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I. INTRODUCTION/f

CONDITIONS WHICH PROMPTED THE STUDY

The demard for radiological examinations at Munson Army

Community Hospital (MACH), Fort Leavenworth, Kai.saa, routinely

exceeda the capacity of the Radiology Department because of an

insufficient number of functional examination room&. Patients

and physicians complain about excesoil'r waiting time* for

x-rays. Large backlog& of request& for fluoroscopic end other

special radiological examinations are common. Scheduled

appointments for these examinationa are often booked for more

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

in October 1965 in an effort to hold the backlog of examination

requests to an acceptable level. Physicians requesting

examinations are to designate the maximum time the patient can

wait for an appointment. If an appointment is not available

within that time period, the patient is automatically sent to

another hospital--usually the Veterans Admitistretion Medical

Center (VAMC) in Leavenworth or the Kansas University Medical

Center (KUKC) in Kansas City--to undergo the examination. MACH-

pays for these examination& with Supplemental Care funds. -

When the proposal for this study was initially developed in

May 1985, MACH had two functional examination rooms equipped

with General Electric and Siemens x-ray machines. A Phillips

x-ray machine was on hend for placement in e third room which
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was to have been completed by June 1985.

MACH expected the addition of a third examination room to

reduce patient waiting time, the backlog of examination requests

and the expenditure of Supplemental Care funds for examinations

at other facilities. However, the benefits of the Radiology

Department's expanded capacity were to be short-lived because of

the Electrical-Mechanical Upgrade (EMU) project at MACH.

Renovation of the Radiology Department under the EMIJ project is

scheduled to begin in August 1986. The *xamtnation rooma are to

be closed for renovation, one at a time, for a period of three

months each. As a result, the Radiology Department was axpected

to again function with only two examination rooms from August

1986 to Way 1987.

MACH never attained three functional examination rooms.

Numerous problems, including an inadequate site preparation

survey and the bankruptcy of a contractor, delayed the

construction of the Phillips room. To make matters worse, the

Siemens machine broke down in Cctober 1985, leaving MACH with

only the General Electric machine funlctional. The Siemens

machine had a hist.ry of frequent mechanical failureo, and

repairs to make it fully operational would have coat Q40,000.

Since a replacement fov the Siemens machine was already

programmed in Ihe Medical Care Support Equipment (NEDCA: E)

program, it was decided not to repair the Siemens machine and to

expedite procurement of a replacement machine. Delivery end

installation of a Picker x-ray machine to replace the Siemens
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machine was expected by March 1986.

Problems with room construction and installation of the

Phillips machine and delays in the procurement and Installation

of the Picker machine have continued since October 1985. The

Phillips machine is now expected to te operational in June 1986.

The Picker machine is expected to be operational by November

1986.

The Radiology Department has functioned with only the

General Electric x-ray machine since October 1985. Although the

Phillips room will be operational in June, it will be closed for

the EMU renovation project in August, so the Radiology

Department will again function with only the General Electric

m~c~h-- durin tha fia thrati.L of the~ pr- The.

Phillips and Picker rooms will be operational during the second

three-month period, and the Phillips and General Electric rooms

will be oparational during the final three months of thI

project.

During the ENU project, the backlog of examination requests

will still be controlled by the policy that automatically sends

patients to other hospitals when an appcintment. is not available

within the time frame specified by the physician requesting the

examination. MACH wants to minimize the expenditure of

3upplemental Care funds for radiological examinations by

maximizing the number of examinations done in-house. However,

the hospital does not want to do so many examinations in-house

that the patient waiting times are excessive. The Radiology
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Department needs an examination scheduling method that minimizes

expenditures on examinations done at other hospitals and

adequately controls waiting times for examinations done at MACH.

PROBLEM STATEMENT

To doternine the optimal method of scheduling radiological

examinations during the electrical-mechanical upgrade (EMU)

project at Munson Army Community Hospital, Fort Leavenoiorth,

Kansas.

OBJECTIVES

1. Analyze the current method of scheduling radiological

examinations.

2. Quantify parameters that describe the current operation

of the Radiology Department.

3. Estimsate the radiological workload that is expected

during the EMU pro3ect.

4. Identify the constraints that are expected to aifect.

the service capabilities and examination scheduling methods of

the Radiology Department during the EMU pro3ect.

5. Based on a literature search and consideration of the

information obtained above, identify alternate examination

scheduling methods.

6. Estimate the longest average waiting time that is

expected during the EMU for patients arriving within a one-hour
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periad, given the alternate scheduling method.

7. Given the constraints associated with the alternate

scheduling methods, use linear programming to determine the

number and mix of examinations to be scheduled at MACH that will

minimize the expenditure of Supplemental Care funds for

examinations to be performed at other hospitals.

CRITERIA

1. The optimal scheduling method will result in a longest

expected average waiting time for patients arriving within a one

hour period that is less than or equal to the maximum acceptable

average patient waiting time set by the Chief of the Radiology

DepartmmnL. ThJo Q c--t, Lo, t-k- a a - -..... ...issss s ss .......sss

criteria.

2. The optimal scheduling method will schedule the number

and mix of examinations to be done at MACH that will result in

the lowest pro3jcted expenditure of Supplemental Care funds for

examinations to be performed at other hospitals as determined by

linear programming.

3. If projections indicate that more then one alternate

scheduling method will accomodate the entire projected

examination workload, the optimal scheduling method is that

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

most convenient for the Radiology Department to utilize.

5



ASSUNPTIONS

1. Staffing levels iknd the productivity of personnel in

the Radiology Department will not change sigaificantly from

their current levels during the EMU pro3oct.

2. There will be no ma3or changes Li the radiological

equipment utilized.

3. Date concerning the time requJred t* perform a given

procedure with the General W'ectric machine can be applied to

the Fickei atid Phillips machines. This assumption is necessary

because the General Electric machine will be the only machine in

operation during the study period.

4. Unless it is altered by the alternate scheduling

method, the hourly pattern of patient arrivals in the Radiology

Department will be the same during the ENU pro3ect as that

observed in the study period.

LIMITATIONS

1, The study La limitcd to investigating changam in th--

metr•i of scheduling radAological examinations. The study will U
not address measures to increase the productivity of the

individuals in the radiology department.

2. For a given method of scheduling examinations, the

estimation of the expected average waiting times during the EMU

(Ob3ective 6) would ide.lly be determined with a queuing model
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or computer simulation. 1 The complexity of a queuing model

that would be applicable to this study precludes the use of the

aodel by the student. Computer simulation techniques will not

be used in this study, because the student lacks the expertise,

time and computer support necessary to develop a computer

simulation program.

LITERATURE REVIEW

A review of the literature revealed a number of management

studies and research efforts related to scheduling of

examinations in radiology departments. Most of the articles

that concentrated directly on scheduling methods Idertified

staffing concerns as the primary impetus for the study.2

Concern for patient waiting time, facility constraints and the

impact of patient flow problems on the nursing staff are other

issues ihat prompted work in this arms.3

Studies to measure the productivity of a radiology

denartment because of high personnel costs, complaints about

waiting time and requests to expand facilities all. touched on

the need for a scheduling system to control the flow of

patients. 4 Articles devoted to the analysis and control of

patient waiting time also covered some aspects of scheduling

methods. 5 One author's description of the ob3ective of a

patient scheduling system illustrates why scheduling issues are

frequently addressed in radiology management *tudies: "An
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adequate pstient scheduling system in a radiology department

should minimize patient waiting time while maximizing use of

personnel, equipment, and facilities." 6

Radiology departments suffer from a chronic problem of

uneven workload during the day. Morning hours are busy, but

equipment and peraonnel are often idle lateor in the day.

Scheduling systems are implemented in an attempt to even out the

flow of patients. Some authors insist that all examinations,

except emergencies, should be scheduled. 7 A computer system

can greatly enhance efforts to schedule all exeainations. 8

Others cite largo numbers of outpatient examinationa and

inadequate communication systems as barritra to scheduling more

than a small portion of the examinations. 9

The literature review yielded examples of industrial

engineering and operations research techniques employed in the

analysis of radiology departments. Work sampling, time records

(logo), *tandard times and time studies are work aessurement

techniques used to determine the length of time required to

parform axaminationu. 10  ..... . patjit t, ima heve

been analyzed with simulation techniques and regression

analysia.11 An article that was located after the proposal

for this study hod been written discussed the use of linear

programming to maximize the contribution margin of an Ambulatory

Diagnostic Center through case mix management. 1 2

Although some articles referred to queuing theory, -he

actual use of queuing theory models and techniques to analyze

a



service capacity and patient wetting times was conspicuously

absent from the literature. Queuing theory is used to study the

functions of service systems.13 Queuing models quantify

such aspects of a service system as: (1) the average time a

customar waits for service, (2) the average number of customers

waiting in line, and (3) the probability that- the service

facility will be idle. 1 4 A problem with queuing theory in

that the models become very complex whes custouer arrival

patterns, queue discipline, service times and service

configurations do not satisfy certain conditions. 1 5 This

eight explain why applications of queuing models to radiology

dopartments were not found in the literature. Simulation

techniques may be useful when the complexity of the service

system pzreclud4ds the use of queuing theory models.16

RESEARCH METHODOLOGY

OBJECTIVE 1: The current method of scheduling radiological

examinations w'11 be analyzed by examining documents such as

Standing Operating Procedures end MKDDAC Regulations, and by

observing the operation of the department. The analysis will

determine the following:

1. Examinations that can be performed in each examination

room

2. Examination rooms and time periods that are normally

reserved for certain examinations
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3. Types of patients (inpatient versus outpatient) and/or

examinations that are normally scheduled by specific appointment

times

4. Number of minutes each room is scheduled to be

available for service on a daily basis

5. Number of minutes hiotorically allotted in the schedule

for various procedures

OBJECTIVE 2: An analysis of the Radiology Department

operation will be conducted using the Radiology Daily Register

(MACH Form 252), the Radiology Daily Procedure Schedule (MACH

Form 220), and the P&tLint Control Card (MACH Form 51).

•w•fl,.% of thoas fomg& a.re provided- a Appendixes A-C. In

addition to the information normally recorded on the above

forna, the following data will be recorded for each examination:

1. Time patient arrived at the radiology department

2. Time patient entered examination room

3. Tine patient departed examination room

The patient arrival time will be recorded on the Radiology Daily

Register by the receptionict. The times the patient entered and

departed the examination room will be recorded on the Patient

Control Cards by the radiology technicians. Data will be

collected over a four-week period.

The data collected will allow the calculation or

description of the following parameters concerning the operation

of the department:
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1. The average service time for each type of examination

2. The distribution of scheduled and unscheduled patient

arrivals for each hour of the day

3. The average patient waiting time experienced by

patients arriving during each hour of the day

4. Fxnminaticn room utilization rates (in minutes used per

day)

5. The numbe,- of radiological examinations requested by

the various clinics

OBJECTIVE 3: The radiological workload expected during the

EMU protect will be estimated based on historical data and any

expected major changes in the demand for radiological

examinations. Workload data will he obtained from the Radiology

Department's monthly workload report and the Patient

Administration Division's monthly report on examinations ordered

under Supplemental Care funds. The estimate will reflect the

expected number of requests for wach type of examination during

the iNU projajt.

OBJECTIVE 4: Various constraints will affect the service

capabilities and patient scheduling methods of the Radiology

Department during the ENU project. The following are examples

of such constrainta:

1. Anount of time available in each of the examination

rooms (a rvice capacity). The hours of operation, staffing

11



schedules, expected equipment down time (to be obtained from an

inspection of maintenance and repair records), and the amount. of

scheduled nonproductive time (e.g. committee meetings) all

impact on the minutes availqble.

2. Specific examinations that must he done in-house. The

desires of the Radiology Department or the medical staff might

dictate that certain examinations cannot be shifted to another

hospital.

3. Equipment capabilities. Certain examinations can only

be done in certain rooms due to equipment capabilities.

4. The maximum acceptable average waiting time that

patients are expected to experience during the EMU. Average

patient weiting times for each hour of the day were determined

under Objective 2. The Chiof of the Radiology Department will

consider this information in determining a maximum ucceptable

expecte6 average waiting time for patients arriving during a

one-hour period (Criterion 1).

OBJECTIVE 5: After conducting a literature search and

considering the information obtained above, alternate scheduling

methods will be identified. Aspects of the scheduling method

that might be changed include:

1. Alteration of the time allotted for various

examinations

2. Alteration of the number and/or type of examinations

that are scheduled

12



3. Alteration of one or more constraints associated with a

given scheduling method (i.e. changes in staffing schedules or

hours of operation could affect the amount of time available in

an examination room)

OBJECTIVE 6: Dat* collected under previous Objectives will

be used to estimate the longest average waiting times expected

during the ENU for patients arriving within a one hour period,

given an alternate acheduling method.

1. The number of unscheduled patient arrivals expected for

each hour of the day will be estimated by aeplying the hourly

distribution of unscheduled patient arrivals (obtained under

3). Th* number 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 expected number of hourly patient arrivals and

service capacity during the ENU will be weighed against the

hourly number of patient arrivals and service capacity observed

during the date collection period to arrive at an estimate of

the longest average waiting times expected duing the EMU.

OBJECTIVE 7: For the alternate scheduling methods with

their particular constraints, tha following relationship exists:

13



Examinations Examinations Total projected
done at HACH ÷ done at other a workload

hospitals

The A-tual objectivo is to minimize the expenditure of

Supplemental Care funds on examinations done at other hospitals,

so the objective function would be:

number of each typo
Minimize: oat of th of examination done

.tioy at other hospitals.

The constraints associated with a particular scheduling

method are most easily expressed in terms of examinations that

are done at HACH. To simplify the formulation of the linear

programming problem, the minimization objective function

involving examinations done at other hospitals can be converted

to a maximization of the "payof" associated with examinations

that are done at HACH. If another hospital charges HACH 050 for

doing a procedure, HACH saves 050 in Supplemental Care funds

(tha payoff) if it can do the examination in-house. The

maximization function would be expressed as:

St/ 4/umoer mc * tnyp
Maximize: (oat of (\o examination )

Coxaainatio \ cheduled at HACH

To illustrate the use of linear programming to maximize the

paycif of a scheduling method, a hypothetical scenario involving

a limited number of examinations and constraints is outlined

belou:

14



Examination I nust be done in room 1 or 2.

Exemination 2 can be done in any room.

Examination 3 must be done in room 2 or 3.

Examination 4 can be done in any room.

Weighted Minutes required

bxsminaon __ga. _ for the nroceduxe

1 6100 45

2 850 30

3 O1 15

4 05 10

Room 2 is temporarily closed for the EMU project. The

Radiology Department decided that ll examination 41s should be

uone in-house.

Let X1j = the number of ith examinations done at MACH

in the jth room during one month.

Objective function:

Maximize: SlOOXil + 050X21 + 05OX2 3

I10X33 * 05X41 + 05X43

Subject to:

45XII + 30X21 + 10X41 • minutes available
in Rm 01 during one month

30X2 3 + 15X33 + 10X43 j minutes available
in Rn #3 during one month

X41* X43 k number of examination 4's
pro3ected for one month

15



The values obtained for the Xijs will be compared to

the pro3ected workload to identify the type and number of

examinations that must be referred to other hospitals, and the

cost of shifting the examinations to the other hospitals will be

calculated.

Although the EMU plan calls for three different

combinations of examination rooms to be used during the

renovation of the Radiology Department, only two linear

programming models will be constructed. Since the General

Electric and Picker machines have the same capabilities, the

mods? constructed for the period when the General Electric

machine is unavailable will also apply when the Picker machine

is unavailable.
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II. DISCUSSION

CURRENT METHOD OF SCHEDULING EXAMINATIONS

The Radiology Department's hours of operation are 0730-1600

Monday through Friday. Rad~ology technicians are on cell to

perform emergency procedures outside the norzal hours of

operation. The Department currently has only one operational

examination room, so the total examination room time routinely

available in 8.5 hours per day. The room is equipped with a

General Electric x-ray machine that is capable of performing

general x-ray, nmammograms, fluoroscopic and special

radiological examinations.

Prior tc October 1985, when two examinations room& were

operational, the Radiology Department scheduled patients for

mammograms, fluoroscopic and special procedures. As

illustrated by the Radiology Daily Procedure Schedule (MACH Form

220) at Appendix B, examinations were scheduled in 45-minute

time-' fna- 0720-1115 and 1300-1600. Gall bladder (OCG)

studies, intravenous pyelograms (IVP's), barium enemas (BE'*),

upper gastrointestinal (UGI) studies and other fluoroscopic or

special examinations that require the patient to fast were

scheduled in the morning. Studies that do not require the

patient to fast--such as arthrograms, venogramap tomograms and

mammograms--were scheduled in the afternoon.

The current method of scheduling examinations has evolved
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from attempts by the Radiology Department to deal with the

const:aints of a single operational examination room.

Outpatient fluoroscopic and special procedures are scheduled by

specific appointment times. General x-ray examinations for

outpatients are perforned on a "first come, first served" basis.

Examinations for inpatients are fit into the work flow on an "on

call" basis, which means the Radiology Depe-tment not£ifies the

ward to deliver the patient wLen tha room is available to do lh.

esamination. All nammograms are sent out to other hospitals and

paid for wtth Supplemental Care funds.

Flu*roscopic and special procedures for outpatients are

typically achkduled for three 45-minute time periods beginning

at09 I 1300 for & day 01 11z Thu

No fluoroscopic or apecial, examinations are scheduled on

Thursdays, because MACH has contracted for the services if a

mobile computerized tomography (CT) unit on Thursday afternoons.

'he MACH radiologist aust be available to read CT scans in the

mobi]e unit by noon, so he cannot risk being tied up with a

backlog of fluoroscopic or speciai prccedures on that day. The

radiologist also attends a continuing education program on the

last Frida' of each mcnth, so patients are not, appointed at 1300

on that day.

Appointments for outpatient fluoroscopic and special

procedures are typicaily booked over a month in advance. The

physician writes the maximum acceptable waiting time for an

appointment on the request for thu examination. If the
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Radiology Department has an appointment time available within

that time period, the patient is scheduled for the examination.

If an appointment is not available, the patient is scheduled for

the examination at another facility, and MACH pays for the

examination with Supplemental Care funds. No scheduling

priority is given for specific types of examinations or for a

particular physician. The maximum acceptable waiting time noted

on the requeat is the only factor used to decide whether a given

fluoroacopic or special procedure is done at MACH or at some

other facility.

Mammograms are currently aent to St. John Hospital in

Loavenworth and to Kaneas University Medical Cinter in Kansas

City, Kanaas. All other examinations are sent to the Veterans

Admiizistretion 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 198S6.

The receptionist recorded the time each patient arrived at the

department on the Radiology Daily Register- (MACH Form 252). The

radiology technician racorded the timos that each patient

entered and departed the examination room on the Patient Control

Card (MACH Form bi). Seven data elements 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 base is

provided at Appendix D.

The first three data elements are the day that the

examination was performed, the clinic or ward that requested the

examination, and the type of examination performed. Legends or

explanations for khe sbbreviations used for these 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. Patients arriving

from 0730-0829 are identified by "0800" as the arrival hour.

Patients arriving from 0830-0929 are identified by "9OO", and

so on. Since the department closes at 1600, the "1600" arrival

hour only applies to patients arriving in the 1530-1600 time

period.

The fifth data element is the weitiog time experienced by

the patient. The waiting time is defined as the number of

minutes from the time the patient arrived *t the Radiology

Department until the patient entered the examination room.

Tha alvth data element is the service time for the

examination. The service time is defined as the number of

minutes that the patient actually occupied the examination room.

The seventh data element is the transition time between

examinations. The transition time is the number of minutes

elapsed from the time one patient departs the examination room

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

examination room. Transition time is counted only when there is
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a patient waiting for an examination. When there is no patient

waiting for an examination and the room Is empty, it. is

considered idle time. Since idle time occured so infrequently,

it was tabulated separately from the data base.

The number of examination&, total service time and average

service time for each type of examination per."ormed during the

study period are listed in Table 1. The overall average service

tise for general x-ray examinations is 5.7 minutes, compared to

a 41.5 minute average service time for fluoroscopic and special

procedures. Although the 52 fluoroscopic and special procedures

represent only 7 percent of the examinations performed, they

account for 35 percent of the total service time.

The averaga service Limes for thrin LypMi WX WaMinatI-n&a

merit comment. The average service time of 12.5 minutes for an

abdominal series examination is skewed by an examination

involving a trauma patient that took 60 minutes to complete.

The other three abdominal series examinations had an average

service time of only five minutes. The multiple general x-ra7

examination refers to patients who ýnderwent more than one

general x-ray procedure, which accounts for the relatively long

average service time for that type of examination. The

radiology technicians thought that the 35 minute service time

observed for the arthrogrem is less than the true average.

Future calculations that involve arthrogrems will use 40 minutes

as the average service time.
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TABLE I

EXAMINATION SERVICE TIMES
(In Minutes)

Total Average
Number of Service Service

Type of Examination Examinations Tlime Time

General X-Rays:
Chest/Rib 202 663 3.3
Extreaeties 347 1641 4.7
Head/Sinus 31 273 8.8
Spine 89 891 10.0
Kidneys/Ureters/Bladder 4 24 6.0
Abdominal Series 4 75 12.5
Multiple 22 427 19.4

Total 699 3994 5.7

Fluoroscopic and Special:
Upper Gastrointestinal 10 283 28.3
Barium Enema 14 602 43.0
Arthrogrem 1 35 35.0
Intvrmvmnous PyDaogram 16 651 40.7
Tomogram 3 181 60.3
Xerogram . 60 60.0
Others 7 345 49.3

Total 52 2157 41.5

In addition to the service time required for each

examination, the number of examinations completed within a given

time depends on the transition time between examinations.

Excessive transition times could result from delay& caused by

incomplete examination requests, patient flow problems,

equipment adjustments required for certain procedures, or

frequent minor equipment malfunction*. The average transition

time observed during the study period was 4.2 minutes.

The time required to complete an examination is actually

the sum of the service time end the transition time. By adding
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`.he 4.1 miakute average transition time to the overall average

service times listed in Table 1, the average completion time for

goneral x-ray examinations is 9.8 minutes, and the average

co.ple.ion time for fluoroscopic and special examinations is

45.( minutes.

The distribution of patient arrivals for each hour of the

day during the study period is shown in Table 2. Almost 40

percent of the patients arrived during the first two hours of

the day. Sixty-five percent of the patients undergoing

fluoroscopic or special examinations arrived during the first

three hours of the day. The scheduled arrivals included 15

.atients wvio were scheduled for 0900, 14 patients who were

scheduled for 0945 and six~ pt-snt• who were scheduled for 1300.

The RcdAology Department had actually scheduled 41 patients for

flunroscopic and spectal examinations during the study period,

but xI:'c patients (15 percent) cancelled for various renaona.

Unache•ul&d arrivals for fluoroscopic and special examinations

includn tha inpatient examinations, which were performed "on

"1"iJP, sr emergencies.
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TABLE 2

DISTRIBUTION OF PATIENT ARRIVALS
(Numbers and Percentage&)

General Schad. Unached. Hourly
Arrival X-Rays I&Sa F&Sb Total
Hour (0 X) (0 ) (X X ) (0 fi)

0800 177 25.3 7 20.0 1 5.8 185 24.6
0900 99 14.2 12 34.3 3 17.6 114 15.2
1000 86 12.3 10 28.5 1 5.9 97 12.9
1100 77 11.0 -- 2 11.8 79 10.5
1200 57 8.2 -- 4 23.5 61 8.1
1300 63 9.0 4 11.4 1 5.9 68 9.1
1400 58 8.3 2 5.7 3 17.6 63 8.4
1500 60 8.6 -- 2 11.8 62 8.3
1630 22 3.1 ---- - 22 2.9

Total 699 35 17 751

&Sched. F&S denotes scheduled fluoroscopic and special
examinations.

bUnsched. F&S denotes unscheduled fluoroscopic and special
examination&.

Figure I depicts the average patient waiting time

experivw7c=d by patients arriving during each hour of the day.

The cnamlination of the long service times required for

fluoriucopic and special examinations and the large numbers of

patient.. &z-3ivifaq early A ira -sdyralzi ve-, -144.4

times during the morning hours. Patients arriving during the

1000 arrival hour experienced the longeot average waiting time

of 94 minutes. The overall average waiting time for the 751

patients included in the study period was 62 minutes.
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FIGURE 1

lAUERAGE PATIENT WAITING TINES
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average waiting tines. The distribution of waiting times in

displayed in Figure 2. Since 319 patients (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

few patients with exceasive waiting times.
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FIGURE 2

DIiDISTRIBUTION OF WAITING TIMES
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The status of the examination room at any givets moment

room, it is identified &a service time. The time between

examinations is transition time. Idle time occutr when the room

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 summarized in Table

3. The combinution of the service and transition times results

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

EXAMINATION ROOM UTILIZATION
STUDY PERIOD

Percent of
Status Minutes Total Time

Service time 6151 60
Transition time 3085 30
Idle time 626 6
Repair and maintenance 413 4

Requests for radiological examinations came from 20

clinics, wards and services during the study period. The number

of examinations requested by each is displayed In Table 4.

There were 717 outpatient examinations and only 34 inpatient

examinations.

TABLE 4

EXAMINATION REQUESTS BY SERVICE
STUDY PERIOD

Service Number Service Number

General Outpatient Clinic 194 Physical Therapy 5
Orthopedics 160 Allergy Clinic 2
Family Practice 87 Dental Clinic 2
Medical Exam Cllhic; 7 K... A--- %a--
Emergency Room 72 and Throat Clinic 1
Internal Nedicine 48 Mental Health Clinic 1
Pediatrics 30 Ward 35 23
U.S. Disciplinary Barracks 15 Ward 2C 7
Obstetrics/Gynecology 10 Ward 2B 3
General Surgery 9 U.S. Disciplinary
Community Health Clinic 6 Barracks Ward 1

ESTIMATE OF WORKLOAD DURING THE ENU

The renovation of the Radiology Department under the ENU
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project is scheduled for August 1986 through April 1987. No

major changes are expected in the demand for radiological

exaainations during this period as compared to the prior year.

The estimates of the expected workload are based on workload

records from the Radiology Department and the Patient

Administration Division's monthly report on referrals of

Supplemental Care for August 1985 through April 1986. The

estimates for each three-month period during the HNU project are

contained in Appendix E.

The workload estimates could not simply be extracted from

the Radiology Department's monthly workload reports, because the

department reports workload differently then the way the

workload data was collected during the study period. For

example, three different views of the spine for a single patient

are counted as three examinations by the Radiology Department,

while they would have been counted as a single examination

during the study. The summary reports also contain workload

performed outside the normal hours of operation (i.e. nights and

weekends). The study period only covered workload performed

during normal operating hours Monday through Friday during a

four-weeh period. To eliminate such discrepancies, workload

data from the Radiology Daily Register (MACH Form 252) were used

in making the estimates. The estimates reflect the average

number of requests for examinations that are expectet during

normal operating hours for a four-week period.
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CONSTRAINTS DURING THE CHU

One of the constraints on the operation of the Radiology

Department during the ENU concerns the x-ray equipment that will

be available. The General Electric will be the only machine

available during the first three-month period. It can perform

general x-rays, mammograms, fluoroscopic and special procedures.

The Phillips and Picker machines will both be available during

the second three-month period. The Phillips machine can perform

general x-rays, mammograms, intravenous pyelograms, tomograms

and xerograms; but no fluoroscopies. The Picker machine has

essentially the same capabilities as the General Electric

available during the last three months of the EMU pro3ect.

With only one machine in operation, the amount of

examination room time available will be minimal during the first

three months of the project. The 170 hours of examination room

time that are ostensibly available during normal operating hours

in a four-week period are reduced by certain factors. A review

of Maintenance Requeast (DA Form 2407) for the General Electric

machine revealed that it was down for repairs or maintenance an

average of 14 hours p!r four-week period (8.2 percent of the

time). f~~( ~vId

The contracted mobile computerized tomography service and

the continuing education programs routinely take the radiologist

out of the department for four hours each Thursday afternoon and
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four hours one Friday afternoon a month. Although the

examination rooms are still available for general x-ray

examinations, fluoroscopic and special procedures cannot be done

because the radiologist is not available. These known absences

would be taken into account in determining the number of

appointment& available for a given scheduling system.

Whenever the radiologist is unavailable because of leave,

temporary duty, illness, etc., the number of appointments is

further reduced. Given the scheduling method in effect during

the study period, appointnents for 47 fluoroscopic and special

procedures would supposedly have been available, but various

absence& by the radiologiaL reduced the number available to 41.

An discussed earlier, six of the 41 scheduled patients cancelled

their appointmants, so only 35 (75 percent) of the 47

appointments that would supposedly have been available actually

resulted in examinations being performed.

The Radiology Department did not identify any specific

procedures that absolutely must be done in-house. A review of

thn reports on referrals of supplementai care revealed that

essentially all types of examinations have been referred to

other facilities at some time. The department naturally wants

to avoid sending any inpatients or patients requiring only

routine x-ray examinations to other hospitals.

As illustrated earlier, the patient waiting time for x-ray

examinations at MACH is quite long. An average waiting time of

94 minutes for patients arriving from 0930-1029 was deemed to be
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unacceptable. Radiology Department personnel consider 60

minutes to be the maximum acceptable expected average waiting

time f£r patients arriving during any one-hour period if only

one x-ray machine is available. The maxisum acceptable expected

waiting time is 30 minutes when two machines are available.

ALTERNATE SCHEDULING METHODS

The opposing objectives of maximizing the number of

radiological examinations performed in-house while keeping

expected patient waiting times below the maximum acceptable

level were the prime considerations in developing alternate

scheduling methods. As discussed previously, the long patient

waiting times are caused by iarge numberA of patient arx-riving

early in the day when fluoroscopic and special procedures are

performed.

The waiting times experienced by patient& arriving within a

given one-hour period depend, in part, on the time required to

complete the examinations for those patients and the time

required t'o complete the examinations for any patients who

arrived during previous hours and are still waiting for

examinations. Table 5 displays the average time required to

complete the examinations for patients arriving during each hour

of the day during the study period, and the average waitinvq

times they Qxperienced.



TABLE 5

AVERAGE EXAMINATION COMPLETION AND PATIENT WAITING TIMES
STUDY PERIOD
(in Minutes)

Average Time Cumulative
Average Required to Variance Average
Daily Complete from Patient

Arrival Arrivals Examinations Service Waiting
Hour Gen* F&Sb Gen F&S Total Capacity Time

0800 S•5 0.40 87 28 105 +45 43
0900 4.95 0.75 49 34 83 ÷68 87
1000 4.30 0.55 42 25 67 +75 94
1100 3.85 0.10 38 5 43 .58 79
1200 2.85 0.20 28 9 37 +35 65
1300 3.15 0.25 31 11 42 .17 50
1400 2.90 0.25 28 21 39 -4 46
1500 3.00 0.10 29 5 34 -30 38
1600 1.10 -- it 11 -49 19

aGen denotes general x-ray&.
bF&S denotes fluoroscopic and special examinations.

The average daily arrivals for general x-ray and

fluoroscopic and special examinations were datermined by

dividing the number of arrivals in Table 2 by 20, since each

four-week period contained 20 days. The average times required

to mmim*M *hm wmmilnration WVarm calculated by multiclvAng the

average daily arrivals for general x-ray end fluoroscopic and

special wxeminutions by their average compleation times of 9.8

and 45.6 minutes respectively. The cumulative variance from the

&ervice capacity for each arrival hour was calculated by

subtracting GO £rom the total average tine required to complete

the examinations for that hour, and addin2 the difference to the

cumulative variance from the previous hour. A cumulative
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variance greater than zero indicates that, on the average, the

workload excoeds the service capacity of the department and a

backlog of patients waiting for examinations exists.

The average time required to complete the examinations

exceeded 60 minutes for each of the first three hours of the

day, with the cumulative variance from the service capacity

reaching 75 minutes. The patients arriving from 0930-1029

experienced the longest average waiting time bfcause they had to

wait for the backlog of patients from the first two hours of

operation to be examined. The average times required to

complete the excminations were less than 60 minutes for the

rexeiniang hours of the day, and the averaga patient waiting

times continued to decreasa during those hourn as the backlog of

patients diminished. The department did not "ocatch up" with the

backlog of patients until the cumulative variance from the

service cepacity turned nwgative during the 1400 arrival hour.

Therefore, on the average, the excess workload of the first

three hours of operation affected the waiting times for patients

arriving up through the 1300 arrivai hour. A change in the

scheduling uethod that would change the required -xamination

compleaior time for any of the Zirst six hours of the day would

affect the average waiting times for patients arriving during

subaequent hours until 1330.

A scheduling method that shifts patient arrivals into the

afternoon hour& would reduce the long average waiting times in

the morning hours, but shifting the pattern of patient arrivals
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would be very difficult to accomplish. Most of the fluoroscopic

and special procedures requir. the patient to fast prior o the

examination. Shifting these examinations to the afternoou would

increase patient discomfort. General x-ray examinations are not

scheduled, so the Radiology Department cannot control the

arrival Vattern of these patients. It is not feasible to

schedule these examinations because of their short duration,

their acute nature, and the difficulties that would be

encountered in coordinating appointments with a large number of

outpatients and requesting physicians. Other authors have

reached the same conclusion regarding the feasibility of

scheduling general x-ray examinations. 1

The only apparent method to keep expected patient waiting

times below the 60-minute maximum acceptable level with a single

operational x-ray machine is to reduce the number of

fluoroscopic and special examinations scheduled to be performed

in-house. Two alternate scheduling methods are proposed for the

first three-month period of the EMU pro3ect.

fluoroscopic or special procedure at 0900 and one at 1300 daily

(as compared to the current method of scheduling such

examinations at 0900, 0945 and 1300). The 0900 appointment

should be reserved for examinations that require the patient to

fast. The 1300 appointment will be used for examinations that

do not require the patient to fast. No examinations will be

scheduled on Thursdays 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 program.

Alternete Scheduling Method 02 is to schedule only one

fluoroscopic or special examination at 1300 with no examinations

scheduled in the mornings. The exceptions noted above would be

made for the mobile CT service end the continuing medical

education program.

Unscheduled fluoroscopic and special examinations (i.e.

inpatients and outpatient emergencies) will still be performed

in-house and all mammograms will still be sent to other

facilities under both alteznete scheduling methods.

Two x-ray machines will be available during the ascond and

third three-month perioda of the EMU. The Phillips and Picker

rooms will be operational during the sacond period and the

Phillips and General Electric rooms during the third period.

The General Electric and Picker machines have the same

capabilities, so the same scheduling alternatives would apply to

both time periods. In the subsequent discussion of the

alternate scheduling methods, all references to the Picker

machine used in the second period would also apply to the use of

the General Electric machine in the third period. Two alternate

scheduling methods are proposed for the second end third

three-month periods of the EMU project.

Alternate Scheduling Method *3 is to perform all general

x-ray examinations in the Phillips room. The relatively few

tonogrems end uerograms (only three per month are estimated)
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will also be scheduled for the Phillips machine at 1300,

Fluoroscopic and special examinations that require the patient

to fast will be scheduled for the Picker room from 0730-11i5

daily. Mammograms, arthrograms and venograms will also be

scheduled for the Picker room from 0730-1115 daily, and from

1300-1500 each afternoon, except on Thursdays and one Friday

each month. The mix of procedures that will be appointed if the

service capacity of the department is not sufficient to do all

the expected examinations will subsequently be determined with a

linear programming technique. The Picker machine will also be

used for any unscheduled fluoroscopic and special examinations

occurring throughout the day.

general x-ray examinations from 0730-0830 daily. After 0830,

all general x-ray examinations will be performed in the Phillips

room. The tomograms and xerogrems will also be done in the

Phillips room. Fluoroscopic and special examinations that

require the patient to fast will be scheduled for the Picker

room from 0830-1130 daily. Hammogroms. arthrograms and

venograms will also be scheduled from 0830-1130 daily, and as

outlined above for the afternoon hours. The previous statements

regarding the mix of procedures and unscheduled examinations

also apply to this schedulinq method.
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ESTIMATE OF EXPECTED AVERAGE WAITING TIMES

The first criterion for evaluating the alternate scheduling

methods concerns the expected average waiting times for patients

arriving within a one-hour period. The maximum acceptable

expected average waiting times are 60 minutes when only one

&xamination room is available and 30 minutes when two

exa*Aination room& are available.

The axpezted average waiting times during the EMU project

for each alternate scheduling method are estimated as follows:

1. The expected hourly distribution of patient arrivals,

given the particular scheduling method, is determined.

2. The expected average times required to complete the

examinations for patiento arriving during each hour of the day

and the cuxulatLve variances from the service capacity are

calculeted. The Impurtment is expected to experience, on the

average, a continuous backlog of patients during consecutive

hours of operation that the cumulative variance remains

positive. The breeo-even point is reachgd whnms th6 ciaulatva-

variance from the service capacity turns negative. If the

cumulati- variance from the service capacity remains negative,

the patizat waiting times for arrival hours subsequent to the

break-evon point will "•Oh be influenced by a backlog of patients

and are 4xpacted to average less than 30 minutes.

3. The differenc". between the expected average times

required to complete the exaoinations during the EMU project and
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the average time required to complete the examinations during

the study period are calculated.

4. The cumulative differences in the time required to

complete the examinations are used to adjust the waiting times

obasrvgd during the study period to estimate the expected

average waiting times 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.

Alternate Schedulinz Method el

As outlined previously, Alternate Scheduling Method 01 for

the first three-nanth period of the ENU project would schedule

fluoroscopies and special examinations at 0900 and 1300 daily,

with some exceptions. The expected hourly distribution of

patient arrivel& io: this schicduling method is shown in Table 6.

TABLE 6

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING KETHOD #i

Arrival General Sched. Unsched. Total
Hour X-Raya F&S F&S F&S

0800 187 7 1 8
0900 105 8 3 11
1000 91 - 1 1
1100 81 - 2 2
1200 61 - 4 4
1300 66 4 1 5
1400 61 2 3 5
1500 63 - 2 2
1600 23 - - -

Total 738 21 17 38
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The expected diatributien of general x-ray& Is based on the

assumption that the hourly distribution of unscheduled patient

arrivals during the EMU will be the same as that observed in the

study period. The expected average of 738 general x-ray& per

four-week period for Auguat-October 1986 (from Appendix E) was

multiplied by the hourly percentage distribution of general

x-rays from Table 2. The number and distribution of unscheduled

fluoroscopic and special examinations (inpatienta and outpatient

emergencies) are assumed to remain the same as that observed

during the study period. The elimination of thu 0945

appointment slot in this scheduling method in reflected in the

number and distribution of the scheduled fluoeo&copic and

special exnainations by the elimination ol 14 patient arrivals

corresponding to those observed in the study period (see

discussion concerning Table 2).

Table 7 shows the expected average timec required to

complete the examinations for patients arriving during each hour

of the day and the cumulative variance from the service

capacity. The calculation methods used and the setup of Table 7

are essentially the same am for Table 5. Since the cumulative

variance from thu service capacity turned negative during the

1400 arrival hour, the adjustments to waiting times (see Tables

9 and 10) will end with the 1300 arrival hour, and the waiting

times during subsequent hours are expected to average less than

30 minutes.
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TABLE 7

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY

ALTERNATE SCHEDULING METHOD 1-

Average Average Time Cumulative
Daily Required to Variance

Arrivals Complete Examinations from Service
Arrival (In minutes) Capacity
hour Gen. F&S Gen. F&S Total (In minutes)

0800 9.35 0.40 92 18 110 -50
0900 5.25 0.55 51 25 76 -66
1000 4.55 0.05 45 2 47 +53
1100 4.05 0.10 40 5 45 .38
1200 3.05 0.20 30 9 39 +17
1300 3.30 0.25 32 11 43 0
1400 3.05 0.25 30 11 41 -19
1500 3.15 0.10 31 5 36 -43
1600 1,15 -- 11 -- 11 -62

Tabie G depicts the differences between the study period

and Alternate Schedulirg Method #1 in the average times required

to complete the examinations for patients arriving during each

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

TABLE 8

DIFFERENCES IN AVERAGE EXAMINATION COMPLETION TIMES REQUIRED
ALTERNATE SCHEDULING METHOD #1

(In Minutes)

Alternate
Arrival Study Period Method 0i Cummulative

Hour (Observed) (Expected) Difference Difference

0800 105 110 -5 +5
0900 83 76 -7 -2
1000 67 47 -20 -22
1100 43 45 +2 -20
1200 37 39 +2 -18
1300 42 43 +1 -17
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Table 9 shows the estimate& of the expected average waiting

times associated with Alternate Scheduling Method #1 resulting

from the adjustment of waiting times observed during the study

period by the cumulative difference in the average examination

completion times required. The expected average waiting times

for the 0900 and 1000 arrival hours exceed the 60-minute maximum

acceptable expected average waiting time.

TABLE 9

ESTIMATE OF EXPECTED AVERAGE WAITING TIMES
ALTERNATE SCHEDULING METHOD 01

(In Minutes)

Study Period Cumulative Difference Expected
Average Patient in Average Examination Average

Arrival Waiting Time Completion Time Patient
Hour (Observed) (4 or -) Waiting Time

0800 47 +5 52
0900 87 -2 85
1000 94 -22 72
1100 79 -20 59
1200 65 -18 47
1300 50 -17 33

ALTERNATE SCHEDULING METHOD #2

The estimate of the expected average waiting times for

Alternate Scheduling Method 02 was calculated in the same manner

as above and is shown in Appendix F in Tables 20-23. Tables

20-23 correspond directly to Tables 6-9 above. The longest

expected average waiting time associated with Alternate

Scheduling Method 02 is 51 minutes, which meets the 60-minute
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criterion for the maximum acceptable waiting tins.

Alternate Scheduling Method g3

The estimate of expected average waiting times for

Alternate Scheduling Method #3 involves patient arrivals for two

examination rooms. The expected distribution of patient

arrivals for the Phillips room is shown in Table 10. The

expected average of 656 general x-rays per four-week period for

November 1986 through January 1987 (from Appendix E) was

distributed according to the hourly distribution observed during

the study period. The three scheduled fluoroscopic and special

examinations represent the tomograms and xerograes.

TABLE 10

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING METHOD 03

(Phillips Room)

Arrival General Sched.
Hour X-Rays F&S

0800 166 -
0900 93 -
1000 81 -

1100 72 -

1200 54 -
1300 59 3
1400 55 -

1500 56 -

1600 20 -

Total 656 3

The expected number of scheduled patient arrivals for the
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Picker room, displayed in Table 11, is based on the abcervation

during the study period that the number of scheduled

examinations actually performed was only 75 percent of the

number of appointments that would supposedly have been available

under the scheduling method in effect. Alternate Scheduling

Method 03 would supposedly provide ona hundred 45-minute

appointments from 0730-1115 and sixty 30-minute appointments

(the radiology technicians estimate that mammograme take 30

minutes to complete) from 1300-1500 during a four-week period.

The actual numbers of scheduled patient arrivals are expected to

be 75 and 45 during the respective time periods. This

calculation was not made for Alternate Scheduling Methoda 01 and

V2 because the expected peati"nU arkveAL £ foi thoa -ath-,da w. ro

estimated by adjusting the numbers of actual patient arrivals

observed during the study period. The number and distribution

of unscheduled fluoroscopic and special examinations are

expected to be the same as observed during the study period.
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TABLE 11

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING METHOD 03

(Picker Room)

Arrival Sched. Unached. Total Mammograms
Hour F&S F&S F&S

0800 20 1 21 --

0900 20 3 23 --

1000 20 1 21 --

1100 15 2 17 --

1200 -- 4 4 --

1300 -- 1 1 15
1400 -- 3 3 20
1500 -- 2 2 10
1600 -- - - --

Total 75 17 92 45

The expected average examination completion times and the

cumulative varianc" from the service capacity for the Phillips

and Picker rooms are shown in Tables 12 and 13. The cumulative

variance from the service capacity in the Picker room is

constantly neSAtive, so the welting times experienced by

patients examined in the room are expected to average less than

30 minutes throuahout the day. The same is true for the

Phillips room beginning with the 1000 arrival hour.
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TABLE 12

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY

ALTERNATE SCHEDULING METHOD #3
(Phillips Room)

Average Average time Cumulative
Daily Required to Variance

Arrivals Complete Enaminations from Service
Arrival (In minutes) Capacity
Hour Gen. F&S Gen. F&S Total (In minutes)

08C0 8.30 -- 81 -- 81 +21
0900 4.65 -- 46 -- 46 +7
£000 4.05 -- 40 -- 40 -13
1100 3.60 -- 35 -- 35 -38
1200 2.70 -- 26 -- 26 -72
1300 2.95 0.15 29 10 39 -93
1400 2.75 - 27 -- 27 -126
1500 2.80 -- 27 27 -153
1600 1.00 -- 10 -- 10 -173

TABLE 13
EXPECTED AVERAGE EXAMINATION COMPLETIUM TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY

ALTERNATE SCHEPULING WETHOD 03
(Picker Room)

Average Avezage Time Cumulative
Daily Required to Variance

Arrivals Complete Examinations from Service
Arrival (In minutes) Capacity
Hour F&S Mamso F&S Hammo Total (hn *iibut&A)

0800 1.05 -- 48 -- 48 -12
0900 1.15 -- 52 -- 52 -20
1000 .1 -- 48 -- 48 -32
1100 0.85 39 -- 39 -53
1200 0.20 -- 9 -- 9 -104
1300 0.05 0.75 2 23 25 -139
1400 0.15 1.10 7 33 37 -162
1500 0.10 0.50 5 1I 20 -202
1600 -- -- - - -- -232

The difference' between Alternate Scheduling Method 03 and
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the study period in the average examination completion timea

required for the Phillips room are calculated in Table 14 and

are used to calculate the expected average patient waiting times

for the 0800 and 0900 arrival hours in Table 15. The 30-minute

waiting time criterion is also net in the Phillips room under

Alternate Scheduling Method #3.

TABLE 14

DIFFERENCES IN AVERAGE EXAMINATION COMPLETION TIMES REQUIRED
ALTERNATE SCHEDULING METHOD #3

(Phillipa Hoom)
(In Minutes)

Alternate
Arrival Study PQriod Method #1 Cuwmuletive

Hour (Observed) (Expected) Difference Difoerence

0800 105 81 -24 -24
0900 83 46 -37 -61

TABLE 15

ESTIMATE 3F EXPECTED AVERAGE WAITING TIMES
ALTERNATE SCHEDULING METHOD 03

(Phillips Room)
(in Hinutem)

Study 7ez'iod Cumulative Difference Expected
Average Patient in Average Examination Average

Arrival Waitinq Time Completion Time Patient
Hour (Observed) (* or -) Waiting Time

0800 47 -24 23
0900 87 -61 26

Altro.anste Schaduling k~ethod #4

Alternate Scheduling Method 04 would schedule fewer
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patients for examlnations than Alternate Scheduling Method #3.

Since Alternate Scheduling Method 03 masts the 30-minute waiting

time criterion for both examinations rooms, the same can be

expected for Alternate Scheduling Method 04.

OPTIMAL NIX OF SCHEDULED EXAMINATIONS

The final step in determining the optimal method for

achedulk._. eadiological examinations during the EMU project is

the us& of linear programming to determine the mix of scheduled

examinations to be done at MACH that will minimize the

expenditure t£ Supplemental Care funds fo.* examinations

performed at other hospitals. However, the linear programming

technique is not needed to determine the optiral mix of

scheduled examinations for the first three-month period of the

EMU pro~ect. Alternate Scheduling Method #2, which achedulem

one fluoroscopic or special examination per day at 1300, is the

only scheduling method that meeta the 60-minute maximum

allowable avarage waiting time criterion. Fluoroscopic and

special examinations that require the patient to fast should not

be scheduled at 1300; so arthrogrems, tomograma and venograms

are the only procedures that can be scheduled under Alternate

Scheduling Method #2. Only seven of these examinations are

expected to be requested during each four-week period (Appendix

E). All zeven examý.nations would easily be accommodated in the

schedule. The linear programming technique is not needed to
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determine the optimal mix of scheduled examinations because the

time availble is not a constraint. 2

Alternate Scheduling Methods #3 and #4 meet the waiting

tine criterion for the second and third three-month periods of

the EMU project. Two examination rooms will be available during

these time periods, but the only scheduled examinations

performed in the Phillips room will be a small number of

tomograms and xerograms, so linear programming is not needed to

determine an optimal mix of scheduled examinations for the room.

A linear pro~ramaing model is now developed to determine

the optimal mix of examinations to be scheduled for the Picker

room during the second three-month period of the EMU project

under Alternate Scheduling Method #3. The scheduling

constraints that apply to the Picker room would also apply to

the General Electric room during the final three months of the

EMU project, so separate models will not be constructed for that

time period.

As discussed in the introduction to this study, an

objective function that maximizes the "payox'If" cLf

scheduled to be done at MACH can be used in a linear programming

model to minimize the expenditure of supplemental care funds for

examinations sent out to other hospitals:

number of each type

Maximize: Zu cost of the of examination
examination scheduled at MACH
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where Z is the dollur value of the payoff realized from the

examinations scheduled at MACH, and the cost of the examination

is the amount MACH would have to pay another hospital to do the

examination.

The following variables are used to designate the number of

each examination to be scheduled in the Picker room:

XI w Upper gastrointestinal X6 a Arthrogram
X2 = Barium Enema X7 = Venogram
X3 a Barium Swallow X8 a Intravenous Pyelogram
X4 = Gall Bladder X9 - Other Fluoroscopic
X5 - Small Bowel and Special

Follow-Through X10 a Nammogram

The amounts charged by other hospitals for the above

examinations were obtained from the Patient Administr4tion

Division. Using these charges, the objective function becomes:

Maximize: Z = 039XI + M80X2 + 015X3 + *33X4 + *SOX5
* 0120X6 + $130X7 ÷UllOX6 + 0175X9 + *60XIO

The model addresses three constraints: (1) the time

available for scheduled axa: ointions that must be performed in

the morning, (2) the total time available for scheduled

examinationa, and (3) constraint inequalities that prevent the

model from providing a quantity of an examination to be

scheduled that exceeds the expected demand for that particular

examination.

The constraint for the time available for scheduled

examioations that must be performed in the morning is expressed
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32X1 * 47X2 + 15X3 + 20X4 + 60X5
+ OX6 + OX7 + 45X8 + 53X9 + OX1O < 4140 minutes

The non-zero coefficients of the variables represent the average

times required to complete the examinations. These times were

calculated from observations made during the study period or

were estimated by the radiology technicians if the particular

examination was not performed during the study period. The

coefficients for X6, X7 and XIO are zeros because arthrograma,

venogroaes and mammograma do not require the patient to fast.

Alternate Scheduling Method 03 calls for examinations to be

scheduled from 0730 to 11i dasily. Taking into accouut tLh e.2

percent downtime for maintenance and repairs that was noted in

the review of the maintenance records, the 4140 minutes (69

hours) available for scheduled examinations that must be

performed in the morning is calculated as follows:

(3.75 hours/day)(20) - (3.75)(20)(.082) a 69 hours per
4-weeK period

The second constraint ia the total time available to do

scheduled examinations. This constraint is expressed as:

32X1 + 47X2 + 15X3 + 20X4 + 60X5 + 45X6
+ 60X7 * 45X8 + 53X9 +30XO :L 5790 minutes

The coefficients representing the time required to complete
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arthrogras, venograms and mammograms are now in the constraint

inequality. Alternate Scheduling Method 03 calls for

examinations to be scheduled from 1300 to 1500 on 15 days in

each four-week period, which provides 27.5 additional hours of

available examination time according to the following

calculation:

(2 hours/day)(15) - (2)(15)(.082) a 27.5 hours per
4-week period

The third constraint is expressed as ten separate

constraint inequalities that will prevent the model from

generating a solution that calls for more of a particular

to bet± Z~~~- +h- 4a ownfpterI-a tn- ho duemnded.

The expected demand for each type of examination is shown in

Appendix E, but these figures include both scheduled and

unscheduled examinations. The numbers of unscheduled

exaainations observed in the study period were subtracted from

the quantities shown in Appendix E, so that the constanta in the

following constraint inequalities represent the expected demand

for scheduled examinations during a four-week period.

0.75X1 1 28 0.75X5 . 2 0.7mX8 E 15

0.75X2 S 15 0.75X6 L 2 0.75X9 < I

0.75X3 S 4 0.75X7 < 2 0.75X10 < 60

0.75X4 5 5
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The coefficient for each of the variables is 0.75 because

the number of examinations actually performed during the study

period was 25 percent less than the number of examinations that

supposedly could have been scheduled. Patient cancellations and

the unavailability of the radiologist because of leave,

temporary duty, illness, etc., resulted in 35 scheduled

examinations being performed when 47 appointments were

supposedly available.

The model was run on a linear programming computer program.

The printout of the optimal solution generated by the computer

appears in Appendix G. The solution is also displayed in a more

comprehendible format in Table 16.

TABLE 16

OPTIMAL NIX OF SCHEDULED EXAKINATIONP
ALTERNATE SCHEDULING METHOD #3

Number
Number of Exams

of Exams Expected
to be to be Expected

Examinations Variable Scheduled Performed Demand

Upper Gastrointestinal Xl 33.3 25 28
Barium Enema X2 20 15 15
Barium Swallow X3 0 0 4
Gall Bladder X4 6.7 5 5
Small Bowel

Follow-Through X5 0 0 2
Arthrogram 96 2.7 2 2
Venogrem X7 2.7 2 2
Intravenous Pyalogrem X8 20 15 15
Other Fluoroscopic

and Special X9 1.3 1 1
KimmoSrsm X10 80 ý0 60
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The values of the primel variables in the computer printout

correspond to the numb-a- of examinations to be scheduled. The

numbers of examinations expected to be performed are 75 percent

of the numbers of examinations to be scheduled. Alternate

Scheduling Method 03 is expected to accomodate all of the demand

for examinations except for three upper gastrointestinal, four

barium swallow and two small bowel follow-through examinations.

MACH would have to pay 0297 to have these examinations performed

at another hospital.

The linear programming model to determine the optimal mix

of examinations to be scheduled for the Picker room under

Alternate Scheduling Method #4 for the second three-month period

of the ENU project is almoat identical to the above model. The

constants for the first two constraint inequalities are the only

numbers that change. Alternate Scheduling Method 03 provides

three hours each morning for scheduled examinations, so the time

available during the morning in a four-week period drops from

4140 to 3300 minutes. The total time available drops from 5790

to 4950 minutes. The computer printout of the optimal solution

for this model is shown in Appendix H. The comparison of the

numbers of examinations expected to be scheduled, performed and

demanded is presented in Table 17.
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TABLE 17

OPTIMAL MIX OF SCHEDULED EXAMINATIONS
ALTERNATE SCHEDULING METHOD #4

Number
Number of Exams
of Exams Expected
to be to be Expected

Examinations Variable Scheduled Performed Demand

Upper Gastrointestinal X1 7 5 28
Barium Enema X2 20 15 15
Barium 5wallow X3 0 0 4
Gall Bladder X4 6.7 5 5
Small Bowel

Follow-Through X5 0 0 2
Arthrogram X6 2.7 2 2
Venogram X7 2.7 2 2

Intravenous Pyelogram X8 20 15 15
Other Fluoroscopic

and Special X9 1.3 1 1
Nammogram X1O 80 60 60

Twenty-three upper gastrointestinal, four barium swallow

and two small bowel follow-through examinations would be sent to

other hospitals under Alternate Scheduling Method #4. These

procedures would cost MACH 01077 per four-week period.

The models for Alternate SchedulinS Method& 03 and #4 were

each run a second time to see what the optimal mix of scheduled

examinations would be if the projected demand for each type of

examination increased by 25 percent. The computer printouts of

the results are at Appandixes I and J. The comparison of the

numbers of examinations to be scheduled, performed and demanded

are displayed in Tables 18 and 19.
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TABLE It

OPTIMAL NIX OF SCHEDULED EXAMINATIONS
ALTERNATE SCHEDULING METHOD *3

(25% Workload Increase)

Number
Number of Exams

of Exam. Expected
to be to be Expected

Examinations Variable Scheduled Performed Demand

Upper Gastrointestinal X1 0 0 35
Barium Enema X2 24.7 19 19
Barium Swallow X3 0 0 5
Gall Bladder X4 0 0 6
Small Bowel

Follow-Through X5 0 0 3
Arthrogram X6 4 3 3
Vinogrea X7 4 3 3
Intravenous Pyalogram XB 25.3 19 19
Other Fluoroscopic

and Special X9 1.3 1 1
Mammogram X10 100 75 75

The optimal mix of scheduled examinations under Alternate

Scheduling Method #3 with a 25 percent increase in expected

demand would send 35 upper gaatrointestinal, five barium

swallow, six gall bladder and three small bowel follow-through

examinations to other hospitals at a cost of 01785. In addition

to the above examinations, 14 barium enemas would be sent out

under Alternate Scheduling Method #4 for a total cost of *2905.
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TABLE 19

OPTIMAL MIX OF EXAMINATIONS
ALTERNATE SCHEDULING METHOD 04

(25x Workload Increase)

Number
Number of Exams

of Exuas Expected
to be to be Expected

Examinations Variable Scheduled Performed Demand

Upper Gastrointestinal X1 0 0 35
Barium Enema X2 6.8 5 19
Barium Swallow X3 0 0 5
Gall Bladder X4 0 0
Small Bo0el

Follow-Through X5 0 0 3
Arthrogram X6 4 3 3
Venogram X7 4 3 3
Intravenous Pyologram X8 25.3 19 19
Other Fluoroscopic

and Special X9 1.3 1 1
Nammogram X10 100 75 75
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FOOTNOTES

1Howard M. Blanken, Geoffrey T. Frowme, and Robert B.
Toffler, "Patient Scheduling System Improves Productivity,"
Ugg•itls 55 (16 April 1981):71.-

2 Richard I. Levin, Charles A. Kirkpatrick, and
David S. Runib. Quantitative ADproechbs t2 dengneeant
(New York: NcGraw-Hill Book Company, 1982), p. 335.

59



I11. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

This study was to determine the optimal nethod of

scheditling radiological examinations during the

electrical-mechanical upgrade project at Munson Army Community

Hospital. Since the hospital will have only one examination

room during the first three months and two examination rooms

during the final six monthn of the project, two alternate

scheduling methods were formulated and evaluated for each of the

periods.

Alternate Scheduling Method 01 would eliminate the 0945

appointment slot from the current mettod of scheduling

fluoroscopic and special examinations at 0900, 0945 and 1300.

The analysis revealed that the average waiting tiaos for

patients arriving during the 0900 and 1000 arrival hkurs would

be 85 and 72 minutes respectively, which exceed the 60-vinute

maximum average waiting tima criterion.

Alternate Scheduling Method 02 wz-ild eliminate both the

0900 and 0945 appointment slots. The longest expected average

patient waiting time under this scheduling method is 51 minutes

for the 0900 arrival hour, which meets the waiting time

criterion. Alternate Scheduling Method 02 is consequently

selected as the optimal scheduling method for the first thrme

months of the EMU project. Since the number of appointments
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that will be available for the remaining 1300 appointment *.-ot

exceeds the epected deoand for examination& at that hour, it

was not necessary to use linear programming to determine the

optimal six of examinations to be scheduled.

Alternate Scheduling Method 03 devotes the Picker or

General Electric examination room& to scheduled examinations

from 0730-1115 and 1300-1500 daily during the last six months of

the EMU project. The analysis revealed that the service

capacity of this room would exceed the average time that would

be required to copplete the examinations for each arrival hour

of the day, so patient waiting time is expected to avw-ef. less

than 30 minutes.

The Phillips room is loft to perform all the 4.he general

x-ray examinations. Although the average time required to

complete the examinations would exceed the service capaecity of

the Phillips room during the 0800 arrival hour, the expected

average patient waiting times are only 23 and 26 minutes for the

0800 and 0900 arrival hours, so the 30-minute patient waiting
tim crterion 4s mt by both ftxmninati•n reags under Alternate

Scheduling Method #3.

Alternate Scheduling Method 04 devotes both available

examination room& to general x-ray examinations from 0730-0830

daily. This results in a 45-minute reduction in the time

available for scheduled examinations in the Picker end General

Electric examination rooms. Since Alternate Scheduling Method

#4 would schedule fewer examinations then Alternate Scheduling
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Method #3, Alternate Scheduling Method 04 will also meet the

30-minute patient waiting time criterior.

The optimal mix of examination& to be scheduled was

determined through itnear programming techniques for both

scheduling method alternatives. Alternate Scheduling Method 03

nearly meets the expected demand for examinations. It is

projected that only nine patients would be se•t to other

hospitals for ex.6minations costing a total of 3297 in a

four-week period.

The optimal mix of examinations to be scheduled under

Alteri)mte Scheduli4ng Method #4 would fall short of the expected

demand by 29 patients. The examinations performed by other

hospitals for these petients wouid coat the hospital W-077 per

four-wsek period.

Both alternate scheduling method& meet the waiting time

criterion. Alternate Schedillng Mothod 03 iA aplected as the

optf.mel scheduling method for the finial six months of the EMU

project because it would send 20 fewer patients to other

hospitals for examinatioiis each four-week period at a savings of

6780.

RECOMMENDATIONS

Conversion Erom the current method .f scheduling

examinations to Alternate Scheduling Method #2 would force MACH

to pay for about 30 additional fluoroscopic and special
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examinations with Supplemental Care funds every four weeks.

Assuming the distribution of the examinations sent out is the

same as the diatribution of examinations that are expected to be

demanded (Appendix E), the 30 examinations would cost MACH

approximately *2250.

The Patient Administrationk Division would be affected by a

change to Alternate Scheduling Method #2. The two Health

BenefJts Advisor& are responsible for scheduling patients for

examinationa and for all the other administrative matters

associated with the referral of examinations. They would have

to shoulder the administrative burden of 30 additional referral*

every four weeks.

Thz ztud% 4id4e4ntii the o-timal gcheaulina method for a

given net of constraints and criteria. The 60-minute maximum

accoptablae average waiting time criterion was established before

the costs of meeting it were known. The additonal costs

identified above--monetary and administrative---ahould be

compared to the benefits of reducing the longeast hourly average

patient waiting time from 94 to 51 minutes before Alternate

Scheduling Method 02 is adopted.

Alternate Scheduling Method #3 calls for 410 mammograma to

be scheduled during each four-week period. The Radiology

Department should schedule one mammogram each morning in

aldition to the four that would be scheduled each afternoon in

order to meet the projectad demand.

The maximum acceptable waiting time -or an appointment that
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is noted on the examination request should no longer be the only

factor usea to decide whether a given fluoroscopic o1 special

procedure is done at MACH or at some other facility. By

comparing the examination* to be scheduled in Tables 16 and lB

it can be seen that the upper gastrointestinal examinations

should be given priority for referral under Supplemental Care if

the demand for examinations that is actually experienced during

t-e last six months of the EMU project exceed* the projection*

in Appendix E.

6
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% APPENDIX B

RADIOLOGY DAILY PROCEDURE SCHEDULE
DATE

EI*MINATION PATIENT INFORMATION DOCTOR INITIAL RESULTS

0730 Hours NAME

PHONE N

0815 Hours NAME

SSN

PHONE N

0900 Hours NAME

SSN

PHONE N"

0945 Hours NAME

SSN

PHONE N

1030 Hours NAME

SSN

PHONE #

1300 Hours NAME

SSN

PHONE

1345 Hours NAME

SSN

PHONE N

1430 Hours NAME

SSN

PHONE d6

1515 Hours NAME

SSN

PKONE N

On-call NAME

SSN. ..

-HONE N

On-call NAME

SSN

PHONE N 

431 -x 2Ag9MACH 'ORM 2 M.35~I-3O¢-2 Ag 224
! Jul 54 (Rev) 85-2,,,. PREVIOUS EDITIONS OF THIS FORM ARE OiSOLITE.



APPENDIX C

MACH, Ft Leavenworth, KS 66027

NAME

SSN~ _ _ _ _ _ _ _ _ -

DOR _ _ _ _ _ _ _ _ _ _ _

____ ____ __-NSS

MACH Formi 51
15 may 85 (Rev) L 9S)I '144JOMUOAeG1 U 'H3VWd
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APPENDIX D

STUDY PERIOD DATA BASE

Explanation of Data Elements

Column 01: Record number

The computer program consecutively numbers each record as
the date elements are entered into the data base.

Column 02: Day that the examination was performed

FRII stands for Friday of ths first week, hON3 stands for
Monday of the third week, etc.

Column 03: Service that requested the examination

The abbrevietions stand for the following services:

ALGY Allergy Clinic OBGY Obstetrics/Gynecology
COMH Community Health Service ORTH Orthopedics
DENT Dental Clinic fE05 Pediatrics
EENT Eyes, Ecra, Nose PT Physical Therapy

and Throat Clinic SURG General Surgery
EKER Emergency Room WD2B Ward 20
FANP Family Practica Clinic WD2C Ward 2C
GOPC General Outpatient Clinic WD3B Ward 30
INTM Internal Medicine "ODB U.S. Disciplinary
MEDX Medical Exam Clinic Barracks Ward
KENT Mental Health Clinic USDB U.S. Disciplinary

Barracks Clinic

The abbreviations stand for the following type& of
examinations;

ARD Abdominal Series KUB Kidneys/Ureters/Bladder
ARTH Ax'throgram MULT Multiple Examinations
BE Barium Enema SPEC Other Special Examinations
CHST Chest/Ribs SPIN Spine
EXTR Extreneties TOMO Tomogram
FLUR Other Fluoroscopic UGI Upper Gastrointestinal
HEAD Head/Sinus XERO Xerogram
IVP Intravenous Pyelogran
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Column #5: Arrival hour

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

0800: 0730-0829 1300: 1230-1329
0900: 0830-0929 1400: 1330-1429
1000: 0930-1029 1500: 1530-1529
1100: 1030-1129 1600: 1530-1600
1200: 1130-1229

Column #6: Waiting tine

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

Column #7: Service time

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

Column #8: Transition tire

The transntion time .a th% number of minutes elapsed from
the time a patient departs the examination roon until the next
patient, who has been waitJng, enters the axpmination room.
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LIST FOR DAY='FRII'
00001 FRII ORTH EXTR 0800 10 5 15
00002 FRII MEDX MULT )800 36 5 0
00003 FRII USDB SPIN 0800 28 15 0
00004 FRII USDB EXTR 0800 36 4 3
00005 FRII SURG CHST 0800 47 4 1
00006 FRII ORTH EXTR 0800 52 2
00007 FRII USDB EXTR 0800 49 6 9
00008 FRII USD1 3 SPIN 0800 68 5 5
00009 FRII GOPC SF'IN 0800 68 7 7
00010 FRII MEDX CHST 0800 168 5 1
00011 FRII GOPC EXTR 0800 116 5 21
00012 FRII WD3B CHST 0800 104 5 2
00013 FRII GOPC HEAD 0800 167 4 10C)
00014 FRII FAMP BE 0800 45 45 12
00015 FRI1 INTM BE 1000 166 45 7
00016 FRII GOPC EXTR 0900 2.. 3
00017 FRII EMER EXTR 1100 5 5 20
00018 FRI! GOPC EXTR 0900 286 5 )
00019 FRII GOPC EXTR 0900 295 4 1
00020 FRII FAMP SPIN 0900 274 11 10
00021 FRII GOPC CHST 0900 285 4 C)
00022 FRI! FAMP FXTR 1000 271 18 2

00023 FRII FAMF' SPIN lOOO 275 2 4
00024 FRII GOPC EXTR 1000 322 5 (

00025 FRII FAMP EXTR 1100 283 5 2
00026 FRII EMER MULT 1100 5 80 s
00027 FRII USDB EXTR 1300 192 5 C
00028 FRII GOPC EXTR 1300 177 4 0
00029 FRII GOPC CHST 1300 178 3 5
00030 FRII GOPC SPIN 1300 160 6 C
00031 FRII GOPC CHST 1300 173 3 14
00032 FRII SIJRE EXTR 1500 100 3 1
00033 FRI1 PEDS EXTR 1500 98 4 4
00034 FRII OPC CHST 1500 97 3
00035 FRI3 PEDS EXTR 1500 90 3 8
00036 FRII WD3B CHST 1600 0 5 0
00037 FRII WD3B CHST 1600 19 2 0
000C8 FRI1 EMER MULT 1500 5 65 0
000.9 FRII EMER EXTR 1600 55 3 0
00040 FRI! INTM SPIN 1600 52 4 C
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LIST FOR DAY='MON1'
000)C)41. MOMi ORTH SPI N 080 24 2 8
-000C42 MN1GOFC E X'1R 080 4 0)

001)4-r MONI EMER EXTR (:60 7 4 2
OC)C)044 MONI INTM CHST 080 3 . 'q4 4

005MOMi PEDS SPI N 0800 51 9
-)--46 MON 1 GOFC E XTR 0800 / 1 11
--- 47 MONI WD3ET CHST 0 900 1 4 6

008MON 1 USDB E XTR 'BC) 78 5
OC)(-(-)49 MON 1 (OPC CH9T 080 8V 5
Ct)050)ý MON 1 MEDX. CHST 080 8t
C)(-.-5 1 MON 1 GOPfZ CHST 0800 78 4 (9

02MU NI. ORTH EXTR C:?300 92 1. 1.
005.MONI 1l M IER ETM"R 00 64 2. 17

000.5 4 MON 1 GOFO E X T 0800 C 8'.
000')-55 MON 1 GOPC E XTR '-BC)(-0 9ý 7 5
00055 J MON I1 GOFC EXTR C)9 C 8 7

-)-057 MON I EMER E X YR 0..900) I C.) IC
u08MON 1 GOPC E XT R 0-900(- 1 ()
0()9MON 1 FEDS E~ X TR 0-900)'* 8(-) 1.1

000)60 MOJN 1 (.3OPC SFPIN 0--900)t 97 14 4
QUS1MON 1 G0PC E X R 1.00 81 U
U(.02MON1 GOPC E XT R 10C)C)0 75 16 C)
00:M01\11 FEDS E XTR' 1000 -- C 8U- 17/

000&4 MONt W Y "B C H ST 1.100' C 70 4 6
('-(',-65 MON 1 WD-TB I VP 12 2C)0 2 5
()-)--66- MON 1 I NTM CHST 1 I C') 1 19 5 5
(-)(')-67 MONI G-OPC E XTR 1200)C 77 5 1.

UOSMON 1 OR'TH EI:X 1R 1 '2 ~C) 86 4 C
(')"0(69 MON 1 ORTH E XT TR 120 1. 10 4 1

C)07 MONM EMER C H E 1 1. 13C 81 2 1
071MON I FAMI:: EXTR 1200 82 1 6
o02MONi I M 1. EXIXR 1 20 C 8 5 C0

1101"41. Wi~ D 7'D EXTR 1I0 1z 6 11
uu074MO rIb D ur C, r- A I M 1 ~*.

(.)C 00-75 MONI INTM CH-ST 1.400.)- 1.9 5 6
-)')(--76 M(]N . FEDS EXTR 1.10 45 C) 0

007MOMi FAMF EXTR 1400 18
000."783 MON1 PEE DS E XTR` 1.400- C 8 4 5
C)(.)')79 MUNI ORFJH EXTR 1500('- 7-5 a 2

000MON 1. (30C HEAD 1.500- C 4 2 10
C)08i1 MOMi GOFC E X IR 1.500 47 10 C) (

00082 MON 1. I NTM CHST 1500 64 :3
0008:.Z MON I ORTH EXTR 1.5(00- 57 C.

08 4 MONI ORTH E X TR 150 (-)C) 19 4
000-85 [ION 1 GOPC EXTR 1600-(- 47 8

000)-.86 MON 1 WD'6 MOLT 1.60 C) 87 1

C00)8 7 MON 1 EMER EXTR 1600 37 4 C)
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LIST FOR DAY='TUEI
00098 TUEl 1ORTH CHST 0800 155 2 5
00089 TUE1 ORTH EXTR 0800 15 4 4
00090 TUE1 OPTH EXTR 0800 28 4 1
00091 TUEl FGMP EXTR 0900 33 10 4
00092 TUE1 I NTM KU 0800 29 5 5
00093 TUEl MEDC EXTR 0800 26 31 2
00094 TUEl ORTH EXTR 0800 19 6 8
00095 TUEl MEDX CHST 0800 25 2 2
00096 TUEl PT EXTR 0800 31 4 1
00097 TUEl MEDX CHST 0800 29 2 15
00078 TUEl FAMP EXTR 0900 45 3 31
00077 TLJEl GO0FC SPIN 0900 39 10 15
00100 TUEI MOFC UGI 0900 45 20 10
00:_ 101 TUE1 GOTC SETIN 000 84 25 15
00102 TUE1 GOPC UAI 1000 75 25 2
00103 TUE1 MEDX CHET 0900 14 1 1
00104 TUE1 MEDX CHST 0900 131 2 2
00105 TUE1 OTFC CHST 0900 154 1
00106 TUEl GOFC SPIN 0900 157 5 2
00107 TUEl FAMP CHET 0900 165 9 9
00108 TUEl MADX EULT 1000 131 12 7
00109 TUEII lPT EXTR 1000 87 4 24
0011C TUE 1 PEDS CHD 1000 125 2 20
00111 TUEl EMER HEAD 1000 145 15 2
00112 TUEl 10PC SPIN 1100 108 6 3
00113 TUE. INTM CHET 1100 1.3 3 9
00114 TUEI ORTH SFIN 1300 5 3 1
00115 TUEl ORTH SPIN 1300 10 15 7
00116 TUEl VTPC EXTR 0900 160 6 12
00117 TUEl FAMF EXTR 1000 120 15* 5
00118 TUEl GOPC EXAR 1300 o8 5 23
001 19 TUE 1 (OPC CHST 1400 69 4
00120 TIJEl GOF-C EXIR 1400) 71 2 1
00121 TUEI OAPC EXTR 1500 2 3 2
0012.2 TUE1 I NTM CHET 000 1.0 7 8
00)123 TUE 1 MENr CHET 1 400 89 3 1
C00124 TUE 1 EMER CHST I 500 42 2 6
0)0125 TUEl ORTH EXTR 1500 36 6 177
0)0126 TUEl GOP-C HEA~D 1.000 158 5 2
00127 lU~l FAMP EXTR 1600C 29 3
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LIST FOR DAY='WED1'
00128 WEDI REDS SPIN 0800 2 6 7
00129 WEDI MEDX CHST 0800 14 2 :
00130 WED1 REDS EXTR 0800 15 8 4
00131 WEDI MEDX CHST 0800 28 2 13
00132 WEDI MEDX CHST 0800 20 2 2
00133 WEDI FAMP EXTR 0800 . : 4 10
00134 WED1 WD2B UGI 0800 40 3-. 1
00135 WEDI MEDX CHST 0800 85 4 1
00136 WEDI GOPC EXTR 0800 73 3 3
00137 WED1 MEDX CHST 0800 77 4 6
00138 WED1 INTM BE 0900 29 55 0
00139 WED1 FAMP EXTR 0800 157 6 1
00140 WED! MEDX CHST 0800 126 4 2
00141 WEDI INTM CHST 0800 137 3 2
00142 WED1 GOPC EXTR 0900 132 4 3
00143 WED1 OBGY IVP 1000 65 35 14
00144 WED1 MEDX SP N 0900 158 3 11
00145 WED1 GOPC CHST 0900 139 2 2
00146 WED1 PEDS CHST 1000 101 6 4
00147 WED1 GOPC SPIN 1000 107 15 371
00"-140 .... D!u ORTH EX'-TR l,,,,00....0 105 3 F,

00149 WEDI FAMP EXTR 1100 114 2 C
00150 WED1 FAMP SPIN 1100 86 20 5
00151 WED! ORTH EXTR 1100 94 2 1
00152 WED1 GOPC CHST 1100 100 4 8
00153 WED1 EMER EXTR 1200 94 4 C
00154 WED1 FAMP EXTR 1200 93 5 23
0)0155 WED1 EMER HEAD 1300 15 27 4
00156 WED1 FAMP CHST 1200 143 4 2
00157 WED1 GOPC CHST 1300 105 2 2
00158 WED1 FAMP KUB 1300 69 2 7
00159 WEDI GOPC EXTR 13100 71 6 ?
00160 WED1 FAMP CHST 1300 68 2 11
00161 WED1 GORC SPIN 1400 41 4 1
00162 WED1 INTM CHST 1400 34 2 10
00163 WEDI FAMP CHST 1500 28 3 1
00164 WED1 GOPC CHST 1.500 28 2 11
00165 WEDI WD2C CHST 1500 18 3 11
00166 WEDI EMER EXTR 1500 30 28 4
00167 WEDI FAMP EXTR 1500 60 4 2
00168 WEDI FAMP SPIN 1500 59 8 2
00169 WEDI GOEC MULT 1500 66 9 1
00170 WED1 EMER SPIN 1500 73 8 C)
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LIST FOR DAY='THUl'
0 17 1 THU 1 INTM SPIN 0800 1.8 26 4

00172 THUI ORTH EXIR 0800 48 2 1

00173 THUI ORTH EXTR 0800 51 3 6

00174 THUI GOPC EXTR 0800 41 2 22

00175 THUI GOPC SPIN 0800 65 9 2

00176 THUI INTM UGI 0800 73 40 5

00177 THUI MEDX CHST 0800 117 1 1

00178 THUI MEDX CHST 0800 114 2 1

00179 THUI MEDX SPIN 0900 85 3 4

00180 THU1 WD3B IVP 1000 15 52 5

00181 THUI INTM CHST 0900 98 2 1

00182 THU1 GOPC SPIN 0900 148 21 2

00183 THUI ORTH EXTR 0900 108 1 0

00184 THUI FAMP CHST 0900 152 2 6

00185 THUI ORTH EXTR 1100 85 14 C)

00186 THUl FAMP EXTR 0900 155 3 4

00187 THUI EMER EXTR 1200 19 15 2

00188 THUI GOPC EXTR 1000 167 4 8

00189 THUI RFAMP EXTR 0900 1706 4

00190 THU1i MEDX EXTR 1000 164 2 2
00191 THHIII nRTH EXTR 1000 161 5
00192 THUJI ONIH EXTR 1000 16. 3 2

00193 THUI1 ORTH EXTR 1000 164 4 1.0)
00194 THUI GOPoFTC CHST 1000 169 7 1

000195 THUI1 GORC EXTR 1000 169 7 31

00196 THHU ORTH EXTR 0900 15)0 6 5

00197 THUI ORTH ExXTR 12100 144 4 6

00198 THU1 EMER SPHIN 1100 145 5 ?

001 99 THU 1 (30FC KFI N 1100 139 8 4
00200 THUI ORTH EXTR 1100 168 5 5
00211 THUI ORTH EXTR 1200 115 6 1

002)2 THUI ORTH EXTR 1l1O) 177 2 1

00203 THUI FAMP CHST 1.400 20 4 Q

00204 THU 1 ORTH EXTR 13001 60 11 13.

00205 THU 1 FAMP CHST 1 400 68 5 1
00206 THUl EMER EXTR 1400 30 6
00207 THUI FAMP EXTR 1000 155 4 1
00208 THU 1 EMEK EXTR 1200 150.. 3~ 6
00(2209 THU 1 FAMP CHST 1500.: 6 1 1 ?

(002210 THU 1 (JTH EXTR 1600 1.0: 4 1
00211 THUI 6FC CHST 1 /00 15 2 1-5

00212 THUI 1 (0FC EXTR 1 6U0 13 2 1
00213 THUl GOOC EXTR MOD~ 5 4 0
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LIST FOR DAY=:F'TRI2'
00214 FR12 GOPC IVP 0800 9 35 5

00215 FR12 PEDS IVP 0800 21 45 8

00216 FR12 FAMP CHSi 0800 108 5 1-

00217 FR1 IFED)S SFPIN 0800 115 2 0
00218 FRF12 FAMPF SPINN 0800 1165 4 100 ,

00219 FR12 FAMP CHST 0800 129 4 0

00220 FRI2 ORTH EXTR 0800 131 3 1=
00221 FRi2 EMER EXTR 0800 137 4 4

00222 FR12 FAMP EXTR 0800 143 1 2
00223 FR12 ORTH EXTR 0900 88 1 1

00224 FRI2 GOPC CHST 0900 81 2 1

00225 FRI2 PEDS EXTR 0900 81 5 1

00226 FRI2 GOPC MULT 0900 84 6 7

00227 FR12 PEDS EXTR 1000 42 2 2

00228 FR12 EMER EXTR 1000 45 2 7

00229 FR12 PEDS CHST 0900 94 4 6
00230 FR12 USD) EXTR 1000 25 2 i

00231 FR12 USDB CHST 1000 28 1 1
00232 FRI2 USDB HEAD 1000 31 9 7

00233 FRI2 GOPC EXTR 1000 75 3 1
00234 FR12 FAMP CHST 1000 78 5 5

00235 FR12 PEDS EXTR 1000 60 2 2

00236 FR12 INTM EXTR 1000 56 3
00237 FR12 FT EXTR 1100 43 4 2
00238 FFRI2 SURG CHST 1100 57 3 7

00239 FR12 FAMP EXTR 1100 45 2 1
00240 FR12 FAMP CHST 1100 47 7 1

00241 FRF2 FAMP CHST 1100 36 1 7
00242 FR12 DRTH EXTR 1200 21 3 9

00243 FR12 WDDB EXTR 1200 8 2 5

002C14 FR[2 EMER EXTR 1200 5 3 9

00245 FR12 ALBY MULT 0800 88 17 7

002.47 ER 12 00FF SP'IN 1400 45, 14 61
00248 FRFI2 EMER SPIN 1400 39 28 0

00249 FRF12 EMER SPIN 1400 73 3 6

00250 FR 12 GOP'S F X R 1500 31 2" 1
00251 FR 12' FOUF SF'IN 1500 22 ito 8
00252 FR12 FElER FXTR 1500 38 4 0

00253 FR1I2 GUMU E X I 1600 23' 4 0

N
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IIST FOR DAY= 'ON?'
00(251 MON :AMF SF PI N 0800 II 19 1
C0 0255 MON:..: MEDX CHST 0800 30 3 1
C) 0256 MON2 MEDX CHST 0800 .. 1 10
0.0257 MON? GOPC HEOD ()800 36 4 2

-02 M9 NON? O, VH EXTR 08(') ( 5 17
C)0) 29 M ON2 MEDX CHST 0800 37 2 5

00260 LON2 ORTH EX T: 0800 36
M61 ON? MEDX CHST 0800 44 2 1

00 C) 1101\1 1 N? I NTM I VP 0900 K' 77 1
00))6 M NON2 ORTH EXTR 1. Q 1 1 10

00264 NON2 WD32 CHST 1000 12S2 1
0c265 MON? 20BGY I VP F, 58 9
00266 2 DMN2N2 1 INT I-ETHEAD 1. 000 '9 1

(0272 6 hON.2 3RT1-H EXTR 1100 /
00.268 N2 GDOPb PEA 1 200 C 20
0Q26 N MON? EMER SH' AN 1. 1 1(K 88 7 1

002767fl MON2 FAMP CHST 1300 '3 1
0Q)271 MON2 TM M NULT 1. 1 C.) 14
Ch 279 MON? WRH EXTR 1100 0 .

M002 N ON?2O. G CHT 1D P)0 166 I 4 1
1L 4[.::. LIP I fl F AT 2 . C.'*¶ /t i

00271T. MON? 0N R.' H 1T) 1 RHE0 1. 2 7 C)
00276 M ON'`2 DNF' CHST 1500 1 0 C 1

Cu'.:)77 M0NON 1ROMP NU LT 1.300- .. . .1.6- (

C.)(J2278 NON?. N'lEP X E X 'TR' 40C)u 9 6 1
007 9 NON 0 4[\I BR 0U 0 5

080 NON M U '0 IAO-lCH S T 1. 400C 41 1 k)& 1. 7
B.1)28 MON.' ORk' 17 XTIRý 1'0 63Y C 1-

....m?82 l NON? W[)D CHST 150 60 C)
00283 IMON? NED. X 1EX, 1600 0 6 C
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LISiT FOR DAY=-'THUE" -

0c0284 ThE2 I NTM EXTR 0800 7 C)
00285 TLUE2 2EDX CHOT 0800 6 3 4
00285 TIE? 0RTH EXTR 0800 3 4 1

00287 TUrE2 MEDX CHST 0800 5 1 6

00288 THE2 WD2B CHST 0300 3C 4 5
00289 TIJE2 PT EXR 0800 2 C 8

'0290 TUE2 F AMP E XTR 0800 1- 6 3
00291 THE2 MEDX C(HOT 0(..0 9 6-

0(0292 TUE2 EMER CHSHT (900 6 4
00293 TUE2 GOPC EXTR 0900 13 7

00294 TUE2 I IIM PE 9(1)00 16 51 2
(9(Th59Lj THUE2 0 TH E XTR\ 0900 C2 4

09(3 T1 IE?2 GOPF;C tUG I 0900 69 C2

Q ('2`97 TU E2 M 71) CHST 0?900 107 / 4 4
(98 TUV23 1 L RE ITH E XTR 0'?Q00 96 3 4

0(99 T1E?2 INA] E XTR 0900 90 7/
o C ... TUE2 INTM EXTR 09009 10 C C C

.03 U T U E? 13RIH EX.8 1100) 46 1i
0C37 02. 1 IUE. MEDX CHSHT . 000 11 1

0M3'3 TUE2 013111 SF I N 1(00 9u 1
00 T 0 TE22 ORTH E X 1. 1000 97 5/

I 00 THE2 MEDX C(HOT 1.000 121 4 2 f0

0030'6 1 EE? 00RTH EXTR 1.000 1. 03 4 1

00307 T1UE? ORIll SPI N 1.000 1(C 4 1.4 1
(03(8 1UE F (30P[ CHST 1100 1 03 9 13

00 TUE,0 THE?. P50 SP I N 1 100 12
00 10 U E? FiOEL SPI N 1100 122 4 1

..11 THE2? OTH EXTR 1200 84 1 8

039) 2 1. E1 HUE:?S2 1 HOT 120') 83 4] 1
00) 1 TIE2 FAM P EXT1 1200 89 3 c

0314 T UE2 INT M CHST 1200 77
0(3 15 TUlE" ORTH E XTI 12'10 1C) I 5

J.03 I L3 - `L •- - 1 CHST i 3.:- )t .21. 1

C) 31 7 TUE2 EMER EXT 1 1200 74 4 0

0 1. U TIJE2 OFTH EXTR 13:00 ..25 1 1

(931 J 9 THE2 FAMPF SPIN 1.300 *: 3 1
03) 0 THE? GC CIOFSHT 130( 17 3 1

(311 TUE2 0RTH ElXT i400 1 F 6 8
0 TUE-2 EMER EXT1 1400 27 9 1

I -...E..2 I NTM SPT N 1400 C) 15 1

.'24 TULE2 MEDX CHOT 1.400 C 28 6

0035' [HE? O8TH E X TR 140(1 9 4

CC3'26 TUE2 DRI H HEAD 1C500 1 :15 7

0027 'TUE2 GOPC EXI R 1500 8 7

0 T3 8 THE? GoPC CHSHT 1500 •,8 -9
. TUE? GORC Ml JLT 1 500 63 8 1

00 (C T[.IE.? C P-D EXTR 1.500 _,15
31 TUIE' EMER EXT1F 1500 /7 4 6

CH TJI IE?2 RTH F (X 1500 68B 7
HEIAD.TUE2 5OE (E10 iI C0 H2 . 1

C)3 .3.4 TUE? E2 MER OSPI N 1 6(M- 46 9 C?
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L IST FOR DP'Y='WED?'
00335 WED? 2RiER E XTR 0800 1 2 16
00336 WED2 0RTH EXTR 0800 16 1 12

00337 WED2 ORTH EXTR 0800 12 2 3

00338 WED2 MEDX CHST 0900 9 1 2

00339 WED2 OB3Y IVP 0900 2 50 0

00340 WED2 FAMP IVP 1000 0 40 0

00341 WED2 GOPC SPIN 0900 47 10 0

00342 WED2 INTM CHST 1000 28 10 18

00343 WED2 PEDS EXTR 1.100 18 7 i

00344 WED2 HOPC CHSI 1100 1 6 0

00345 WED2 GOPC EXTR 0900 55 2 3

00346 WED2 GOPC SPIN 1i100 21 5 1

00347 WED2 GOPC CHST 1200 1 3 8
00348 WED2 FAMP EXTR 1200 9 1 10

00349 WED2 EMER SPIN 1300 10 15 0

00350 WED2 INTM CHST 1300 7 10 3
00351 WED2 GOPC SPIN 1300 12 8 9

00352 WED2 GOPC CHSI 1300 8 0

00353 WED2 FAMP CHST 1300 24 1 4

00354 WED2 WD2C SPEC 1400 4 64 5

00355 WED2 MEDX CHST 1400 61 2 1
00356 i.,' Z•:,:, -. CHET 1400 5l.1 2 1

00357 WED2 OBGY CHST 1400 54 1 3

00358 WED2 0RTH EXTR 1500 48 3 1

003C 9 WED2 FAMP KUrS 1500 52 7 f

00360 WED2 ORTH EXTR 1600 13 4 10
00361 WED?2 GOPC EXTR 1600 10 5 0
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L I ST FOFR 04Y=- -1-111-2
00362 THU2 DGOPc EXTR 0800 15 3 9(

00363 THU2 MEDX CHST 0800 9 2 8

00364 THU2 GOPC EXTR 0800 8 14 0

00365 THU2 MEDX CHST 0800 17 1 0

00366 THU2 (OPC CHST 0800 14 10 o

00367 THU2 ORTH EXTR 0800 23 10 1

00368 THU2 GOPC EXTR 0800 27 4 0
00369 THU2 GOPC CHST 0900 20 2 8
00370 THU2 WD2C SPEC 0900 2 69 0

00371 THU2 GOPC SPIN 0900 55 20 1

00372 THU2 ORTH EXTR 0900 103 6 0
003773 THU2 GOPCR EXTR 0900 105 2 2

003 74 THLJ2 MEDX EHST 0900 52" 1
00375 THU2 FAMP EXTR 0900 114 2
00376 THU2 GOPC EXTR 0900 109 6 13
00377 THU2 1NTM HEAD 0900 106 8 12
00378 THU2 GOPC SPIN 1000 115 2 1
00379 THIJ2 (OPE OHS] 1 000 107 /7

00300 THU2 ORTH EXTRHAC8 1000 98 3

003) 81 THU2 08TH HEAD 1000 91 'F 1
00382 THU2 .JT. CHST 1000 ... I 2J3
00383 THU2 ORTH EXTR 1100 85 3 7.

00384 THU2 EMER EXTR 1100 68 3 4

00335 THU2 ORTH EXTR 1100 76 2 5
00385 THO? 08TH EXTF2 1100 57 1 U 6,
00380 7 THUL2 FAMPT SPIN 1100 73 17 1

00388 THU2 ORTH EXTR 1200 82 10 1

003B9 THU2 ORTH EXTR 1200 87 1 2
00390 THU2 GOPC EXTR 1100 88 3 2

00391 THU2 FAMP CHST 1200 72 6 1

00392 THU2 INTM SPIN 1300 49 11 1
00393 THU2 GOPC EXTFR; !300 ...25'"' 4 l!

00394 THU2 ORTH EXTR 1400 11 10 10
009395 THU2 MEDX EXTi 1400 15 5 2

00396 THLJ2 ORTH EXIR 1400 20 1 7
00397 THU2 FAMP HEAD 1500 7 8 0

00396 THWI2 GOPC EXTIV 0900 1 00 4 0
00399 THU2U WD3B .HS' 1.500 1 2 05 _.5

00400 1602 08TH ATE. 1.600 5 10 0
LIST FOR DAYz'FRI3

00401 FRI3 ORTH SPIN 0800 5 9 5
00402 FRI3 INTM UGI 0800' 17 20 1(m0

00403 FRI3 EMER I]MS] 09(00 36 3 2
00404 FRI3 GOPC CHEST 0800 35 2 -

00405 FRI3 INTM IVFY 0800 44 28 1

00406 FRI3 WD3B CHET 0900 2 3
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LIST FOR DAY='IIONT'
0()407 MON3 MEDX EXTR 0800 4 3 14
00408 MUN3 EMER EXTR 0800 12 4 17
00409 MON3 SURG CHST 0800 35 1 3
00410 MON3 GOPC EXTR 0800 36 3 6
00411 MON3 USDB EXTR 0800 40 2 1
0041.2 MON3 USDB SPIN 0800 4; 2 4
00413 MON3 USDB HEAD 0800 49 5 9
00414 MON3 GOPC CHST 0800 63 2
00415 MON3 GOPC CHSi 0800 66 2 5
00416 MON3 FAMP UGI 0800 70 30 8
00417 MODM MEX CHST 0800 101 2 1
0041B MOP. MEDX EXTR 0800 96 4
00419 MCNO ORTH EXTR 0800 98 2 4
00420 MON3 INTM CHST 0900 75 2 1
00421 MON3 GOPC SPIN 0800 97 3 1
00422 MON3 JOPC BE 1000 19 44 14
00423 MON3 ORTH EXTR 0900 118 4 1.0
00424 MON3 ORTH EXTR 0900 156 3 10V

00425 MON3 MEDX CHST 0900 130 1 1
00426 MON3 MEDX CHET 0900 112 2. 3
00427 MON3 MEDX EXTR 1000 115 2 5
00428 MON3 ORTH EXTR 1000 116 4 4
00429 MON3 GOPC CHST 1000 100 2 4
00430 MON3 MEDX CHST 1000 120 4 16
0)0431 MON3 MEDX CHST 1100 63 2 6
00432 MON3 ORTH EXTR 1100 96 4 6
00431 MON3 ORTH EXTR 1000 133 16 4
00434 MON3 ORTH EXTR 1200 76 1 1
00435 MON3 GOPC CHST I 0U 80 3 4
00436 MON3 EMER EXTR 1200 66 6 0
00437 MON3 FAMP SPIN 1200 63 7 12
00438 MON3 G(]PC EXTR 1300 54 3 7
00439 MON3 GOPC CHST 1300 54 3 0
00440 MON3 GOPC EXTR 1300 56 15 5
00441 MON3 OBGY FLUR 1300 68 45 15
00442 MON3 WD3U BE 1500 35 53 0
00443 MON3 GOPC SPIN 1400 103 6 i41)
00444 MON3 WD3B CHST 1500 59 4
00445 MON3 GOPC MULT 1200 65 10 0
00446 MON3 WD2C EXTR 1500 7W A
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LIST FOR DAY='TUE3'-
00447 TUE3 GOPC HEAD 0800 3 14 1
00448 TUE3 ORTH EXTR 0800 13 5 1

00449 TUE3 ORTH EXTR 0800 19 15 0

00450 TUE3 MEDX CHST 0800 32 1

00451 TUE3 MEDX CHST 0800 35 2 1

00452 TUE30 RTH EXTR 0800 30 5 1

00453 TUE3 GOPC EXTR 0800 27 6 1

00454 TUE3 oEMER EXTR 0900 7 5 2

00455 ILIE3 COMH EEXTR 0800 22' 4 2
00455 TOE3 (BOPG EXTR 0800 31 4 4
00457 TUE3 GOPC EXTR 0900 27 6 5

00458 TUE3 COMH CHST 0900 34 3 6

00459 TUE3 ORTH EXTR 0900 .. 2 4

00460 TUE3 FAMP EXTR 0900 17 3 2

00461,I TUE3 MEDX CHST 0900 19 1 11
00462 TUE3 GOPC BE 1000 14 44 1

00463 TUE3 FAMP HEAD 1000 57 8 2

00464 TUE3 EMER EXTR 1100 2 15 7

00465 TUE3 ORTH EXTR 1000 82 4 3

00466 TUE3 ORTH SPIN 1000 84 12 5

00467 TUE3 EMER EXTR 1000 99 2 1
00-A68 TUE3 OFPC SPIN 1000 100 3 1

00469 TUE3 MED.f CHST 1000 102 1 2

00470 TUE3 MEDX CHST 1000 109 1 1

00471 TUE3 ORTH EXTR 1000 109 8 5

00472 TUET ORTH MULT 1000 117 31 C

00473 TUE3 ORTH EXTR 1000 1.40 2 7

00474 TUE3 ORTH EXTR 1000 146 2 2

00475 TUE3 ORTH EXTR 1000 147 2 2

00476 TOE3 EMER CHST 1100 108 3 .

00477 TUE3O UPC MULT 1100 112 13 C

00478 TUM3 FAMP SPIN 1200 71 10 C i:10
00573 TUE3 ORTHI XC-,R''' 1300'-. .... 25 60 5

00480 TUE3 EMER KUB 1.200 144 10 1

00481 TUE3 COMH CHSI 1 700 154 'I 5

00482 TUE3 OPC CHST 1200 142 7 8

00483 TUE3 USDB TOMO 1300 107 55 2

00484 TUE3 ORTH EXiR 1400 111 4 0

00485 TUE3 ORTH MOLT 1400 132 I0

00486 TUE3 INIM CHSI 1400 115 3.

00487 TUE3 INTM EXTR 1400 132 4

00488 TUES ORiH EXTR 1400 153 Ii 0
00489 TUE3 INTM SPEC 1400 126 35 0
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LIST FOR D(flY=' 'WEDS_ý
040WED- MED X COHS T 0800N- 1. C)C

00C491. WEDS.7 ORT 1S1 SI N 80 15 4 5
.09 2 WEDS FYAhP CHST 080 20(

00-19 W4E D7. EENT F-1Er~ 0800 1 6 14

00494 WEDS. ORTH E XTR 080 14.
00(,.495 WEDS SO PC F. X T R 080 C 1.
00'.496 WEDS E 1B3 Y SHST 0 80 25 2
00.'49*7 W E DS-ý GOP E XTIR 0800 17 2 1
00498 WEDS3 SOPS E X R 060 17 IS 9

0099 WED) EMER E X 14- 0-900 2
00_.500C WEDS EMER E X YR 090 1.1 1
00)501 WEDS. 80Ff US 5 :'. ) 9 C- )

00502X WE DS 31OPS E XTR', 100 6 Z9
0050.5. W ED S)OPS U133I ('1900 W~ 6 4
C0050C4 WEDSý FAMF EXIR 1000) 7
00_'50)5 WEDS., FAMF S PI.N 10I t()) 7 6 11

005WED` FEDS SF' I N 110 2)4 7 14
00..50-7 W E DS GOES ('HST 1 20 2 1

000GES OPS SHST 1.7)C 29 7

00.*509) W E DS. SOPS SHST 12~0 C S77

m01 ES EMER SF'IN I 200 SF 5
01051 1 W EDS I NTM CSHT 1 ?'0C) 41
00 j 1 '4 WEDS- COMH CHST 12.700 29 A 1

00 51'27 WEDS.7 MEOX SHS[ C.0 26 1
05 1.4 WEDS7 EMERý HEAD 1.50)0 35. 25 5

0C)515 WEDS OBfBY IVP 1.400) 17. 70C 12
00C)515. W EDS-. ORTH E XT R. 150 2 6 5
0"i517 WEDS SOPS _- EX IR 17%00 92. - 1
00'-518 WEDS. ORTH I-- XT R 1. 4 0 6 9 3 2

0019 W E D: 1 FMP SýHST 14. ; 5 2 1
f0C5,?A) WEDS7 ORTH EXTRX 1.400 79 4 1
002 WEDS-- 0 1 H FEXi"R 140 () C 2

00522Y'- WEDS7 Oki H EXW1 150(_0 7518 5 9
C02: WEDS. SOPS CHSV 150 5
005K24 WED'- EUR6 SýHU(.;T 1500 6
005225 WEi3 ClRli H EXTIR 00 9 9 0

00()5.2ý6 WEDS- PFEDS SFI1\N )0o 1 0
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I.IST FOR DAY=rV'THU3"
00527 THU3 FAMP SPIN 0800 5 15 9

00528 THU3 1NTM CHST 0800 6 11 17

00529 THU3 FAMP CHST 0800 12 4 6
00530 THU3 ORTH SPIN 0900 5 16 0

00531 THU3 ORTH EXTR 0900 22 4 1.
00532 THU3T FAMP EXTFR 0900 20 2 5

00533 THU3 OBOY IVP 0900 2? 44 5

00534 THU3 EMER CHST 0900 62 11 2

00535 THU3 GOPC EXTR 0900 72 6 4

00536 THU3 ORTH SPIN 0900 70 11 1.

00537 TH3 0RTH EXTR 0900 80 3 0
00538 THU3 GOPC EXFR 1000 58 5 2

00539 THU3 ORTH EXTR 1000 56 3 C

00540 THU3 FAMP CHST 1000 58 3 1
00541 THU3 GOPC EXTR 1000 36 2 7

00542 THU3 WD3b SPIN 1000 64 6 1

00543 THU3 ORTH EXTR 1100 28 7 1

00544 THU3 FAMP CHST 1100 35 0

00545 THU3 ORTH EXTR 1100 37 4 4

00546 THU3 FAMP CHST 1100 39 2 1
00547 THU3 FAMP MULT 1100 3M Z'_

00(548. HU3 08TH EXIR 1 100 61 55
00549 THUS FMMP CHEST 1200 27 2 1
00550 THU3 EMER ETXTR 12010 20¶ 4 4Z

00551 THU3 WD3B BE 1200 9 51 6

00552 THU3 PEDS CHST 1200 83 3 1

00553 THU3 INTM CHST 1300 40 2 6

00554 THU3 USDB EXTR 1300 28 3 14

00555 THU3 FAMP EXTR 1300 26 5 0

00556 THU3 ORTH EXTR 1300 30 10 2

00557 THU3 ORTH EXTR 1300 35 8 7
00558 THI IfRTH FXTR 1400 46 2 1
00559 THUS ORTH EXTR 1400 46 6 1

00560 THU3 ORTH EXTR 1400 47 2 1
00561 THU3 ORTH EXTR 1400 49 7 1

00562 THUS GOPC CHST 1.400 43 4 2

00563 THUS GOPC ABD 1600 2 7 2

00564 THU3 EMER SPIN 1600 2 I) 0
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LIST FOR DAY='FRI4'
00565 FRI4 FAMP SPIN 0800 4 18 1
00566 FR 14 F(-MP SFPIN 0800 23 18 4
00567 FRI4 ORTH EXTR 0800 40 2 1

00568 FR14 MEDX CHST 0800 32 2 1
00569 FRI4 P.T SP IN 0800 59 283
00570 FR14 USDB CHST 0800 97 2 1i
00571 FRI4 ORTH EXTR 0800 103 5 2
00572 FR I4 SOPU I YR 0700 75 43 2
00573 FRI4 PEDS CHST 0800 105 3 1
00574 FR14 GOPC EXTR 0900 94 3 3

00575 FRI4 SORC HEAD 0800 130 5 1
00576 FRI4 ORTH MULT 0900 101 10 1
00577 FRI4 EMER EXTR 1000 97 2 2
00578 FR 14 FflMF US I 1000 1 10 35 2
00579 FR14 FAMP EXTR 1000 100 3 1
00580 FR14 FAMP SPIN 1100 95 12 9
00581 FR14 ORTH EXIR 1100 111 1.
00582 FR14 EMER EXTR 1000 140 3 1
00583 FR14 GOPC HEAD 1100 95 5 9
00584 FRT4 SOPt EXTR 1100 10711 6
00585 FRI! GPcv HEAT 1100 1i 0 4 1
00586 FR14 GOPC HEAD 1100 99 5 0

00587 FR 14 EMER MULT 1300 is i10 5
00588 FR14 PEDS SPEC 1200 52 52 8
00589 FR14 [BGY IVP 1300 55 30 2

Ou59C) FR 14 1453B LTHST 13::00 132' 4
00591 FR14 FAMP EXTR 1100 175 3 1
00592 FRI4 GOPC SPIN 1300 112 10 1
00593 FRI14 SURE EXTR 1300 121 3 1
00594 FRF14 GOPC EXTR 1300 125 3 1
00595 FRI4 EMER EXTR 1500 15 2 4.
00C)596 FR14 SOP E X if 1 400 10 2 .
00597 FRi4 PEDS MULT 1500 39 50 0
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L IST FOR DAY= MONA
00,8MON4 u"'TH 0800 ICC00

00(-5(99 MONA, F4MF E X I FZ 0)800C 19 7r
00600 MON4 DOPC HEAD 80

00.'601) MON41 OFT H IXI 080 I2 1
0)0602 MON4 ORTH EXTF 080 3- C 6 2 9

053 MON4 W DZB CHEIST C080 C 38
C00-60-4 110N4 G0OPE 08-D 00 37 6 2
0050)5 MON4 EUPIH CH4ST1 0800 44 1
00606 MON4 ORTH E XTR 080 48 6 A
00.60"7 MONA OEEHT00 57 5 0
00C608.) MON4 '.lE 1)X CHST 0800 ' 60 1
0060)9 MON4 DOPE CHEWT 0800 "I2

0010 MON4 SUJRE BE 0900 5 25
06 11 MONA. MEDX SF I N 1000) 16 '
00612) MON4 DUPE EXTR 0800 9 6 6

053 MON4 MEt)X EHST' 0800 1'' - 1" 1 1
06 3. 4 MON4 EOMH CHSTl 0900 1( .2 1

Q06515 10N4 SURE BE 100 483 3T9
005')1.6 MON4 EM ETR E XTR 0)900C t 1 i. 6 1
0051)t~ 7 tIUN4 DOEEXIR 0-900) 1 122
00 6 18L- MONA. D E NTl HEAD 0900 1 1 -7 1

00C619? MON4 DO1 .1PE EX 1 R 090 ic
00620 MONA SURE S E 110 1 3 2

0052 1 MUN4 DOPE SPI N 110(1 146 11. 1
0622 MON4 I1MM EHST 1000C- 12 2 1:

00 M MON4 F AMPF E X 1YR 0'900( 154 6 1
0054 MON4 DOP'CE EXTR 110 8I C 8 -

06'25 MON4 D(]PC EHST 120 49 2
00C6"25 MONA4 DOPE, HULJT 1 '20 ()C 46 3
00)627 MON4 FT SP I N 1 ý200 43-! 57 6

067.8 MON4 EME F L2HST 130 7 2 6
052 9 MON4 EH IE R HEAD 120 ')0 4-4 10

0053 Ul i,4 SLIRL3) SPt-lIN 1J. 64 .%Jk)6
00631-T MONA OR'T'H EXI Rk10 44

005)7.2 MONA DOPE EXTF 130 24 .
003;MON4 EJIF E X TI 130 2 7 1j
054 MON4 ORTH FEX iV 30 X.7 11l I

0053)6-f5 MONA OBEY SPEC 1.0 3
0053:'6 MONA DOPCE EXTF 1.40 2. 7 - 16
0063b--7 MON4 DOPE MOL'T 1 40 19 20
00)638T MON4 VDJD3B 5:PE C 15(1) 6 7
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LIST FOR DAY:='TUE4'
00639 TUE4 WD3.P CHST 0800 5 9 1
00640 TJE4 ORYH EXTR 0800 18 2 4
00641 TUE4 MEDX CHST 0800 23 3 1
00642 TUE4 FAMP EXTR 0800 23 3 11
00643 TUE4 DENT HEAD 0800 22 6 4
00644 TUE4 ORTH EXTR 08000 23 2 1
00645 TUE4 GOPC EXTR 0800 23 2 6
00646 TIJE4 G0FC EXTR 0800 30 2 4
00647 TUE4 MEDX CHST 0800 36 1 7
00648 TUE4 GOPC EXTR 0800 40 16 18
00649 TUEM INTM BE 0900 38 27 B
00650 TUE4 INTM CHST 0900 82 2 1
00651 TUE4 MEDX CHST 0900 81 2 7
00652 TUE4 MEDX IVP 1000 30 55 7
00653 TUE4 ORTH EXTR 0900 125 3 1
00654 TLJE4 GOPC SPIN 0900 129 3 1
00655 TUE4 ORTH EXTR 0900 126 5 5
00556 TUE4 EMER EXTR 1000 60~ 4 1
00657 TUE4 MEDX TOMO 1100 12 78 2
00658 TUE4 MEDX CHST 0900 213 2 2
00659 TUE4 ORTH EXTR 1000 142 2
00660 TUE4 ORTH EXTR 1000 140 4 9
00661 TUE4 O.R:TH EXTR 1100 129 " ?
00662 TUE4 INTM CHST 1100 133 12 1
00663 TUE4 ORTH EXTR 1100 136 2 2
00664 TUE4 8OPC EXTR 1100 121 4 6
00665 TUE4 ORTH EXTR 1100 129 1 0
00666 TUE4 PEDS EXTR 1100 129 0
00667 TUE4 GOPC CHST 1100 123 2 4
00668 TUE4 ORTH MULT 1200 103 6 5
00669 TUE4 FAMP SPIN 1200 107 20 5
00670 TUE4 ORTH ARTH 1400 "2 35 4
00671 TUE4 ORTH EXTR 1200 154 3 4
00672 TUE4 WD2C EXTR 1400 38 12 0
00673 TUE4 ALBY HEAD 1500 18 4 1
00674 TUIE4 EMER EXTR 1500 18 4 3
00675 TUE4 GOPC HEAD 1500 ."2 8 5
00676 TUE4 GOPC EXTR 1500 18 8 21
00677 TUE4 GOPC EXTR 1500 25 13 0
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LI 1ST FOR DAY='WED4'
067 8 WED4 WD3-B CHST 0800 ( C 5 2 0

o("679 WED4 MEDX CHSl 080 71
00(680) WED4 ORTH EXTR 0800C- 9 3 1
oo&81f~ WED4 MEDX CHST 0800'(- 6 2 6
00C)6 82 14504 MEDX CHST 0800(-(- 6 5 1
00683-' 1454 MEDX CHST 080 5
00-684 14504 II"JTM SPIN 080a
00C685 14504 SOPC (HST 00
00686 14504 SOPS E XT R 0800~o 6
00687 W504 MED CHS3I 090 6 1 Q
00688 14504 SOP DIST 0)900C 6 1 3
C)0068S9 14504 GOPL( E XITP 09(005
0)0690) 1404 I NTM I VP 0900(-(. 2-.9 27 1
0069 1 JEID4 SO0PC EXTR 0-900'(- 48 4 C)

00C)6 922 1454 PEDS E XTR 0--900(- 48 5 1
06 93 1454 PE[)S E XTRIP 1000C 0 9 C)
069 4 1454 EMER EXTR 100 24 2) 1

00695 14504 SOPS E XT R 1000C)C 24 4 2
0066 E54 FAThP E XTR 1000C 27 3 4

00j697-I 14504 FAMP EXIR 11 00C 4 5 1
00698 14504 EMER CHST 110 1 10 19

f flfl ti-nLif ri cfl -y I-I t"ILJL I Sf'T' 1.

00C)) 454 FOMP EXT P 11 C-)C) 16 4 5
C)071 C 1450E4 EME'R flBD 1100 91) 60, 2

00)C702' L1E04 ORTH EXITR 1 300C. C 1. 8 2
0070:5 1404 SOPS SHS'T 1300 37 C- 1- ý

C) 74 OA 404 SOPS SHS)T 130 34I C3- 8
00..70)5 14504 MEDX SPIN 1 30 C 26) " 15= 4
007Ot 14504 SOPS E XTR 1400C .1 8
00)()70-)7 14504 EMER EXTR 1400.(- 146 4- 4
00C)7 08 14504 SOPS EVER 1400 17 1 1

00C) E154 EME-R EXTR 1.40C-() 15 U.
o07 ~ ~ I 1 45411)SSST 1 5C0 11 1

00Cý711 14504 SOPCS SPIN 150 10) 2
07 1.2ý 1504 INTM EXTR 1500')" 11 /4 8

()0'71 3T WE. 04 IRTHA E X TRF 150 11. 6 4
00(-714 14504 FflMP SPIN 1 500UC 4 21 1
00-71.5 14504 F AMP~ L-. v. I-R 1.50 C () 130
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LIST1 FOR Dc-)Y=]iHU4'
00716 IHU4 MEUX CHST 0_-800C 12 4 2
00J717 iHU4 08T-H E X T C)8E300c 18 a
1))7 18 THU4. 08TH EXTR 0200. '24 7 2
00C719V THU4 GOPC SPIN 0 800 C-) 4 1
00C)72'C) THU4 08TH E X.T8 00080C 1 5p 1
00C 72 1 THU4 MEDX CHST 0"800' 1.6 2
0 072'-2 THUIl FEDS E(IHS 3 91" 1 8 4 C

00 HU4 6080 E X'T 0900 ( 16 9 7
0Uu72 4 1 HU4 BOPC E--XT R 0)900C 9 - 14

7 1 HU4 08 OTH TOMO 0-)90 C 3.6 40 1
07STHL4 08TH E XT090 5 16- 1

"07127 THU4 I NTM GHST 0)900 C 60 1 0C
00C)7228 THU4 08TH E XT8 0)900), 5', a8 -
0C) 07 22 THU4 0 RTH SF' I N 100'0 49 14 C)
0 07 30C THU14 EMER HEAD 100 C)C A9 8 1
0073 -ý1, THU4 EMER EXTlR 110 21C)

0732 THU40TH XT100 21

0 07 33 THU4 MEOX LAST 1 10O2C) 1
007347 THLJ4 SORE EX T8 1.100lC_ 9 6
0073.5 THU4 08TH EXTR 1200' C 6 4
007756 THU4 COPE EXT8 1 20 C)C) L 7 6

C) 737 THU4 MED X FE' XA 1'8 120 C C) I4 6 2
007378 THIJ4 MEOX EHST 120 21 12o
W)739 THU4 08TH E X T 1c0 17 9

00_740_ THU4 08TH E XT 810 14 2 2
00741 THU4 COPEC EHST 1, O3 13 2)

00)74_2 THU4 13088 EXT8 1.30'0 4 4 7
Ku7 43 THU4 W D'2C EXT8 17.00 1) 7 7

0~ 7 44 THIJ4 FCAMP EHST 1400C_ 7 1
00"745 THLJ4 08TH EXT8 1400 10 t 1
00)746 THIJ4 08 kTN [IFX 18A 1. 40C0 1 0 5 1

u77 THU4 0R8TH E XT F 140.3
(107 t9 I 11U4 U Il-(1 - -:. A ii i- .1 u qI , J Ij /-

00 ' 749 T H U4 EME-R SF PI N 1. 500C-( 17 .7 2
u70THU.4 EMER E X'T8F 1500G C 5 1 1

C /1. 1HU4I MEL)X C NSb 1.600C 1 3; C
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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-Ocs Nov-Jan Feb-Apr

General X-Ray:
Cheat/Ribs 224 200 220
Extremet ie 360 300 329
Head/Sinus 36 43 43
Spine 80 76 90
Kidneya/Uretera/Bladder 9 9 8
Abdominal Series 10 10 11
Multiple 19 18 23

Total 738 656 724

Fluoroscopic and Special

Upper Gastrointestinal 25 29 23
Barium Enema 29 20 19
Barium Swallow 3 4 2
Gall Bladder 5 5 5
Small Bowel Follow Through 3 2 1
Arthrogras 2 2 2
Venogram 2 2 1
Intravenous Pyelogram 17 18 21
Tomogrem 3 2 3
Xerogram - 1 1
Other 5 6 7

Total 94 91 85

Mammograma 60 60 60

89



APPENDIX F

ESTIMATE OF EXPECTED AVERAGE WAITING TIME
ALTERNATE SCHEDULING METHOD #2

TABLE 20

EXPECTED DISTRIBUTION OF PATIENT ARRIVALS
ALTERNATE SCHEDULING METHOD #2

Arrival General Sched. Unached. Total
Hour X-Ray. F&S F&S F&S

0800 187 - 1 1
0900 105 - 3 3
1000 91 - 1 1
1100 81 - 2 2
1200 61 - 4 4
1100 66 4 1 5
1400 61 2 3 5
1500 63 - 2 2
1600 23 - - -

Total 738 6 17 23

TABLE 21

EXPECTED AVERAGE EXAMINATION COMPLETION TIMES
AND CUMULATIVE VARIANCE FROM SERVICE CAPACITY

ALTERNATE SCHEDULING METHOD #2

Average Average Time Cumulative

Arrival& Complete Examinations from Service
Arrival (In minutes) Capacity

Hour Gen. F&S Gen. F&S Total (In minute*)

0800 9.35 0.05 92 2 94 +34
0900 5.25 0.15 51 7 58 +32
1000 4.55 0.05 45 2 47 +19
1100 4.05 0.10 40 5 45 +4
1200 3.05 0.20 30 9 39 -17
1300 3.30 0.25 32 11 43 -34
1400 3.05 0.25 30 11 41 -53
1500 3.15 0.10 31 5 36 -77
1600 1,15 -- 11 -- -- -96
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TABLE 22

DIFFERENCES IN AVERAGE EXAMINATION CUMPLETION TIMES REQUIRED
ALTERNATE SCHEDULING METHOD 02

(In Minutes)

Altarnate
Arrival Study Period Method #1 Cummulative

Hour (Observed) (Expected) Difference Difference

0800 105 94 -11 -11
0900 83 58 -25 -36
1000 67 47 -20 -56
1100 43 45 +2 -54

TABLE 23

ESTIMATE OF EXPECTED AVERAGE WAITING TIMES
ALTERNATE SCHEDULING METHOD #2

(In Minutes)

Study Period Cumulative Difference Expected
Average Patient in Average Examination Average

Arrival Waiting Time Completion Time Patient
Hour (Observed) (+ or -) Waiting Time

0800 47 -11 36
0900 87 -36 51
1000 94 -56 38
1100 79 -54 25
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APPENDIX G

OPTIMAL SOLUTION COMPUTER PRINTOUT

ALTERNATE SCHEDULING METHOD #3

YOUR VARIABLES 1 THROUGH 10

SLACK VARIABLES 11 THROUGH 22

ANSWERS:
PRIMAL VARIABLES:
VARIABLES VALUE
1 33.31249
2 20
4 6.666666
6 2.666667
7 2.666667
8 20
9 1.333333
10 80
11 1030
13 3.015633
15 4
17 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 11019.19
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APPENDIX I1

OPTIMAL SOLUTION COMPUTER PRINTOUT

ALTERNATE SCHEDULING METHOD #4

YOUR VARIABLES 1 THROUGH 10
SLACK VARIABLES 11 THROUGH 22

ANSWERS:
PRIMAL, VARIABLES:
VARIABLES VALUE
1 7.06249
2 20
4 6.666667
6 2.666667
7 2.666667
8 2U
9 1.333333
10 80
11 1030
13 22.70313
15 4
17 2

DUAL VARIABLES:
VARIABLE VALUE

1 A
2 1.21815
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
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APPEND.X I

OPTIMAL SOLUTION COMPUTER PRINTOUT
ALTERNATE SCHEDULING METAOD #3

(25% Workload Increase)

YOUR VARIABLES 1 THROUGH 10
SLACK VARIABLES 11 THROUGH 22

ANSWERS:
PRIMAL VARIABLES:
VARIABLES VALUE

2 24.66666
6 4
7 4
8 25.33334
9 1.333333
10 100
11 1770
13 ?5
14 .5000046
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

(25% Wo-rklb,4a 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 0
4 0
5 0
6 0
7 0
8 57.87235
9 37.16313
i0 44.53902
11 113.0497
12 11.9149

VALUE OF OBJECTIVE FUNCTION 10563.55
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