinations for the firat three-month periecd of the
ENMU prolyect. Alternate Scheduling Method #2;, which schedules
one fluoroscopic or special axesmination per day at 1300, ie the
only scheduling method that mests the 60-zinute maximux
allowable average waiting time criterion. Fluoroacopic and
apecial exeminations that require the patient to fast should not
be scheduled at 1300; so arthrograms, tcmograms and vanograms
are the only procedures that can be scheduled under Alternste
Schsduling Method #2. 0Only seven of these examinations are
sxpected to be requested during esch four-wsak period (Appaerdix
E). All zeven exarinations would easily ba accommodated in the

schedule. The linear programaming tachnique is not needed to
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deternine the optimul mix of acheduled exasinations bacause the
time availble is not a constraint.2

Alternate Scheduling Mathods #3 and #4 meet the waiting
tine criterion for the aecond and third three-month perioda of
the EMU project. Two examinetion rooms will be available during
theae time periods, but the only achedulad axaminations
performed in the Phillips rocs will be a sxall number of
tonograms and Xerogremns, &0 linaar programming is not needad to
deternine an cptimal mix of scheduled examinations for the roon.

A iinear progremaing model is now developed to deterrine
the optimal mix of examinations to ba schedulad for the Picker
room during the second thrse-month period of the EMU project
undar Alternate Scheduling Method #3. The ascheduling
constrsints that apply to the Picker room would alaso apply to
the General Electric room during the final three months of the
ENU project, s0 separate models will not be conatructed for that
time period.

As discusaed in the introduction to this study, an
objective function thai maximizes the “payoii" of sxaminalions
scheduled to be done at MACH can be used in & linear programaing
model to minimize the expenditure of supplamental care funds for

exeninations sent out to othezr hospitsls:

number of each type
Heximize: Z= cost of the of examination
exanination schedulad at MACH

S0




whera Z is the dollar value of the payoff rxealizad from the
exsninations scheduled at MACH, and the cost of thae examipation
ia the amcunt NACH would have to pay encther hospital to do the
examination.

The fcllowing variables ere used to designate the number of

each examination to be schedulad in the Picker rcom!

X1 = Upper gaatrointestinal Xé = Arthrogram

X2 = Barium Enena X7 = Venogram

X3 = Buriurm Swallow X8 = Intrevenous Pyelogram

X4 = Gall Bladder X9 = Other Fluoroacopic

XS = Small Bowel and Spacial
Follow-Through X10 = Mammogram

The amounts charged by other hospitala for the above

examinations weroe obtained from tha Patient Adminisetration

Division. Using thase charges, thae objective function bacomas:

Maximizea: Z = #39%1 + S80XK2 + S13X3 + ®33X4 + S50XS
+ #120X6 + #130X7 +#110X& + #175X9 + B60X1C

The modal addreasss three constraints: (1) the time
available for schaeduled eaxa: inations that must bda performed in
the morning, (2) the total time available for achaeduled
examninatiocna, and (3) constraint inequalities that prevent the
modal from providing a fquantity of an examination to be
acheduled that exceeds the expected damsand for that particular
examination.

The conatraint for the time available for acheduled
exaninationa that must bes performed in the morning is expressed
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32X1 + 47X2 + 135X3 + 20X4 + 60XS
+ 06 + OX7 + 435X8 + 33X9 + 0X10 € 4140 minutaes

The non-zero coefficients of the variables represent the average
tizres raquired to complete the examinations. These times were
ctlculated from obsarvations made during the study period or
were estimatad by the radiology techniciane if the particular
exanination was not performed during the study period. The
coafficients for X6, X7 and X10 are zeros because arthrograma,
venogranas and mammograms do nct require the patient to fasat.

Alternate Scheduling Method #3 callas for examinationa to be

gcheduled froa 0730 to 1115 deily. Taking into sccount the 3.2
parcent downtime for maintenance and repsirs that was noted in
the review of the naintenance records, the 4140 minutes (69
hours) evailable for schaduled sxaminations that must be

periormead in the morning is calculated as follows:

(3.75 houra/day){20) - (3.73){20)(.082» = 69 hours per
1-week period

The sacond constraint is the total time aveiladble to do

acheduled exaninatione. This constraint is expressed eos:

32N1 +« 47X2 + 13K3 +« 20X4 + 60X3 + 45X6
+ 60X7 + 45X8 + 33X9 +30X10 € 5790 minutea

The coefficienta repreaecnting the time required to complete
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arthrogrars, vehograks and mammograms are now in the constraint
inequelity. Alternate Scheduling Nethod #3 calla for
aexsaxinationa to ba acheduled from 1300 to 1500 on 15 deys in
e&ch four-wesk period, which provides 27.3 additional hours of
available examination time according to the following

calculation:

(2 houra/day? (13) - (2)(13)(.082) = 27.5 houra per
4-week period

The third constraint is expresssd &s ten soparate
conatraint inequalities that will prevent the model from
generating a solution that calls for more of a particular
s tc be acheduled than is expacted to he demandad.
The expectesd demand for sach type of sxamination is shown in
Appendix E, but these figures include both scheduled and
unscheduled examinations. The numbers of unschedulad
exakinations observed in the study pariod were subtracted fron
the quantities shown in Appendix E, &c that the conatanta in the
following constraint inequalities represent the aexpected derand

for schedulaed examinationa during & four-wesk period.

0.79%X1 £ 28 C.75%S < 2 0.73X8 < 13
0.75%X2 < 15 0.73X6 ¢ 2 0.79X9 < 1
0.73X3 ¢ 4 0.79X7 < 2 0.75X10 < 60

0]

0.75X4 <




The coefficiant for esch of the variables is 0.75 because
the number of examinations actually performed during the satudy
period was 25 percent leas then the number of examinatiorna that
supposedly could have been scheduvuled., Petient cencellations and
the unavailability of the radiclogist because of lesave,
teaporary duty, illness, etc., resultad in 35 acheduled
examinations being performed when 47 sppointments ware
supposedly available.

The model was run on a linsar programming computer program,
The printout of the optimal solution generated by the computer
appears in Appendix G. The solution is also diaplayed in a more

comprehendible format in Table 16.

TLBLE 16

OFTINAL NIX OF SCHEDULED EXAMINATION®
ALTERNATE SCHEDULING METHOD #3

Number
Number of Exans
of Exars Expscted
to be to be Expectad
Exaninationa Variable Scheduled Perforned Denand
Upper Gaatrointestinal X1 33.3 2% 28
Barium Enema X2 20 15 i9
Barium Swallow X3 0] o 4
Gall Bladder X4 6.7 3
Small Bowel
Follow-Through XS o 0 2
Arthrogram X6 2.7 2 2
Venogran X7 2.7 2 2
Intravenocus Pyslograa X8 20 13 1%
Other Fluoroscopic
and Special XS 1.3 1 1
Hammogram X10 80 €0 60
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The values of the primel variables in the computer printout
correspoend to the numbe s of examinations to be acheduled. The
numbera of exsminations expected to be performed are 73 percent
of the numbers of examinstions to be achaeduled. Alternate
Scheduling Method #3 is expected to accomodats all of the demand
for sxaminations except for three uppar gastrointestinal, four
barium swallow and two amall bowsl follow-through examinations.
MACH would have to pay $297 to have these exsminations performed
at. arother hosapital.

The linear progremming model to determine tha optimal mix
of examrinationa to be scheduled for the Picker room under
Alternate Scheduling Method #4 for the aescond threa-month period
of the EKU project is almoat identical to the sbove model. The
constants for the first two constraint inequalities are the only
nusbers that change. Alterneate Scheduling Method #3 provides
three hours each morning for acheduled axarinations, &0 the tine
svailable during the morning in a four-week pariod drops from
4140 to 3300 minutes. The totsl time available dropa from 5790
to 4950 minutes. The computer printout of the optimal solution
for this modsl is shown in Appendix H. The coaparison of the
numbaera of examinations axpacted to be acheduled, performed and

demandod is presented in Table 17.

53




TABLE 17

OPTIMAL MIX OF SCHEDULED EXAMINATIONS
ALTERNATE SCHEDULING METHOD #4

Nuaber
Numbar of Exans
of Exana Expectad
to be to be Expactad
Examninations Variable Scheduled Pertforaed Damand
Upper Gastrointestinal Xi 7 S 28
Barium Fnema X2 20 i35 15
Barium Swcllow X3 o o 4
Gall Bladder X4 6.7 ) S
Saall Bowel
Follow-Through XS o] (o] 2
Arthrogran X6 2.7 2 2
Venogranm X7 2.7 2 2
Intravenous Pyeslograna X8 20 13 15
Other Fluoroscopic
and Special X9 1.3 1 1
Nammogram X110 80 60 60

Twenty-three upper gastrointestinal, four barium avallow
and two small bowsl follow-through examinations would be sent to
other hospitals under Alternate Scheduling Method #4. Theae
proceduraeas would cost MACH #1077 per four-week period.

The models for Alternate Scheduling Methods #3 and #4 wexre
each run a second tire toc see what the optimal mix of scheduled
axaminations would be if the projected damand for each type of
sxamination increased by 25 percent. The computer printouts of
the results are at Appandixea I &nd J. The comparison of the
numbaers cf examinations to be mchedulad, performed and demanded

are displayed in Tables 18 and 19.
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TABLE 1&

OPTIMAL MIX OF SCHEDULED EAAMINATIONS
ALTERNATE SCHEDULING METHOD #3
(2% Workloed Increaae)

Numbar
Numbar of Exans
of Exanms Expacted
to be to be Expected
Examinationa Variable Schaduled Performed Demand
Upper Gastrointestinal X1 o 0 35
Barium Enema X2 24.7 is 19
Barium Swallow X3 o 0 S
Gall Bladder X4 0 0 6
Small Bowel
Follow-Through b & (o] o] 3
Arthrogran Xé& 4 3 3
Vanogranmn X7 4 3 3
Intravenous Pyslogranm X8 25.3 19 i9
Other Fluoroacopic
and Special X9 1.3 1 1
Nammogram ¥10 100 75 75

The optimal mix of scheduled examinations under Alternsate
Scheduling Method #3 with a 25 percent increase in expected
demand would send 35 upper gastrointestinal, five barium
awallow, six gall bladder and thres small bowel follow-through
examinations to other hosplitals at a cost of #$1785. In addition

to the above axamrinationas, 14 harium enemas would be sent out

under Alternate Scheaduling Method #4 for a totel cost of #2903,




TABLE 19

OPTIMAL MIX OF EXAMINATIONS
ALTERNATE SCHEDULING METHOD w#4
(25% Workload Increase)

Numbaer
of Exams
to be
Examinations Variable Scheduled
Upper Gastrointestinal X1 0
Bariumx Enema X2 6.8
Barium Swallow X3 0
Gall Blsadder X4 0
Small Bowel
Follow-Through XS5 0
Arthrogiam Xs 49
Venogranm X7 9
Intravenous Pyelogram X8 23.3
Other Fluoroscopic
and Spacial X9 1.3
Nemrmogran X106 100
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I1XI. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS

This study was to determine the optimel method of
schaduling rsdiclogical examinations during the
electirical-mechanical upgrade project at Kuneon Armsy Comaunity ‘fi
Hompital. Since the hospital will have only one examrination
roocr during the firat three months and two examination rooms
during the final six montha of the project, two altarnate
scheduling methods were formulated and avaluated for each of the
periods.

Alternate Schaduling Method #1 would eliminate the 0945
appointment slot from the current metbod of acheduling %ﬁ
fluoroscopic and spacial examinations at 0900, 0945 and 1300.

The analysis revealed that the average waiting iiass for E
patients arriving during tha 0900 and 1000 arrival howurs would
be 8% and 72 minutss reecpectively, which exceed the 60-xinute
maximun average waiting tima criterion.

Alternate Scheduling Method #2 wculd eliminate both the
0900 and 094% appointment slota. The longest expactad averagse
patient waiting time undsr this scheduling methcd is 51 ninutes
for tha 0900 arrival hour, which nects the waiting tiae
criterion. Alternate Scheduling Method #2 is consaquently
selected as the optimal acheduling method for the firat thrue

montha of the EMU project. Since the number of appointments
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that will ba available for the remaining 1300 appointment .ot

exceeda ctha <¢ipactad demand for examinations at that hour, it
waa not necessary to use linear programming to determine the
optimal mix of examinationa to be acheduled.

Alternate Schoduling Method #3 devotes the Picker or
General Electric sxamination rooas to scheduled crxaminstions
from 0730-111% and 1300-1500 daily during the laast six months of
the ENU project. The analysis revealed that the sSarvice
capacity of thia room would exceed the average time that would
be raquired to corplete the examinations for each arrival hour
of the day, so patiant waiting time ia expected to avii-ags leas
than 20 minutes.

The Phillips room is left to parform all the *he general
x-ray sxaminations. Although the averags time required to
complete the exeminaticons would exceed the service capacity of
the Phillips room during the 0800 arrival hour, the expetted
average patient waiting times are only 23 and 26 minutes for the
0800 and 0900 arrival hcurs, so the 30-ainute patient waiting
me oriterion i= met by both examination rooms under Alternate
Scheduling Method #3.

Alternate Scheduling Metheod #4 devotes both avgilsble
exanination rooms to general x-ray examinations from 0730-0830
daily. This resulta in & 45-minute raeduction in the time
available for aschaduled examinations in the Piclker and General
Electric examination rooma. Since Alternste Scheduling Method

w4 Qould achedule fewer examinations than Alternate Scheduling
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Method #3, Alternate Scheduling Hethad #4 will also meat the
30-minute patient waiting time critsriorn.

The optimal mix of examinationa to be scheduled was
deternined through lincer programming techniguee for both
scheduling method alternativas. Alternate Scheduling Method #3
nearly meets the axpacted demand for examinstionse. It isg
projected that only nine patients would ba asert Lo other
hospitals for exurinastions ccating s totsl of 8297 in a
four-weak period.

The optinal mix of examinations to be schedulsd under
Alternate Scheduling Mathod #4 would fall short of the expected
demand by I9 pstients. The axaminationa pevformed by other
hoapitals for these petients would cost the hospitai #1077 pex
four-waek period.

Both alternate scheduling methode meet the waiting time
criterion. Alternata Schadaling Nethod #3 ia serlected as the
optimal achaduling method for the final aix months of the ENU
project bacause it would send 20 fewsr patienta to other
hospitals for examinations each four-week period at a savinga of

$780.

RECOMMENDATIONS

Converaion from the currvent method cf scheduling
exarinetions toc Alternate Scheduling Method #2 would force MACH

to pay for sbout 30 additional fluorocscopic and specisl

62




exaninations with Supplemental Care funds every four weeks.
Asauming the digtribution of the examinations asent out ie thae
sane as tha distribution of examinationa that are sxpected to be
demanded (Appendix E), the 30 sxaminatione would coet MACH
epproximately $£2250,

Thae Pstient Administration Division would be affected by a
change to Alterneta Scheduling Method #2. The two Health
Benafites Advisora are reaponsible for schaeduling patients for
exaxinationa and for all the other administrativa matters
asgociatad with the referral of examinations. They would have
to shouider the adeiniatrative burder. of 30 additional ceferrale
avary four weeka.

Thiz =tudy identified the optimal achaeauling mathed for a
given set of conatraints and criteria. The 60-minute maximum
acceptable average waiting time criterion waa established bafore
the costa of meeting it waere known. The additonal costs
identified above--mnonetary and administrative--shculd be
corpared toc the benefits of reducing the longest hourly avarage
patient waiting tire from ©4¢ to 51 minutes before Alternate
Scheduling Method #2 is sdopted.

Alternate Scheduling Method #2 calle for 30 mammograma to
ba achaduled during each four-week period. Tha Rediology
Dapartmpent should schedula one mammogram aach morning in
arddition to the four that would be scheduled aach afternoon in
order to meet tha projected demand.

The maximua accsptable walting time for an appointment that
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is noted on the syaminetion request should no longer ba the only
factor usec to decide whether a given fluoroscopic o1 special
procedure is done at MACH or at some other facility. By
comparing tha examsinations to be sacheduled in Tables 16 and 18,
it can be seen that the upper gastrointestiinel examinations
sahould be given pricrity for referral under Supplemental Csre if
the demand for examinations that is actually experienced during

t e last six monthas of the ENU project exceeds the projectiona

in Appsndix E.
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N APPENDIX B ~—’
RADIOLOGY DALY PROCEDURE SCHEDULE

DATE _

EXAMINATION PATIENT INFORMATION DOCTOR INITIAL RESULTS

0730 Hours | NAME
3N -
PHONE #

0815 Hours | NAME
SSN

PHONE #

0900 Hours | NAME
SN

PHONE #

0945 Hours | NAME
SSN .

PHONE &

1030 Hours | NAME
SSN

PHONE #

1300 Hours | NAME
SSN

PHONE

1345 Hours | NAME
SSN

PHONE #

1430 Hours | NAME
SSN

“PHONE # -

st
bt
.

1515 Hours | NAME

e SSN

PHONE #
On-cail NAME

SSN

| YHONE #

On-call NAME

SSN

PHONE #
MACH FORS 220 B350~ 30—2 Acg B4
1 Jul 84 (Rev) 85-2574 PREVICUS EDITIONS OF THIS FORM ARE OBSOLETE. *




APPENDIX C

MACH, Ft Leavenworth, KS 66027
NAME
SSN .
DoR Te
1] — d0q
NSS
MACH Form 51 ELLLS

15 Kay 85 {Rev)

o 1839 1000—feh &t £3099 SY ‘yiomuaned] 34 ‘HIVIN




AFPENDIX D

STUDY PERIOD DATA BASE

Explanation of Data Elements

Column #1: Record number

The computer program consecutively numbers each record as
the data elemanta are enterad into the data baase.

Column #2: Day that the examination was performed

FRI1 atends for Friday of ths first week, HON3 atands for
Monday of the third week, etc,

Column #3: Service that requeated the sxamination

Thea abbrevietions stand for the following services:

ALGY Allergy Clinic OBRGY Obatetrics/Gynecology

COKH Coamunity Health Servicae ORTH Orthopedics

DENT Dental Clinic PEDS Pediatrics

EENT Eyasa, Esrs, Noae PT Physical Therapy
and Throat Clinic SURG General Surgery

ENER Emergency Roon WD2B Ward 2B

FAMP Family Practica Clinic WD2C Ward 2C

GOPC General Outpatient Clinic WwD3P Ward 3B

INTM Internal Haedicine DB U.S. Disciplinery

NEDX Medicel Exam Clinic Barracks Ward

MENT Mental Health Clinic UsSpe U.S, Disciplinary

Barracka Clinic

The abbreviationa atend for the following typea of

examinations:

ABD Abdominal Series Kus Kidneys/Ureters/Bladder
ARTH Axthrogram KHULT Multiple Exeminations

BE Barium Enena SPEC Other Special Examinationa
CHST Cheast/Ribs SPIN Spine

EXTR Extrenetiass TONO Tomogram

FLUR Othar Fluoroscopic UGl Upper Gastrointestinal
HEAD Heead/Sinus XERO Xerogranm

IvP Intreavencua Pyelogranm




Column #3: Arrival hour

Hour of the day that the patient arrived in the radiology
department is notod as follows:

Q0800: 0730-0829 1300: 1230-1329
G900: 0830-0929 1400: 1330-1429
10C00: 0930-1029 1500: 1S30-1%29
1100: 1030-1129 1600: 1330-1600

1200: 1130-1229

Column #6: Waiting time

The wajiting time is the number of minutes from the time the
patient arrived at the Radioclogy Department until the patient
entered the examination room.

Column #7: Service tims

The service time is the number of minutes that the patient
actually occupied the examination room.

Column #8: Tranaition tire

The transition timse ia the numbar of minutesa alapsad from
the time a patisent dapaerts the examination roon until the next
patient, who has been waiting, entera the axsmination room.




IS8T FOR DAY= "FRI1’
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LIST FOR DAY="MON1"

00041 MON1 ORTH SFIN 0800 24 2 8
00042 MON1 GOFC EXTR G800 5 4 0
Q0a4E MONL1 EMER EXTR 0800 27 4 2
00044 MON1 INTM CHST 0800 42 = 4
00045 MONI FPEDS SFIN 0800 Sl = g
000445 MONL GOPC EXTR QBQO a7 2 11
0047  MON1 WDZEE CHST 0900 1 4 )
00048 MON1 USDE EXTR OBOO 78 5 )
00049  MONL GOFC CHST OBOO 89 2 ]
OOO3I0  MONL MEDX CHST Q80O 82 < 1
QOOS1 MONLT GORC CHST 0800 78 4 9
GDO52 MON1 ORTH EXTR 0B0O 72 1 1
QOO5E MON1T EMER EXTR Q800 &4 2 17
0ao34  MONL GOPC EXTR O8O0 32 = g
QOO55 MONL GOPC EXTR 0800 o2 7 ]
000546 MONL GOFC EXTR 0900 8= G ]
0057 MONIL EMER EXTR Q%00 101 3 0
000EE MONL GOFC EXTR QR00 107 2 2
OOO3E MONT FEDS EXTR O00 80 5 11
00060 MONT GOPC SFIN 0200 D= 14

00061 MDNI GOFC EXTR 1000 81 = O
QOO&L2  MONL GOFC EXTR 1000 75 16 O
D006 MONL FEDS EXTR 1000 80 17 ]
00064 MONL WDTEB CHEBET 1100 70 4 &
QONeS MON1 WDZR IVFE 1200 20 55 0
COO4E  MONL INTM CHST 17100 119 3 5
00047 MON1 GOFC EXTR 1200 77 5 1
QO0&4E  MON1 ORTH EXTR 1200 86 4 20
00069 MONL ORTH EXTR 1200 110 4 1
QOO70  MONLT EMER CHST 120C 21 =2 1
OOO71 MONLT FAMFP EXTR 1200 82 1 &
QOO72  MON1 EMER EXTR 1200 &8 S Q
QOO73  MON1T WDIB EXTR 1300 13 b 11
OOOT74 FMONL BOFC EXTR OLIO0 a1 = o
00075 MONL INTM CHST 1400 19 ke &
NO0745  MOMI FEDS EXTR 1400 25 = 0
00077 MONL FAMF EXTR 1400 18 A =
000N78  MON1L FEDS EXTR 1400 8 4 25
Q0079 MONI ORTH EXTR 15Q0 5 3 2
00080 MON1 GORPC HEAD 13500 42 10 1
00081 MON1 GOFC EXTR 1500 47 10 9
QUOB2  MOMI INTM CHST 13500 54 = 0
0008%  MON1I ORTH EXTR 1500 a7 2 0
00084 MON1T ORTH EXTR 1500 4% = 4
00GES MON1 GOFC EXTR 14600 47 3 8
Q00OB&  MON1I WDZER MULT 1600 ) a8 1
00087 MON1I EMER EXTR 1600 =7 4 0
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FOR DAY="TUEL "
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MENT
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ABD
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SFIN
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HEAD
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Q00
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Q00
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LIST FOR DAY='WED1"

00128 WED1 FEDS SFIN OB00 2 & .
00129 WED1 MEDX CHET 800 14 2 '
DOL1Z0 WEDR! FEDS EXTR 0300 13 8

00131 WED1 MEDX CHST 0ROO oy 2 1

QO122  WED1 MEDX CHST 0800 20 2

CO1IE WEDI FAMP EXTR 0800 R 4 1

00174  WED1 WDZER UBI  OB0OOD 40 =3

001735 WED1 MEDX CHST 0800 89 3
QO1I6  WEDL GOFC EXTR 0800 7 ;

001737 WED1 MEDX CHST 0800 77
OO1ZE8  WEDLD INTM RE 0200 29
QOIZEY  WED1 FAMF EXTR 0BOO 197
00140 WEDLI MEDX CHET 0800 124
00141 WEDIL INTM CHST OoBQC 137
00142 WED1 GOFC EXTR 09200 132
00147 WED1 ORGY IVF 1000 &5
00144 WED1I MEDX S N 09200 158
Q0145 WEDL GORPC CHST 900 139
Q01445 WED! FEDS CHST 1000 101
00147  WEDL GOFC SFPIN 1000 107
GO140 WEDL ORTH EXTR OLOOGO 103
00149 WEDL FAMF EXTR 1100 114
ON1S0 WEDL FAMP SFIN 1100 84
Q0151 WEDLT ORTH EXTR 1100 Q4
00152 WEDL GDPC CHST 1100 100
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00153 WEDI EMER EXTR 1200 4 ]
00134 WED1 FAMF EXTR 1200 Q= 23

0O155  WED1 EMER HEAD 13200 15

I3

00136 WEDD FAMF CHST 1200 147 2
00157 WED1 GOFC CHSY iZ00 105 =
001538 WED1I FAMF EUER 13200 &9 7
Q0159 WEDL GOFC EXTR 1300 71 s

00160 WEDL FAMF CHST 13200 68
00161 WEDL GOFC SFIN 1400 41
OD162  WEDL INTM CHSET 1400 34
00146%  WEDD FAMF CHST 1500 2d
00164 WEDL GORC CHST 1500 28
00165 WEDL WD2C CHST 15090 18
00166 WED1 EMER EXTR 1500 20
00167 WEDL FAMP EXTR 13500 &0
00168 WED1 FAMF SFIN 1500 59
00169 WEDI GOFC MULT 1500 bé
00170 WED1 EMER SFIN 1300 773
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QO213

FOR DAY=’ THU1 "
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IVF
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LIST FOR

no214
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1,187
0254
QO2ES5
DO2E6
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(NI ]

OE78
QO279
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MONZ
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DAY= "MONZ’
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1000
1000
1 Q00
1000
1106
1200
1100
1300

1300
14900

1400
1000
1500
1600

11
30

-
b

e
At )

57
26
44

Rt

e
|
12
[
J

a9

p—
~J

—
PIN D

P

~d
SETENES
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LIGT
Q0284
0028
00284
0287
oO2ass
00289
DOER0
OO291
QO0E92
QORE

295
Q0296
QQRER7
0O02ee
QORI

OOZ1 4
00
(R8N

10
i6
DOZLT7

FOR
TLERZ
TUED
TUER
TUER
TUE?Z
TUEZ
TUEZ
TUED
TUER
TUEZ
TUER
TUES2
TLEZ
TUEZ
TUER2
TUE S
TUES
TUEZ

TUEZ
TUER
TUER
TUERZ
TUEZ
TUEZ
TUEZ
TLESZ
TUER
TUES
TUEZ
TUER
TUEZ
TUER
TUER
TUEZ
TUEZ
TUE 2
TUE?D
TUEZ
THED

INTHM
MEDX
ORTH
MEDX
WDIZE
FT

FaMr
MEDX
EMER
GOFC
INTM
ORTH
GO
M DX
ORTH
INTM
INTM
ORTH
MEDX
ORTH
ORTH
MIZDX
ORTH
ORTH

= BOrC

FEDG
GOFC
QrTH
GOFC
FaMP
INTM
ORTH
ETHIEW
EMER
ORTH
FAME
GO
NRTH
EMER
INTM
MEDX
ORTH
ORTH
GOFC
GIFC
CorC
CORC
EMER
ORTH
GOFC
EMER

DAY= TUEZ"

EXTHR
CHST
EXTR
CHST
CHET
EXTR
EXTF
CHST
CHET
EXTR
BE

EXTHR
VG 1

CHST
EXTR
EXTR
EXTR
EXTR
CHST
SFIN
EXTR
CHST
EXTR
SFIN
CHST
SFIN
SFIN
EXTR
CHST
EXTR
CHST
EXTR
CHST
EXTR
EXTR
SFIN
CHST
EXTR
EXTR
SFIN
CHST
EXTR
HEAD
EXTR
CHST
MULT
EXTR
EXTR
EXTH
HEAD
SFIN

Q800
ngo0n0
OROO
OB00
0800
0DEOo
08B00
ORO0
0900
Q00
00
000
Q00
D00
(00
QP00
COO0
1100
1000
1G0GO
1000
1 OO0
100
1000
1100
110G
1100

1200
1200
1200

13200
17200
1500
17200
1400
1400
1400
1400
1400
1500
1500
1500
1500
1500
1500
1400
180G
1400

G

L
[
)

Iy Iy ofdoee

o~

[ I SR

[N

[E 1
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]

WAoo — &

3N

T F

oS R S ot

P




QOOI42
OOZ473
QO 4

WEDZ
WEDDZ
weED:2
WEDR
WED?2
WEDZ
WED2
WeED2
WED?Z
WEDZ
WEDZ
WEDZ
WED 2
WED2
WED2
Wizh2

WEDZ
WED2
WEDZ
WEDZ
WED2

LIET YD
VYRl Ar al

EMER
ORTH
ORTH
MEETIX
OBpsY
FAMF
GOFC
INTH
FEDS
GOFC
GOFC
GORFC
GOFC
FAaMe
EMER
INTM
GOFC
GOPE
A
WDIMT
MEDX
EMER
GBGY

> DRTH

FAamF
ORTH
GOFC

T FOR DAY= WEDZ

EXTR
EXTR
EXTHR
CHST
IVF

'[ \'} IZZ:-

BFIN
CHST
EXTR
CHET
EXTR
SFIN
CHET
EXTR
SF TN
CHST
SR IN
CHST
CHST
SFEL
CHST
CHET
CHST
EXTR
FUR

EXTF

EXTR

Q8O0
agOo
0goo
Q800
Q900
1000
000
1000
1100
1100
Q00
1100
1200
i200
17500
1300
1700
17200
1200
1400
1400
1400
1400
1500
1500
1600
1600

R e b

H0
40
1
10
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e
R aRoNL P
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78

16
12
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LIST FOR DAY= THUZ’
OOT6T  THUZ GURC EXTR OQOO0 15 A 9
OOZAT  THUZ MEDX CHST 0BOO G o 5
Q064  THUZR GOFC EXTR 0OBQO 8 14 O
COTES THUZ MEDX CHST 0BOO 17 1 0O
OO7R66 THUZ BOFEC CHST oBOG 14 10 0
OO&7  THUZ ORTH EXTR Q8OO 23 10 1
Q0768 THUZ GOFC EXTR Q800 27 4 0
OOTAY  THUZ GOFRC CHST 0900 20 2 g
THUZ2 WD2C SFEC 0%00 2 &9 0
THUZ GOFC BFIN 0900 55 20 1
THUZ2 ORTH EXTR 0200 104 &

THUZ GOPC EXTR 000 1035 2

THUZ2 MEDX CHST 0500 52 =

THUZ FAMFP EXTR 0900 114 2

THLZ GOFC EXTR 0900 109 &

THUZ INTM HEAD 0200 106 g 12
4

DITE THUZ2 BOFC SPIN 1000 115
QOZE79  THUZ BOFC CHST 1000 107
. THUZ ORTH EXTR 1000 P8
THUZ ORTH HEAD 1000 21
THIZ INTF CHST 10040 86
THUZ ORTH EXTR 1100 85
THUZ EMER EXTR 1100 68
THUZ ORTH EXTR 1100 7& 2
THUZ ORTH EXTR 1100 57 10
THUZ FAMF SFIN 1100 7 17
THUZ ORTH EXTR 1200 g2 10
THUZ ORTH EXTR 1200 87 1
THUZ GOFC EXTR 1100 88 X
THIUZ FAMF CHST 1200 7 (=]

1

4

b i e L e

o IR

.
(=]

THUZ INTM SFIN

;g = s

. EoTHUR GORC EXTR LZIOO 1
QOEP4 THUZ ORTH EXTR 14006 11 10
ol . THUZ MEDX EXTE 1400 15 o
QUL THURZ ORTH EXTR 1400 20 1
00397 THUZ FAMF HEAD 13500 7 &
' & THUZ GORC EXTI 0900 | 8]
VPG THUZ WDER CHST 1500 1 & ¥
G400 THUZ2 ORTH EXTh 1600 G 16 Q0
. LIST FOR DAY= "FR1Z’

00401 FRIS OFTH SF1IN 0goo
00402 FRIZ INTM UGI  0gou

Fy
-~

PRy Y

[y
~
b}
P

le

OO407%  FRIZ EMER CTHET 0800 )

00404 FRIZ GOFC CHET ogoo
DO40S  FRIZE INTM IVE 0BOO
0406 FRIT WDIR CHST 0900

79




o LIST
QO4:07
00408
QO{09
OO410
00411
00412
Q0413
cO414
004135
Q0416
00417
o041
00419
Q420
00421
o420
QO42T
G044
Q04°25
QOaATL
0O427
Q0428
Q0429
Q40
QO4E1
004
OO47=ET
Q0474
OO47S
Q0478
QOD4ZET
004738
OO47E9
00440
Q0441
0442
00447
00444
00445
Q04 4&

FOR DAY= "MONZ"’

MONE
MONZ
MORZ
MONZE
MONE
MONZ
MONZ
MOMNE
MONZE
MONZE
MORE
MO
MONL
MONZ
MONT
MONZ
MONZ
MONZE
MONZ
MONMZ
MONZ
MONZ
MONZ
MONTZ
MONE
MONZ
MORN
MONZ
MONT
MONT
MONE
MONZ
MONT
MONZ
MON
MONZE
MONZ
MONT
MONE
MONZ

MEDX
EMER
SURG
GOFC
UsSDE
USDhE
USDE
GOFC
GOFC
FAME
MELX
MED X
ORTH
ITRTH
BORC
GORC
DKTH
ORTH
MEDX
MDY
MEDX
QRTH
GOFC
MEED X
MEDX
ORTH
ORTH
ORTH
GOFC
EMER
FaMEF
GOFC
GOEC
GOFC
OBGY
WDZEE
GOFC
WDR
GOFC
WD2AC

EXTR
EXTR
CHST
EXTR
EXTR
SPIN
HEAD
CH&T
CHST
UGl
CHST
EXTR
EXTR
CHST
SFIN
RE
EXTR
EXTR
CHST
CHET
EXTR
EXTR
SHST
CHST
CHST
EXTR
EXTR
EXTR
CHST
EXTR
SEIN
EXTR
CHST
EXTR
FLUR
B
SFIN
CHST
MULT
EXTR

O8O0
[sl=1818]
Q800
0800
OO0
0800
OBOO
OZo0
0800
OBOO
O8O0
Q800
0800
Q00
[B1=1818)
1000
OO0
0900
OCO
000
1000
1000
10Q0
1000
1100
1100
1000
1200
1200
1200
1200
1200
1300

1500
1400
1500
1200
1500

N

T

[ e

d
o U

4

49
&E
&6
FAY
101
76
98
753
G7
19
118
156
10
112
115
116
100
120

Q&
153
7 és
80
bé&
S%
54
S4
S56
68

T
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59
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LIST
00447
00443
00449
Q0450
a0451
Q0452
Q0453
00454
Q0455
QQA4TE
Q0457
00458
QO4a59
Q0440
00441
00462
QUA4LTE
Q0464
004465
0466
Q0447
004682
00469
Q0470
00471
Q04732
Q04773
00474
0GO473
an474
QQAa77
Q04786
OGATS
OO 480
00481
00482
0O048%
00484
Q048s
00ABs
QU457
00488
00489

FOR DAY= "TUEZ"

TUES
TUEZ
TUEZ
TUES
TUEZ
TUEZ
TUEZ
TUEZ
TLIEX
TUEZ
TUEZ
TUEZ
TUETS
TUEZ
TUEX
TUEZ
TUEZ

TUEZ
TUET
TUE

(IR

GOFC
ORTH
ORTH
MEDX
MEDX
ORTH
GORC
EMER
COMH
GOFC
GOFC
COMH
ORTH
FAamPE
MED X
GOrC
FAamME
EMER
ORTH
ORTH

=% EMER

. GOFC
. MEDXL
. MEDX
2 ORTH
S ORTH
- ORTH
. ORTH

ORTH

EZ EMER

GLUFE

. FAMP

T
Urv i

L EMER
. COMH
. BOFC

£7 USDE

TUES
TUETZ
TUEZ
TUES

ORTH
ORTH
INTH
INTM
ORTH
TNTM

HEAD
EXTR
EXTR
CHST
CHST
EXTR
EXTR
EXTR
EXTR
EXTR
EXTR
CHST
EXTR
EXTR
CHST
BE

HEAD
EXTR
EXTR
SF 1N
EXTR
SFIN
CHET
CHST
EXTR
MUL.T
EXTR
EXTR
EXTR
CHST
MUL T
SFIN
XERo
K UE
BHS
CHST
TOMD
EX IR
MULT
CHS
EXTR
EXTR
SFEC

0800
0800
a8OO
0800
0800
0ngO0
0800
OO0
[e1=10]8]
O8O0
000
Q00
OO0
000
D00
1000
1006
1100
1000
1000
1000
1000
1000
1000

10350
1. GO0
1 GO0
1100
1100
200
100

1200

| 200
1306
1400
1400
1400
1400
1400
1400

-

13
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b
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LIST FOR DAY= "WEDX'
00490 WEDZ MEDX CHST 0800 10
QU491 WEDZE ORTH SFPIN 0800 173
00492 WEDRZ FAaMP CHST 0800 20
00497 WEDT EENT HEAD 0800 13

NS RN,

Q0494 WEDIT ORTH EXTR 0800 14 7
00495  WEDZ GOFC EXTR 0goo i@ - i
O0494 WEDZ OBGBY CHSET 0800 25 2 1
Q0497  WEDZ BOFC EXTR o800 17 = 1
GOA?8 WEDD GOPL £XTR 0800 17 5 9

D049%  WEDZ EMER EXTR Q900 9 = 0
00500 WEDZ? EMER EXTR Q%00 i
om0l WEDE GOFC UGBTI OR00 10
O0H02  WEDZE GOFC EXTH 1000
QOE0OE WEDRD GURC UBL  0R00 &5
QOSF04  WEDI FAMP EXTR 1000 =3
QOSSO WEDD FAMP SFIN 1100

! 5 WEDZ PEDS SFIN 1100
WEDZ GOFC CHST 1200
WEDZ GOFC CHST 15730
. WEDZ GOFC CHST 1200
00510 WELRZE EMER SFIN 1200

fod

o o bt
\
ot

3
Y

TR NDT R

Q03511 WEDZ INTHM CHST 1200 4% =

00512 WEDE COMH CHST 1I00
OO51E 0 WEDT MEDX CHST 1300 26
00514 WED? EMER HEAD 1300 R
00515 WEDT ORGY IVF 1400 13 30 1

00516 WEDI ORTH EXTR 1300 g2 b
O0OS17  WEDE GOFPC 1EXTR 1300 92
00518 WEDI ORTH EXTR 1400 69 3
O0E19  WEDE FAMP THET 1400 75 2
i WEDZ ORTH EXTR 1400 79 4
L WEDZ ORTH EXTR 1400 8z X
OOIER WEDZ ORTH EXTR 13500 a8 5
- WEDRE GOFT CHST 1500 L 1
WEDZ SURG THOT 1500 26 1
C’\

.}

G
o
= g

—

i
i

]
ih

SO R} = = R R R D e NN e

(o
£od

00525 WEDI ORTH EXTR 0 Q@ )
00524 WEDT PEDS SFIN _ 0 ) 15 Q

82




LLIGT FOR DAY= THUZI’

00527 THUZ FAMF SFIN 0BOO 3
00528 THUZ INTM CHST 0goo 6
Q082 THUZ FAME CHST 0800 12
QOEE0 THUZ ORTH SFIN 0200 ]
% THUZ ORTH EXTR 0900 22
THUZ FAMF EXTR 000 20
3 THUZ OBGY IV 000 o9
00534 THUZ EMER CHST 000 2
00FEE THUSZ GOFC EXTR 0%00 72
3 THUZ ORTH SFIN 0200 70
THUZ ORTH EXTR Q900 80
205EE THUZ GOFC EXTR 1000 58
00539 THUZ ORTH EXTR 1000 I6
OOS40  THUZ FAMFE CHST 1000 E]
00541 THUSE GOFDC EXTR 1000 Y
CcOH4Z THUZ WDZR §PIN 1000 &4
00547 THUZ ORTH EXTR 1100 28
00544 THUZ FamMP CHET 1100 S
00545 THUZ ORTH EXTR 1100 7
00544 THUZ FAMF CHBT 1100 a9
OOG47  THUT FAMPE MULT 1100 T
00548 HUT ORTH EXTR 1100
00549 THUIZ FAMF CHET 13200 2
00550 THUIS EMER EXTR 1200 20
0055 THUZ WDIER BE 200 9

159

[ s
PO bR
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= D
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5B N O R i G F = O 3
S B E e o NS

[ e S I IS G I

id

w

)
~J

= I RJLR ORI H

- O B (f

D055 THUZ FEDS CHST 1200 8% )

OOI5T THWE INTM CHST 1300 40
QUES THUZ USDR EXTR 1200
00555 THUI FAMF EXTR 130C
QOS54 THUZ DRTH EXTR 1 .

00557 THUIZ ORTH EXTR 1300 25
OOESE THIET NMRTH FXTR 1400 46
DO559  THUT DRTH EXTR 1400 144
QO560 THUZ ORTH EXTR 1400 47
00561 THUZ ORTH EXTR 1400 4.9
O0O%S&HT  THUZ GOFC CHST 1400 47
OOBSLT  THUZ GOFEC ARD 1400 2
D056E4 THUZ EMER SFIN 1600 2 10 0
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IS8T
00365
Q0566
OOS67
Q054
Q0569
OOS70
0571
Q0572
QOS773
Q0574
QO573
QOE76
00577
00no78
QOH79
0580
0051
n0ERL
OO583E
Q0ER4
Q0LES
QOHE6
QOESR7
005as
aon5ae
QUS90
Q0591
00E92
OOEHIT
Q0594
Q0e95
QOHPE
GOSI7

FOR DAY= FRI4’

FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRI14
FIRRI4
FRI4
FRI4
FRT4
FrRI4
FRI4
FRI4
FRI4
FRI4
FRI14
FRI4
FRI4
FRI4
FRI4
FRI4
FRI4
FRIA4

FameE
FAMF
ORTH
MEDX
FT

UsDRr
ORTH
GOFC
FEDS
GOFC
GOFC
ORTH
EMER
FaMF
Famr
A
ORTH
EMER
BOFC
GOFC
FEDS
GOrFC
EMER
FEDS
ORGBY
WDZR
FaMe
GOFC
GOFC
GOFC
EMER
GOFC
FEDS

SFIN
SFIN
EXTR
CHST
SFIN
CHST
EXTR
IVF

CHST
EXTR
HEAD
MULT
EXTR
UGl

EXTR
SFIN
EXTR
EXTR
HEAD
EXTR
HEAD
HEAD
MULT
SFEC
IV

CHST
EXTR
SFIN
EXTR
EXTR
EXTR
EXTR
MUL.T

O8O0
0800
0800
0800
0800
Q800
OBCG
Q00
aga0n0
0200
O8O0
0200
1000
1000
1000
1100
1100
1000
1100
1100
1100
1100
1300
1200
1300
1300
1100
17200
1 200
1200
1500
1400
1500
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LIET FOR DAY= MON4 -
00598 MON4A ORTH SFIN 0800 15 53 2
00599 MON4 FAMF EXTR 0800 19 =) 2
QOO0 MON4 GOFC HEAD 0800 & 7 &
NOL01  MON4 ORTH EXTR 08QO 0 11 1
QDL MON4A ORTH EXTR 0800 G o Q
00603 MON4 WDER CHET 08GO 8 ) 2
Q04604  MOM4 GOFC ARD OO0 =7 & 2
Q0605 MON4 COMH CHST 0BOO 44 Z 1
Q0605 MONG ORTH EXTR 0800 48 & 4
QO&O7  MON4 GOFL CHST 0800 =57 ) O
00608 MON4 MEDX CHST 0800 &0 1 1
GOL0T  MON4 GOPC CHST 0800 e 2 &
00610 MON4 SURG BE 0Q00 8 e 1
00611 MON4 MEDX SFIN 1000 16 ? 2
DO61IZ2 MIONG GBORC EXTR 0800 Q= & )
QDHIE MON4G MEDRX CHST o800 112 1 1
QO&L4 MON4 COMH CHST 0900 103 ) 1
00615 MON4 SURG BE 1 Q00 48 29 )
004616 MON4 EMER EXTR O900 1221 & 1
00617 MON4G GORC EXTR GO0 27 5 2
O0H18 MON4 DENT HEAD 0900 1734 7 i
00519 MON4 GORC EXTR 0R00 136 2 3
GOE20 MON4 SURG BE 1100 a1 30 2
O0S21T MON4A GOFC SFIN 1100 1464 11 1
00622 MON4 INTM CHET 1000 2= 2 1
0062 MON4 FAMPE EXTR 0900  1&4 & 1
00624 MON4G GORFC EXTR 1100 8= 2 g
QOERS MOM4A GOFC CHST 1200 49 2 x
00624 MON4 GOFC MULT 1200 46 G 1
QO6R27  MON4 FT SFIN L1200 4% S &
00628 MON4 EMER CHST 7 2 &
OOL29  MON4 EMER HEAD 44 10 1
OULETZY FlNG SURG BFIN &4 2 )
QDEEL1L MON4 DORTH EXTR 44 2 |
OOLTE MON4A GOFC EXTR 24 2 &
QOLEE MON4 EMER EXTR 27 5 1
OO6Z4  FON4A ORTH EXTR 27 3 11
O0N&TE  MON4A OBGY SFEC 8 25 b
QOETSH  MON4A GOFC EXTR 1400 27 2 16
OO&F7  MON4 GOFC MULT 1400 1% 20 4
OO6Z8 MON4 WDER SFEC 1300 ) 25 O




LIST FDOR DAY='TUE4"

CO&E9
Q0640
Q0641
QOeaz2
QO&EAT
00644
Q0645
00646
00647
Q0648
00649
O0&50
00ae51
QO&HS2
006D
00&54
QO6SE
GOLHS
QOLS7
30658
O0659
O0&GHY
D044
DOE62
0066
QLELS
DDELS
QDAHGE
O0LHT
D068
QOLLS
OOL70
00671
QLLT 2
QU673
00674
O067S
Q0676
QU&LETT

TUE4
TUE4
TUE4
TUE4
TUE4
TUEA4
TUE4
TUE4
TUE4
TUE4
TUE4
TUE4S
TUE4
TUE4
TUE4
TUE4
TUE4
TUES
TUE4
TUE4
TUE4
TUE4
TUEA
TUE4
TUE4S
TUEA4
TUE4
TUE4
TUE4
TUE4S
TUE4
TUE4
TUE4
TUE4
TUE4
TUES
TUEA4
TUE4
TUE4

wDZw
OR'TH
MEDX
FAMF
DENT

GGFC
GOrC
MEDX
BOFC
INTHM
INTM
MEDX
MEDX
ORTH
GOFC
ORTH
EMER
MEDX
MEDX
ORTH
ORTH
ORTH
INT™M
ORTH
GOFC
ORTH
FEDS
GOFC
ORTH
FaME
ORTH
ORTH
WD
ALGY
EMER
GOFC
GOFC
GOFC

CHST
EXTR
CHST
EXTR
HEAD
EXTR
EXTR
EXTR
CHST
EXTR
BE
CHST
CHET
IV
EXTR
SFIN
EXTR
EXTR
TOMO
CHST
EXTR
EXTR
EXTR
CHST
EXTR
EXTR
EXTR
EXTH
CHST
MULT
SFIN
ARTH
EXTR
EXTR
HEAD
EXTR
HEAD
EXTR
EXTR

QBOO
0Ogoon
OgoQ
OROO
O8O0
0800
O8O0
al=16]8)
0800
0OE00
000
QP00
Q00
1000
D00
QP00
Q00
1000
1100
OFO0
1000
1000
1100
11Q0
1100
1100
1200
1100
1100
1200
1200
1400
1200
1400
1500
1500
1500
1500
1500

129
159
126

&0

213
142
140
129
133
136
121
129
129
123
103
107

25
154
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LIGT
00e78
00679
Q0480
00681
QO&82
QO&sE8E
0OaB4
00L8S
00688
00687
Q0638
Q0589
OQ&7F0
Q0691
QL2
QOAHPE
00LP4
00695
QUERS
QOLEY7
00698
SGOLIT
Q0700
OO701
OG702
QL7OLE
DO704
OQO705
DO706
QO707
OO708
QU709
OO710
OG711
007172
DO71E
0O71a
Q0715

FOR DAY= "WED4"’

WED4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WEDA4
WED4
WED4
WEDR4
WED4
WED4
WED4
WED4
WED4
WEDA4
WED4
WCDb4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WED4
WweED4
WED4
WED4
WED4
WED4
WED4
WeD4

WDIH
MED X
CRTH
MEDX
MEDX
MELYX
INTM
GOFC
GOFC
MEDY
GOF

GOFL
INTM
GEOFC
FEDS
FEDS
EMER
GOFE
FAME
FAaME
EMER

ORTH
FAME
EMER
ORTH
GOFC
GOFC
MEDX
GOFPC
EMER
GOFE
EMER
WwD2C
GOFC
INTM
ORTH
FAME
FOME

CHST
CHST
EXTR
CHST
CHST
CHST
SFIN
CHST
EXTK
CHST
CHST
EXTR
IVF

EXTR
EXTR
EXTR
EXTR
EXTR
EXTR
EXTR
CHST
cHET
EXTR
AED

EXTR
CHST
CHST
SFIN
EXTR
EXTR
EXTR
EXTR
CHST
SFIN
EXTR
EXTH
SFIN
EXTR

BOO
O8O0
O8O0
O8O0
QBOO
0800
Qg0o0
Q00
Q800
QOO0
QP00
Q00
Q00
QP00
Q00
1000
1O00
1 Q00
1000
1100
1100
1100
1100
1100

1300
1400
1400
1400
1400
1500
1500
1HOO0
1500
L SO0

1500

Ao o

Gl o o A

B o R
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24
24
07
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al

16
21
ol
x7
A4
26
kS |
14
17
19
10
11
11

20

L1 R3 G fd D

)

N RPN ARt R 1 B NRNIS ISRy Iy

et

G

-
BRI BTN DD S

e

1

87

[y
'

ol ]

Lol

-t
s 0o o B

s

3

G~ 5t

&

B




LIST
Q0716
Q0717
H0718
00719
QO720
QO721
OO722
QU72E
DO724
ouT2S
DOT72E
QG727
007E8
QL7229
QO730
Q07351
QO7E2
QU7
OO7E4
OO7E5
O0O736
QO7E7
0O738
QOT7EQ
QO740
00741
00742
COO747%
Q0744
0745
OO746
Q0747
QO748
Q0749
OO750
Q0751

FOR DAY= "THU4 "

THU4
THU4
THU4
THU4
THU4
THU4
THUA4
THU4
THU4
THUI4
THU4
THU4
THU4
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MEDX
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MEDX
MEDX
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ORTH
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ORTH
ORTH
O TiH
EMER
EMER
MEDX

CHST
EXTR
=XTR
SPIN
EXTR
CHST
CHET
EXTR
EXTR
TAaMO
EXTR
CHET
EXTR
SFIN
HEAD
EXTR
EXTR
CHST
EXTR
EXTR
EXTR
EXTR
CHST
EXTR
EXTR
CHST
EXTR
EXTR
CHET
EXTR
EXTR
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EXTR
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APPENDIX E

ESTIMATE OF WORKLOAD EXPECTED DURING THE EMU

AVERAGE NUMBER OF EXAMINATIONS EXPECTED PER FOUR-WEEK PERIOD
August 1986 - April 1987

Type of Examination Aug-Oct Nov-Jan Fab-Apr

Ganaral X-Ray:
Cheat/Ribs 224 200 220
Extransties 360 300 329
Head/Sinus 36 43 43
Spine 80 76 S0
Kidneys/Uretera/Bladder 9 9 8
Abdomainal Seriass 10 1o 11
Multiple 19 18 23

Total 738 656 724

Fluoroscopic and Specisl

Uppar Gastrointaestinal 2% 29 23
Barium Enema 29 20 19
Bariunr Swallow 3 4 2
Gall Bladdar ) 5 )
Small Bowel Follow Through 3 2 )}
Arthrogram 2 2 2
Venogram 2 2 1
Intravenous Pyelogranm 17 la 21
Tomogrem 3 2 3
Xerogram - 1 1
Other S 6 7
Totel 9S4 a1 8%

o
(9]

Nammograns 60

60




Arrival
Hour

0800
0900
1000
1100
1200
1300
1400
1300
1600

ESTIMATE OF EXPECTED

APFENDIX F

ALTERNRATE SCHEDUYLING METHOD #2

TABLE 20

AVERAGE WAITING TIME

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS

ALTERNATE SCHEDULING METHOD #2

Arrival General Sched. Unsached.
Hour X-Rays F&S F&sS
Q800 187 - 1
0S00 105 - 3
1000 91 - 1
110¢ 81 - 2
1209 61 - 4
1200 66 4 1
1400 61 2 3
1500 63 - z
1600 23 - -

Total 7386 6 17

TABLE 21

Total
F&S

INUABN= QR

2

W

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY

ALTERNATE SCHEDULING METHOD #2

Average Average Time

Dmily Raguirad to

Arrivala Complete Examinations

(In minutes?
Gen. F&s Gen. F&S Total
2.35 0.05 92 2 94
5.25 0.15 S1 7 %8
4.53 .03 45 2 47
4.0% 0.10 40 3 43
3.05 0.20 30 S 39
3.30 0.2% 32 11 43
3.03 0.23 30 11 41
3.138 0.10 31 S 36
1.19 - 11 - --
290

Cumulative

UUmewrd arrrve
VNEA e

from Service

Capacity
(In minutes)

+34
+32
+19

+4
-17
~-34
-53
77
-9¢




TABLE 22

DIFFERENCES IN AVERAGE EXAMINATION COMPLETION TIMES REQUIRED

Arrival
Hour

0800
0900
1000
1100

Arrivail
Hour

N800
G950
10090
1100

ALTERNATE SCHEDULING METHOD #2
(In Minutes)

Altornate
Study Period Method #1 Cummulative
(Obaervaed) (Expectec) Difference Differance

105 9S4 -12 ~11

83 S8 ~-25 -36

67 17 -20 -5¢

43 45 +«2 -S54
TAELE 23

ESTIMATE OF EXPECTED AVERAGE WAITING TIMES
ALTERNATE SCHEDULING METHOD #2
{In Minutes)

Study Period Cumulstive Differance Expactaed
Avarage Patient in Average Examination Average
Waiting Time Completion Tima Patient
(Observed) (+ or -) Waiting Time

47 -11 36

87 ~-36 31

94 -56 38

79 ~-54 25

91




ANSWERKS:

VARIABLES

oo ~NoNO -

10
11
13
15
17

VARIABLE

10
11
12

OPTIMAL SOLUTION CO
ALTERNATE SCHEDUL

YOUR VARIABLES 1 THROUGH 10
SLACK VARIABLES 11 THROUGH 22

PRIMAL VARIABLES:

VALUE
33.31249
20
6.666666
2.666667
2.666667
20
1.333333
80
1030

3.015633
4

2

DUAL VARIABLES:

VALUE

30,29167

11.5

0

86.875
75.83333
73.54167
147.2083
31.25

VALUE OF OBJECTIVE FUNCTION

APPENDIX G

MPUTER PRINTOUT
ING METHOD #3

11019.19




APPENDILIX 1

OPTIMAL SOLUTION COMPUTER PRINTOUT
ALTERNATE SCHEDULING METHOD #4

YOUR VARIABLES 1 TEXOUGH 1¢C
SLACK VARIABLES 11 THKOUGH 22

ANSWERS:
PRIMAL VARIABLES:
VARIABLES VALUE
1 7.06249
2 2C
4 6.666667
6 2.666667
7 2.666667
8 20
9 1.333333
10 80
11 1030
13 22.70313
5 4
7 2
DUAL VARIABLES:
VARIABLE VALUE
1 0
2 1.21875
3 0
4 30.29167
5 0
6 11.5
7 0
8 86.875
9 75.83333
10 73.54167
11 147.2083
12 31.25

VALUE OF OBJECTIVE FUNCTION 9995.438

93 -




APPENDTX 1

OPTIMAL SOLUTION COMPUTER PRINTOUT
ALTERNATE SCHEDULING METJdOD #3
(25% Workload Increase)

YOUR VARIABLES 1 THROUGH 10
SLACK VARIABLES 11 THROUGH 22

ANSWERS:
PRIMAL VARIABLES:
VARIABLES - VALUE
2 24,666606
6 4
7 A
8 25.33334
9 1.333333
10 100
11 1770
13 2%
l4 .500004
15 5 ¢
16 6
17 3
DUAL VARIABLES:
VARIABLE VALUE
1 0
2 1.702128
3 0
4 0
5 0
6 0
7 0
8 57.87235
9 37.16313
10 44.53902
11 113,0497
12 11.9149

VALUE OF OBJECTIVE FUNCTION 11993.33
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APPENDIX J

OPTIMAL SOLUTION COMPUTER PRINTOUT
ALTERNATE SCHEDULING METHOD #4
. i (25% Worklcad Increase)

YOUR VARIABLES 1 THROUGH 10
SLACK VARIABLES 11 THROUGH 22

ANSWERS:
PRIMAL VARIABLES:
VARIABLES VALUE

2 6.794323
6 4

7 4

8 25.33334
9 1.333333
10 100

11 1770

13 35

14 13.90426
15 5

16 6

17 3
DUAL VARIABLES:
VARIABLE VALUE

1 0

2 1.702128
3 C

4 0

5 0

6 0

7 0

8 57.87235
9 27.16313

R 10 44.53902

11 113.0497
12 11.9149

VALUE OF OBJECTIVE FUNCTION 10563.55
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