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PREFACE

At tower-equipped airports, the controllers in the tower cab are
responsible for those aspects of Airport Surface Traffic Control
(ASTC) requiring centralized management: issuing clearances for
aircraft to land, taxi, or take off; establishing routing patterns

for arriving and departing aircraft on the runway/taxiway net-
work so as to minimize delays; sequencing aircraft movements

on runways and taxiways and at critical intersections to ensure
safety; and controlling the movements of service or emergency
vehicles on the airport surface. Because of the expertise of the
controllers and pilots, the ASTC system has worked well most

of the time. However, the unfortunate incidents at Chicago-O'Hare
(20 December 1972) and Boston-Logan (31 July 1973) have pointed
out certain deficiencies; e.g., the system's surveillance capability
when visibility is poor.

Initiated by the Federal Aviation Administration (FAA), the ASTC
program is in the process of implementing several near-term
system improvements. However, it is expected that these improve-
ments, while adequate for the 1970's, will not be adequate to meet
the more stringent long-term requirements of the 1980's.

The approach which has been taken in the present study is to con-
centrate on the Nation's most active and, in one sense, most
mature airport; i.e., Chicago-O'Hare, In performing the study
at O'Hare, the cooperation of the Airport Traffic Control Tower,
the City of Chicago Department of Aviation, and the FAA Great
Lakes Region was essential to the success of the effort. Mr.
Paul S, Rempfer, of the Transportation Systems Center (TSC),
acted as technical monitor for the Government. In addition,
Messrs. Rempfer and L. Stevenson, also of TSC, performed the
theoretical analysis of local area capacity which is presented in
Section 5. 3, 3.1 of Volume III.
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SECTION 5 - OPERATIONAL/ FUNCTIONAL ACTIVITY ANALYSIS

5.1 GENERAL

The purpose of this section is to present the results of the quantitative
analyses of the O'Hare ASTC System operations. The operations environments for
the periods selected for detailed analysis of the ASDE films and controller commu-
nications recording are described. Following this, results of the data analyses are
presented for the areas of:

1. Aircraft flow analysis, including traffic flow statistics for the
ramp, ground taxi, and local control areas.

2. Controller workload analysis, both communications and non-
communications.
3. Cockpit crew workload analysis, both communications and non-
communications.
5.2 TRAFFIC OPERA TIONS ENVIRONMENTS FOR DATA ANALYSIS
PERIODS

As noted in several earlier portions of this report, the airport operating
mode and the runway configuration in use are the primary determinants in the direc-
tion of ground traffic flow and, therefore, can be expected to influence taxi times
and delays. In addition, the nature of the runway configuration could be expected
to influence traffic flow for departures after reaching the runway queue as well as
arrival operations. For these reasons it was decided that the data analysis would
be performed in a manner that allowed examination of the differences in airport op-
erations as a function of runway configuration and operating mode (i.e., Arrivals
from the East or Arrivals from the West). Thus, various traffic operations peri-
ods represented in the ASDE films and controller communications recordings made

by TSC and CSC were selected for detailed study to derive a data base for the
1. Analysis of traffic flow statistics

2. Controller workload statistics



3. Pilot workload analysis
4, ASTC system effectiveness assessment
5.2.1 Selection of Operational Periods for Study

The following guidelines and criteria were generally employed in the

selection of the various operational periods for detailed analysis:

1.

The runway configuration met the general definition of the two op-
erating modes; that is, during a sample time period of one hour it
was possible to identify one primary arrival runway among the
northside and southside runways to which approaches were made
from generally the same direction, eastor west. This did not
rule out occasional arrivals on another runway.

There was no runway configuration change during the sample
period. Because runway configuration influences the ground taxi
flow pattern, changes in configuration would result in differing
taxi operations for which ground movements data could not be con-
gidered from the same statistical sample for analysis purposes.
In addition, such changes tend to introduce additional influences
on traffic movement delays which would be difficult to distinguish
in the ASDE films,

The sample time periods of interest were restricted to weekdays
and, more specifically, to hours of normal traffic, i.e., between
0800 and 2100 local time.

Periods representing normal visual operations in either east or
west mode would constitute the primary samples for analysis.
The basis for this criteria was the decision that the data derived
should support the following study analyses of ASTC functional
performance and design definition. Since future ASTC systems
would function and be of primary value during normal operating
traffic volumes, if these volumes are to increase as predicted,
the supporting data should be drawn primarily from such opera-
tional periods.

Sample periods representing other than normal visual operations
would be selected if they

a. met criteria 1-3 above;

"



b. exhibited a "normal" constraint on airport operations due to
reduced visibility,

6. Satisfactory ASDE films and controller communications record-
ings were available to permit the analysis of traffic flow statistics
and controller communications activities, particularly under re-
duced visibility conditions.

7. The traffic operations volume (i.e., total number of operations)
represented a moderate to heavy level of traffic.

Using these criteria, the operations environments represented in the
40 TSC data runs (80 hours of operations) and the quality of the data available for
analysis were reviewed.. The potential runs for anal&sis were first narrowed down
to twelve that met criteria 1 through 5. Runway occupancy counts were made from
the ASDE ﬂims on these runs to verify the runway configuration and to measure the
total traffic volume. Based on these results, the choice of eight runs (four for each
fnode of operation) for analysis was made. These runs all represented normal vis-
ual operations periods.* For the various TSC runs involving non-visual conditions,
several were definitely eliminated because they did not satisfy criteria 5a or 5b,
The decision was deferred for a few of these runs, pending the availability of suit-
able non-visual operations periods from the CSC data collection, because they did
not satisfy criteria 6 (i.e., no ASDE films were available or interference between
ground control channels did not permit investigation of the effects of these condi-

tions on controller communications activity).

These same selection criteria were applied to CSC data resulting in the
choice of five runs for analysis. Three of the runs represented operations under

Category I and Category II conditions, The choice of two of these runs holds spe-
cial significance. The first of these runs includes Category I conditions for the

first hour of the collection period and deterioration of conditions to Category IT

*The analysis for one of these runs was terminated because of difficulties with the
ASDE film,



early in the second hour, Thus, the data derived from this run allows examina-
tion of the transition for Category I to Category II operations, The second of these
runs was made later in the same day, also under Category I conditions, and exhib-
its the effects on airport operations resulting from the extreme disruption caused

by the preceding Category II situation.

The operational environments represented in the selected data periods
are summarized in Table 5-1. From the table it may be seen that a total of 14
operational periods were analyzed, including five ""Arrival from the East" mode
and four "Arrival from the West" mode under good visibility conditions, and five
YArrival from the West" mode under low visibility conditions (which is the normal
mode for such conditions). Traffic volumes ranging from approximately 100 to
140 operations per hour, excluding Run CSC #8b, were observed. In addition,
both Dual (i.e., independent intersecting arrivals) and Parallel (i.e., indepen-

dent parallel arrivals) approach modes of runway operation were covered.

5-4
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Table 5-1. Summary of Operational Environments for Data Periods Selected for Detailed Analysis

Time of |Mode of| Primary Runways Operations
Day of Day Opera- North South Dep. Visual Conditions

Run No, | Week | (Approx) tion |Arr.|Dep. |Arr,| Dep. |Arr.| RW(GC) (Ceil. /Vis.) Other Remarks

TSC 15 |Wed. |0900/1000 | West [14L | 9L | 9R |22L |52 59(49) |25,000' scattered |Dual approaches
2 mi smoke/haze

TSC 20 |Thur. (0830/0930 | East |22R [32R |27L |27L |64 64(74) |25,000' & overcast |Dual approaches
7 mi clear

TSC 24 [Sat. 740/820 West |14L [(14L | - - 21 15 <200' solid Centerline lights on
<3/8 mi 14R inoperative

TSC 29 |Tues, |1800/1900 | West |[14L | 4L | 9R | 4R |58 54(54) |10,000' scattered (Dual approaches
6 mi smoke/haze

TSC 33 |Wed, [1645/1745 | East [27R |32R |27L |22L |74 | 68(68) [25,000' thin/broken [Parallel approaches
>15 mi clear

TSC 35 [Thur. [1000/1100 East |[27R |32R |32L (27L (49 57(57) |Unlimited Dual approaches
15 mi clear

TSC 37 |Thur. [1530/1630 | West |[14L | 9L [14R | 9R |71 | 69(51) |25,000' thin/scat- |Parallel approaches
tered, 15 mi

TSC 39 |Fri. |0830/0930 | West |[14L | 4L | 9R | 4R |64 | 76(76) |4600' broken Dual approaches
8 mi rain

CSC 5 |[Wed. [1640/1740 | East [27R |[32R [32L (27 (70 | 65(68) {25,000' broken Dual approaches
6 mi haze

CSC 7 |Thur. |1445/1545 | West [14L | 9L [14R | 9R |53 20(57) |[300' overcast; 1/2- |Parallel approaches
1-1/2 mi fog/haze

CSC 8a |Fri. [0850/0950 | West [14L | 9L |14R [ 14R |56 46(48) |300' indefinite Parallel approaches
1/2 to 1 mi_fog

CSC 8b3|Fri. [0950/1050 | West |14L2|14L 2. 72 | 31(28) |>100' solid 14L only runway
>1/4 mi heavy fog |Open for hour,

mostly departures

CSC9 |Fri. [1315/1415 | West |[14L | 9L (14R |27L |61 |[56(54) |400' indefinite Parallel approaches
1-1/2 mi fog Large # gate delays?

CSC10 (Wed. [1830/1930 | East [27R |32R [32L |27L |70 | 53(46) | Unlimited Dual approaches
12 mi clear
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Table 5-1 NOTES

Operations counts indicate number of aircraft observed in runway operations, RW, and in ground taxi op-
erations (GC), during period. This difference stems mainly from starting and ending of specific times
for analysis hour, thus beginning with aircraft left from pre-analysis period or aircraft cutoff at end of
analysis period.

In this period heavy fog brought conditions below landing/departure minimums for 14R very early in period
allowing only one arrival; waiting departures were routed to 14L,. Fog conditions allowed only three arrivals
on 14L in early part of period and lifted for a few minutes midway through period to allow three more
arrivals before closing in again for balance of period.

The ASDE film was reduced for this run but no analysis of the data was made because the conditions resulted
in abnormal traffic operations for departures only, However, communications analysis was performed to
study the impact of these conditions on controller activity.

Heavy fog conditions in morning (Run 8b) caused major disruptions of flight schedules. Continuing low
visibility level during rest of morning perpetuated disruptions resulting in a large number of gate delays.
As a point of interest, low level visibility continued throughout the day, including another period of dense
fog in early evening. Thus, disruption of schedules continued throughout the day and at a point in the
evening all arrivals were stopped to let backed up departures out and then all departures stopped to let
arrivals in,



5.3 AIRCRAFT FLOW ANALYSIS

A major part of the operational analysis at O'Hare has consisted of an
examination of the aircraft flow statistics for the three main areas of interest,
namely, the Ramp (or Carrier) area, the Ground Controllers' area, and the Local
Controllers' area. The Ramp area has been defined for the purposes of this anal-
ysis as that inside the concourse fingers. The Ground Controllers’ area has been
defined to include the remainder of the airport surface excluding the departure
queue and active runways. These latter two areas have been defined as the Local
Controllers' area which is of interest to the ASTC program. Each aircraft moves
through these three areas irrespective of its flight phase (i.e., arrival or depar-
ture). The examination of these three areas has taken into account the operational
differences between them, wherein the north and south side runways at O'Hare are
handled by separate Local Controllers. On the other hand, the Ground Controllers'
operation is based not on geographic separation but rather on aircraft flight phase--
one controller for arrivals and another for departures. Each of the eight ramp
areas, of course, handles both arrivals and departures so that both Ground Con-
trollers must consider the impact of ramp area operations on their respective

traffic. Figure 5-1 illustrates the flow of aircraft through these areas.

GROUND CONTROL LOCAL CONTROL

A —

GATES AREAS AREAS

——A
RAMP LOCAL CONTROL
AREA —1  NoRTH [ =D
ARRIVALS
r
L
”~
P DEPARTURES
RAMP / LOCAL CONTROL b

AREA SOUTH

 E——

Figure 5-1. Aircraft Flow Between Movements Analysis Areas




The traffic flow in each of these areas is analyzed to derive statistical
parameters for nominal movement times and delays in relation to the volume of
traffic flowing in the area during the period. In addition, queuing analysis models
are employed to derive an average density (Q) or number of aircraft flowing in

each of the movement areas at any time,

The aircraft delays which occur in the several parts of the surface
traffic control system are influenced by parameters unique to the particular move-
ment area. Delays in the ramp areas are more influenced by airline scheduling
than by runway operations levels, Departure delasrs in the Local Control area will
be highly influenced by arrival traffic. To establish a common basis for combin-
ing the various delays, all values were normalized to an average delay per opera-
tion. This permits a comparison of delays at various points in the total system.
The simple model to be used for comparison and/or addition of the various delays

contains the following components:

Ramp Area Delay
Penalty Box Delay
Ground Control Delay
Local Control Delay

Other possible delays may be experienced while the aircraft is at the
gate or while the aircraft is under approach control. Neither of these has been
evaluated in this analysis. Delays at turnoff for arrivals have been investigated
and occur so seldom that they will not be considered as a significant component

of the overall delay model.

Descriptions of the data analysis and resulis for each of the three

movement areas are presented in the following paragraphs.



5.3.1 Ramp Area

5.3.1.1 Data Collection

During the period January 16 to 18 and January 23 to 25, 1974, visual
observations were made at Chicago's O'Hare Airport terminal area to determine
aircraft movement characteristics within the ramp area, During this period, ap-
proximately 350 individual aircraft movements were recorded within several ramp
areas for both arriving and departing aircraft. TSC ASDE film data taken during
February and March 1973 was also used for determining activity in the various

ramp areas.

The principal parameters of interest for arrival flights consisted of
total taxi time and hold time, if any. For departing aircraft the time intervals of

interest were separated as follows:
1. Pushback operation

2. Engine start time (waiting period between end of pushback to start
of taxi)

3. Taxi time
4. Hold time

The techniques used for obtaining these parameters were described in
Section 2.

The concourse configurations together with gate numbering schemes
are shown in Figure 5-2 to aid in the identification of the location of the ramp
areas described in this report. With the exception of the K ramp (Gates 1-11),
all ramp areas are described in this report by two alpha-characters which relate

to a specific area enclosed between two adjacent concourses.

VFR conditions generally prevailed throughout most of the visual ob-
servation period. The first of two exceptions occurred on 17 January around 0900

when the visibility was somewhat reduced due to fog and haze. The data collected

5-9



chv
0] 1)
we 9
OVY’\ AAQ AA&.
o'\
°
@ b ) 4
® 'y v
T ° )
z
129 «
10e 9 A.“ 1 ° R ® f(.v AN.W
e 7A v «
g o 2
eo\ ©F *\ \e ? a2
5B I
a® » o *Mhane
34 i
2@ : Al
ZA~ UAL
(o8 P 3
@ 0 8 2 —~
O s ¢ ¢ |
hBaA 5 as AN
3
L VAL [A\_o
TWA
( 2 \
2 100 8 6 4
@ () [ ] [ ]
®
n® %% %3 39 LEGEND
L TwA ® Jetwoy
A Stoirs

O Stairs ond Lower Jetway
m Abbrevioted Jetway

'
JL ac- /
L)
“
)
[
3 38 3 s
L)
$ "2
o>

VV( ® Helicopter
—— DAL — ——NOR ¢ LL Lower Level
I0B0A 8B BA € 4
od® [ ]
@ A®® 0§ O 0O
cBA 9 7 S -
Coar MR AIRLINES
3 (X AAL American EAL Eoastem
¢ Y J AC  Air Conada NOR  North Central
\. 6o ng AL Allegheny NWA  North West Orient
78 BNF  Braoniff 0ZA Ozark
q 8 CAL  Cenfinental TWA  Trans World
N (T DAL Defto VAL  Uniled
N 109,
(0

Figure 5-2, Gate Assignments

5-10



during this period was not indicative of any perceptual difference in aircraft move-

ment within the ramp area and is, therefore, included in this report,

The second exception occurred on the morning of 18 January. An at-
tempt was made to record data on the K and HK ramp areas. Visibility conditions,
however, deteriorated steadily throughout the observation interval with reported
RVRs of 1000 or less due to patchy fog which occasionally obscured the outer edge
of the concourses. Also, ceilings were, at times, below 100 feet which had a sig-
nificant impact on overall airport operations both during these morning hours and
later on in the day when conditions had improved. Many flights were subsequently
canceled. Since conditions outside of the ramp area were considered to be abnor-
mal (lack of arrivals, delayed departures and long queues) with the result that al-
most no activity existed at the gate, this ramp area data has not been included in

this report.
5.3.1.2 Data Results

Table 5-2 provides ramp usage data for TSC Runs 35, 33, 20, 29, and
37 on both a numerical and percentage basis. The numbers represent aircraft
movement either in or out of the specific ramp area from or to the identified run-
ways as collected from the ASDE films. The letter "A'* following the runway num-
ber indicates arrival aircraft that proceeded to a specific ramp area while the
letter '"D" indicates departing aircraft that left a ramp area and proceeded to a
specific runway. Ramp areas FG and GH appear to be uniformly the most active
with movements of 20-22 aircraft per hour. Note, however, that in three of the

runs the general aviation area (Butler) experienced comparable traffic.
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Table 56-2. Ramp Usage Data (1 of 2)

Total

Ramp Area A-C| CD| DE| EF| FG |GH | HK K | Other
Run #35 10:07-11:07
RW 32R D 2 5 4 1 6 3 4 3 1
32L A 1 4 4 2 4 6 2 1 1
27L D 1 5 3 6 5 3 2 1
32L D 1
27R D 1
22R A 1 1
27R A 6 3 1 1 4 5 1
Total 11 13 14 7 21 19 10 7 3 105
Percent 10 12 13 7 20 18 9 7
Run #33 16:45-17:45
RW 22L, D 1 3 4 1 4 6 4 3 1
: 32R D 4 3 5 5 5 6 2 2
32L D 4 2 1 1
27, D 2 1
22R A 6 2
27R A 6 5 4 6 4 1 2 1
27L A 2 4 3 7 3 6 4 4 1
Total 23 17 16 16 19 22 13 11 4 142
Percent 16 12 11 11 14,5(15 9 8
Run #20 8:40-9:40
RW 22R A 7 4 3 5 3 3 2 3 3
27L A 2 2 8 5 6 4 6 1 1
27R A 2
2797R D 1 2 2 3 3 1 1 1
27, D 5 3 4 4 4 3 7 4 2
32R D 2 1 6 2 4 3 2 3
Total 19 12 21 18 20 16 18 12 7 143
Percent 13 8 15 13 14 11 13 8 5
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Table 5-2. Ramp Usage Data (2 of 2)

Ramp Area A-C|CD |DE |EF |FG |GH |HK K |Other | Total
Run #29 18:02-19:02
RW O9R A 2 3 6 5 5 2 2 4
141, A 2 3 2 3 5 3 4
4L D 3 1 2 2 3 4 4 1
4R D 3.8 1.8]| 5.8| 4.8| 3.8 3.8 1.8/ 1.7 0.7
Total 5.8| 9.8| 9.8(14,8/13.8(16.8(10.8 {11.7| 5.7 99,0
Percent 5.9/ 9.9| 9,9(14,9|13.9(17.0|10.9 [11.8] 5.8
Run #3715:36-16:36
RW 14L A 9 2 2 3 6 6
4R A 2 6 6 6 7 4 2 2
22R A 2
9L D 10 2 2 3 6 1 3
4L D 1
9R D 1 6 5 5 7 6 2 1 1
Total 24 16 15 11 19 20 11 12 1 129
Percent 19 12 12 9 15 16 9 9 1
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From the data given in Table 5-2, the estimated "Break Point'* for

the eight ramp areas is as follows:

Run # 35 33 20 29 37
Est. Break Point Location FG F F FG F

A summary of peak traffic flow as extracted from Table 5-2 is given
in Table 5-3. From this table it appears that O'Hare is running about 1.4 opera-
tions/hour/gate for the jetway terminal areas during their peak periods. Ramp
parking increases this capability greatly in AC and EF giving a weighted mean of
about 1.6 operations/hour/gate. With a mean service time of about 45 minutes/
turnaround (see paragraph 5.3.1.3) measured at O'Hare, this gives an average

gate utilization (i.e., percent gates occupied at any instant) of 60 percent.

Operations/Hour
Gate

(1.6) = Operations/Turnaround (2) x Gate Utilization
‘ Hours of Service/Turnaround (. 75)

This 60 percent is consistent with the results of preliminary requirements at

O'Hare (Reference 8), It will be seen in paragraph 5. 8.2, 3 that there exists sub-
stantial gate delays during peak periods and, therefore, 1.6 operations/hour/gate
can be considered a peak capacity estimate, This would result in an overall peak

gate capacity of 150 operations/hour at O'Hare (with 94 gates).

*Break Point is the physical median for traffic origination and destination, i.e.,
50 percent of the traffic originates before this point, This impacts on controller
decision-making with respect to routing of traffic,
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Table 5-3. Peak Traffic Flow--Ramp Area

Ramp Area A-C | CD | DE EF FG | GH | HK K
Peak AM 19.0 |13.0(21.018.0 |21.0[19.0|18.0 [12.0
Peak PM 24.0 |17.0(16.0 [16.0 |19.0 [22.0[13.0|12.0
Gates 8.0 [13.0[15.0/ 9.0 |14.0[16.0(10.0] 9.0
11;:’11; /%I;‘:Zatm“/ s.00| 3] 1.4} 2.0%| 15| 1.4} 1.8| 1.4

1General aviation ramp parking gives many effective gates.

2Ozark ramp parking gives 13 effective gates.

A summary of pertinent visual ramp observation data is given in

Table 5-4. The data is grouped into three categories:

1.

Run Identification

This grouping contains a run number, the ramp area identifica-
tion, and the date of observation. These run numbers are for the
visual ramp measurements only and should not be correlated with
other CSC run numbers given in this report,

Overall Ramp Activity Summary

Included in this grouping are the starting and ending times of the
observation period, the number of arriving and departing aircraft
and the operations rate per hour (arrivals and departures) during
the total observation period.

Average Aircraft Flow Durations

The data provided here are average values calculated on individ-
ual runs and include all information for the total cbservation
period. Runs 3 and 5 and runs 4 and 6 have been combined and
the data tabulated in the rows corresponding to runs 3 and 4,
respectively. The duration for each element is in seconds with
the exception of Gate Occupancy time, which is shown in minutes.
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Table 5-4. Aircraft Flow Data - Ramp Area

91-¢

Average - Aircraft Flow Durations (seconds)
Activity Arrivals Departures Avg Gate
Run Identification No, of Ramp Ramp Push- Occup.
Run | Ramp Time | Arrivals/ Service| No. of|Service |No. of |Back | Start [Taxi | Time*
No. | Area | Date | Interval |Departures|Ops/Hr| Time | Holds| Time | Holds|Time | Time|Time| (min,)
1 DE | 1/16| 1553 15/12 13.5 66.0 0 185 0 57 68 60 52(3)
1753
3 DE |1/17| 0700 6/5 11.0 69.0 0 206 0 96 55 56 58(5)
0800
5 DE | 1/17| 0820 1/8 9.0 Results included with Run #3 above
0920
11 DE |1/24| 1700 15/18 19.0 74.0 1 205 1 |82 72 50 41(7)
1845
DE otals 37/43 70.0 1 199 1
2 FG [1/16] 1555 20/16 18.0 80.0 2 182 0 |42 83 57 50(11)
1755
4 FG | 1/17| 0700 6/10 14,6 76.0 1 243 5 |60 87 65 58(6)
0805
6 FG |1/17| 0815 11/7 13.5 Results combined with Run #4 above
0935
12 FG |1/24]| 1700 21/20 19.7 65.0 0 209 3 |90 59 54 43(14)
1905
FG Subtotals 58/53 72,5 3 212 8
7 GH |[1/17( 1705 11/11 | 19 62.0 0 224 4 |79 65 | 49 | 45(4)
1815
10 GH |1/24| 0815 21/23 22 100.0 3 216 5 |89 52 56 40(9)
1015
GH Subtotals 32/34 87.5 3 218 9
8 HK |[1/23| 1635 21/20 16.4 65.0 1 160 0 |66 54 39 39(15)
1905
9 K 1/23| 1630 18/20 14,2 90.0 6 181 4 |66 54 60 48(8)
: 1910
Overall Averages 75.0 200 73 64 54 | 46

*Note: Values in parentheses indicate the number of aircraft for which a gate occupancy time could be computed.



5.3.1.3 Supporting Data Analysis for Visual Observations

As indicated previously, the entries provided in Table 5-4 are average
values obtained from the data for specific observation periods. While these values
do have some significance in certain applications, they are restrictive since they
do not convey any information as to the spread of values observed between differ-
ent samples, In order to demonstrate the variations that were observed, cumula-
tive distributions of the various parameters were prepared by combining the data
collected during all of the runs shown in the table.

The reason for combining the data, instead of presenting it on an indi-
vidual run basis, is due to the relatively small number of samples contained in
any given run. For example, the maximum number of samples in either depar-
tures or arrivals is twenty-one, so that any sample period represents approxi-
mately five percent of the total sample population. Thus, the weighting of any

sample period is too large for any reasonable presentation of a distribution.

Figure 5-3 demonstrates the variability of Ramp Service Time for
arrivals as a percentage of total observations. The plot is relatively linear for
cumulative percentages up to 90 percent and has a shallow slope indicating a rela-
tively uniform distribution of the amount of time required from the time of entry
to docking. This is consistent with the fact that the gates are located at various
distances from the end of the concourse where the timing history of each aircraft
first begins and indicates that 90 percent of the arrivals experienced no ramp

delays.

The remaining 10 percent of the traffic exhibited increasingly longer
arrival durations which werethe result of holds or a slowdown in taxi speed caused

by various activities inthe ramp area. These activities include such factors as:

1. Gate area not clear of ground vehicles
2 Pushbacks of other aircraft

3. Jetway operator not on station

4, Vehicles moving about in ramp area
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Figure 5-4 depicts the cumulative distribution of Ramp Service Time
for departures as measured from the time pushback started until the aircraft
cleared the outer edge of the concourse. Since this time duration includes four
separate intervals, i.e., pushback, engine start, taxi, and holds, the variability
can be expected to be, and is indeed shown to be, significantly greater than that
observed for arrival durations. The plotted data appears to be broken into three
segments: up to 50 per cent, between 50 per cent and 85 per cent, and beyond 85
percent., Starting with the lower percentile segment, each segment exhibits an
increased slope from that of the previous segment. This characteristic is dis-

cussed further in relation to the data shown in Figure 5-5.

Cumulative distributions as well as the calculated average values of
the taxi, engine start, and pushback time intervals are shown in Figure 5-5 as
curves A, B, and C, respectively. Curve A exhibits an essentially uniform slope
fhroughout the entire range. This is considered to be due to the fact that in virtu-
ally all cases the pilot of the aircraft is in a position to evaluate the situation in
the ramp area between himself and the outer edge of the concourse during the in-
terval between the end of the pushback operation and the start of the taxi operation.
Consequently, if he determines a conflict exists he will either delay the start of
the taxi operation or else he will taxi slowly in anticipation of a resolution of the
conflict before he would be required to hold. Approximately 68 per cent of the
samples completed the taxi operation in less than or equal to the average value of

54 seconds.

Curve B, which depicts the distribution of sample intervals between
the completion of pushback and start of taxi, i.e., "engine start" time, demon-
strates a considerably greater variation in the amount of time required. Factors
which contribute to this variability are the 'pilot conflict resolutions" discussed
above and differences in time required for aircraft checkout procedures, engine

startup, etc. The average value of "engine start' time was 64 seconds.
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The variability of pushback times around the average value of 73 sec-
onds is shown in Curve C. Basically, the amount of time required for this opera-
tion is a function of the size of the aircraft, the relative location of the gate from
which the aircraft departed, other activities in the immediate vicinity of ramp area
utilized (vehicle movements, other aircraft pushbacks, etc.) and the specific check-
out procedures required for the nose-wheel assembly of different aircraft. With
respect to the latter operation, it was of interest to note that the time required
for checkout of the DC-8 was observed to be somewhat longer than for comparable
or smaller size aircraft, It was subsequently Ieai'ned that previous experience
with this aircraft has necessitated a more comprehensive examination of this

mechanical assembly at the completion of the pushback operation.

The data plotted in Figure 5-6 show the variability in Gate Occupancy
times for aircraft which arrived and departed within the observation intervals of
éach run. These values represent the actual elapsed time between docking as an
arrival and start of pushback as a departure. It should be noted that the uppér
limit (maximum time possible) is dictated by the length of the longest observation
period (160 minutes). Obviously, aircraft that were already at gates at the start
of an observation period as well as aircraft arriving towards the end of an obser-
vation period are automatically excluded from this presentation. The average of
the 82 gate occupancy measurements was 46 minutes with the 10 per cent and 90

percent points of the distribution at 24 minutes and 58 minutes, respectively.
5.3.1.4 Analysis of Arrival and Departure Holds

A summary of the results of the ramp area hold analysis is given in
Table 5-5. The actual number of arrivals and departures is repeated from Table

5-4 to permit a comparison between the number of holds and the total number of

operations for each observation interval (run), The ratio of aircraft encountering
holds to the total number of aircraft observed (arrivals or departures) is expressed

in percentages. In addition, the average duration of each type of hold is also given.

5-22



CSC- B 6834429-A-

GATE OCCUPANCY TIME IN MINUTES

N

25

35

45

55

865

75

85

95

/ Averoge =

46

5 10 20 30 40 50 60 70 80 90 9%

PERCENTAGE OF OBSERVATIONS WHOSE DURATION
WAS EQUAL TO OR LESS THAN ORDINATE

Figure 5~6, Distribution of Gate Occupancy Times

5-23

98

99



Table 5-5. Arrival and Departure Hold Analysis

No. of No. of
Run No. | Arrivals | No. of Holds || Departures | No. Holds
1 15 0 12 0
2 20 2 16 0
3&5 7 0 13 0
4&6 17 1 17 5
7 11 0 11 4
8 21 1 20 0
9 18 6 20 4
10 21 3 23 5
11 15 1 18 1
12 21 0 20 3
166 14 170 22
Ratio "Holds" to
Arrivals or De- 8.4% 13%
partures
g:::;taf;"HOld" 90 sec 67 sec
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The majority of the arrival holds were observed to be caused by activi-
ties related directly to the aircraft's assigned gates (gate blocked by parked vehi-
cles, gate not lighted or incorrectly positioned, etc.). In a few instances the delay
was attributed to pushback operations of other aircraft or "exiting' aircraft. Since
arriving aircraft timing did not commence until the outer edge of the concourse
was passed, a considerable number of arrival holds on the inner circular taxiway
or between the outer and the inner circular taxiways are not included in these
statistics, However, these delays are included as part of the ground control anal-

ysis.

Departure holds could, in most instanceé, be attributed to near simul-
taneous departure operations by other aircraft in the ramp area. In a few cases,
aircraft departing from one of the lower numbered gates (those closest to the main
terminal building) were held for arriving aircraft which were to dock at one of the

higher numbered gates,
5.3.1.5 Scheduling Effects

To determine possible effects of airline scheduling on ramp area activ-
ity, the ramp areas FG and GH were examined in more detail for TSC Run #33.
Table 5-6 presents the time sequence of operations in these two areas. The aver-
age interval between ramp movements was 200 seconds for the FG ramp area and
171 seconds for the GH area. Table 5-7 presents summaries of the number of op-
erations in each ramp area using the same data organized into 10-minute blocks
between 16:45 and 17:45. A large traffic peak in the vicinity of 5 p. m. is appar-
ent with 21 operations occurring in the 2 ramp areas in the 20-minute period from
16:55 to 17:15. Individual ramp usage rates as high as 0. 7 aircraft/minute may be

noted in both ramp areas.

The ramp operation is such that several departures are often in the
pushback mode at the same time. Notice the pairs of departures at 17:09 in area

FG and 17:11 and 17:27 in area GH. This "batch' method of operation appears to
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Table 5-6. Selected Ramp Area Activity (Run #33) 1645-1745

RAMP AREA - FG RAMP AREA - GH
Time of Entry | Time Interval | Time of Entry | Time Interval
or Exit (Seconds) or Exit (Seconds)
16:47:47 D 16:46:36 D
17:01:06 D 199 16:52:37 D 360
17:01:36 D 30 16:54:12 D 95
17:02:21 D 45 16:56:08 A 116
17:05:30 D 189 16:58:52 D 164
17:08:16 A 166 16:59:12 A 20
17:09:22 D 76 17:00:25 A 73
17:09:55 D 33 17:04:37 A 252
17:10:09 A 14 17:04:51 A 14
17:11:38 D 89 17:04:57 D 6
17:14:08 A 150 17:05:58 A 61
17:16:09 A 121 17:07:09 A 71
17:23:45 A 456 17:10:59 D 230
17:28:01 A 256 17:12:00 D 61
17:28:58 D 57 17:16:34 A 274
17:29:30 A 32 17:18:27 D 113
17:33:07 A 217 17:27:20 D 533
17:36:50 A 223 17:28:45 D 85
17:40:49 D 239 17:33:17 D 272
17:42:28 D 551
17:43:09 A 41
17:44:44 A 95

19 A/C (Avg Interval = 200 seec) 22 A/C (Avg Interval = 171 sec)

Table 5-7. Ramp Activity by 10-Minute Periods (Run #33)

Ramp FG Ramp GH

Operations | Operations |Total
16:45 - 16:55 1 3 4
16:55 - 17:05 3 7 10
17:05 - 17:15 7 4 11
17:15 - 17:25 2 2 4
17:25 - 17:35 4 3 7
17:35 - 17:45 2 3 5
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offer advantages in reducing ramp area delays for departures, However, it may
result in increased Local and/or Ground Control delays, since it tends to have

aircraft move in "'platoons' rather than individually.
5.3.1.6 Ramp Area Occupancy

Aircraft movement in an active ramp area may also be described in
terms of an occupancy factor. This occupancy factor is defined in terms of the
number of aircraft serviced and the ramp service time required. Therefore, it
pertains only to the ramp area through which aircraft physically move and specif-
ically excludes aircraft after they have docked as well as any empty gate areas.

The relationship for obtaining an average occupancy factor is given as:

Q=haTca+thcd

where

Q = The average Occupancy factor

Aa’ A . = The number of arrivals and departures, respectively, to or
from the ramp area within a specific time period

T . = The average ramp service times for arrivals and departures,

ca, respectively, for that ramp area

Using the average ramp service times given in Table 5-4 (?ca = 75 sec and _T-c d
= 200 sec) and assuming }‘a =A qa- 11 operations per hour,

- (11)(75) + (11)(200)

Q = 3600 3600 O-84

Short term (5-10 minute) peaks of twice this value will occur often,
Because of the approximately 3 to 1 difference in service times between departures
and arrivals, short term variations in the former will play the more significant

role in influencing ramp density.
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5,817 Summary of Ramp Area

It appears that the gate structure at O'Hare will and does support a
traffic flow of 1, 6 operations/hour/gate, This is consistent with a 60 percent gate
utilization (i. e., 60 percent of the gates occupied at any one instant) and a mean turn
turnaround time of 45 minutes. This translates to 150 operations/hour overall

when considering O'Hare's 94 gates and is just in excess of their current quota,

Approximately 90 percent of all arrivals encounter no delay while taxi-
ing in the ramps. The remaining 10 percent experience holds with an average
duration of about 1. 5 minutes primarily due to the gate not being ready, other

pushbacks or service vehicle movement in the ramp area,

Approximately 10 percent of the departures experience holds with an
average duration of one minute. In most instances the holds can be attributed to
near simultaneous departures or waits for arrivals to dock. Once a departure is

rolling, it experiences no slow downs.

The aircraft flow measurements made in the ramp area represent
values obtained under VFR conditions and were primarily taken in the more active

ramp areas., Significant values obtained from the 350 aircraft movements are as

follows:
Arrivals | Departures
(secs) (secs)
Ramp Service Time 75 200
% 1:: !:;rzzzzt ""Held" in 8. 4% 15%
Average Duration of "Hold" 90 67
Pushback Duration (Avg) - 73
Engine Start Duration (Avg) - 64
Taxi Duration (Avg) - 54
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While the maximum value of the ramp movement rate was less than
0.5 aircraft/minute (i. e., 22 aircraft in one hour were observed in Run #10) peak
values over short intervals (5-10 minutes) showed movement rates of almost one
aircraft per minute. On numerous occasions several aircraft have been observed

exiting or entering behind each other.

It should be noted that "delays" at the gate are not included in the above

parameters,

Gate occupancy time exhibited an average value of 46 minutes based
upon 82 measurements and had a 10 percent to 90 percent spread from 24 minutes

to 58 minutes.
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5.3.2 Ground Controllers' Area

5.3.2.1 Data Base Generation for Flow Statistics

Figures 5-7 and 5-8 illustrate the timing relationships and definitions
used for "Arrivals" and '"Departures' which are handled by two separate control-
lers. The Ground Controllers' area of responsibility has been taken as that exter-
nal to the Ramp Area but excluding active runways (except for crossing) and the

turnoffs thereof.

To determine the operations level and associated delays the following
procedure was used. For eacﬁ runway a time history sheet of "Arrivals' and
"Departures' was prepared as shown in sample data sheets of Table 5-8 using the
aircraft flow events previously referenced. Next, a time period of one hour was
selected; aircraft were included in the statistical sample based upon their entrance
time into the Ground Controllers' area of responsibility. For departures, the cri-
teria was that aircraft "LR" (Leave Ramp) time was within the hour while for ar-
rivals "TO" (Turnoff R/W) time was used. For each aircraft observed in the
selected hour, the following parameters were determined as shown in the sample

Data Reduction sheets of Table 5-9 for departures and arrivals respectively. *

1. Departures: Tg a - GC Service Time
Tg ah Hold Time
Tg a Taxi (Movement) Time
2. Arrivals: T - Entrance Delay
—_ gaw
T - GC Service Time
ga
T - Total Hold Time
gah
T - Taxi (Movement) Time
gat
T - Penalty Box Hold Time
caw
T - Taxi Hold Time
gah

*The complete set of data reduction sheets for the Ground Controllers' area is
provided in the Operational Analysis Data Supplement.
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AIRCRAFT AIRCRAFT

SOURCES 5 g1 HI sl WP sP H2 sz gp DESTINATIONS
L~
R/W X (North) —»//// - f ->-Ramp Areas (8)
R/W Y(South)-»;WAlT % ; s~ Cargo,/Hangar
Hangar/Cargo —m 7 o’ Areas
Areas
PENALTY
BOX
= T — |
Toaw Too = Tgan+ Tgoy -
where
Tgaw =8TT - TO Entrance Delay at Turnoff
T =T + T* = ER-STT GC Service Time (Arrivals)
ga gat gah
T =T -T GC Taxi (Movement) Time
gat ga gah
Tgah’ = Z (S1-H1) + (82-H2) + __ + (SP-HP) Total Hold Time
B Tcaw * Tgah
where
T = SP-HP Penalty Box Hold Time
caw
T = '-T Non~Penalty Box Hold Time

1. The Hold in Penalty Box, of duration SP-HP, represents a delay due to gate
unavailability rather than to taxiway congestion and is experienced by only
some of the aircraft.

2. Subscript code - g = Ground Controllers' area
a = Arrivals entering Ground Controllers' area
w = Entrance delays
h = Holds
t = Taxiing (movement) times
p = Penalty Box
¢ = Carrier Area (Ramp Area)

Figure 5-7. Timing Relationships - Ground Controllers' Area - Arrivals
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AIRCRAFT AIRCRAFT

SOURCES RTT LR HI S H2 S2  EDQ DESTINATIONS
YIS =~
AIT [~
o Ramp Areas (8) —-b?wlN 4 ? / *>ToR/W X(North) Dep. @
AP A L o »To R/W Y (South)Dep. Q
o Cargo/Hangar Areas -wL~ g /
AREA // % »To Hangar
= Toaw =T gd ° Toan+ Toar ——

where
Tg aw - LR - RTT Entrance Delay (Occurs in Ramp Area)
Tg qa Tg dt + Tg dh GC Service Time (Departures)

= EDQ - LR

T gdh = I (S1-H1) + (S2-H2) + __ Total Hold Time
ngt = ng - ngh GC Taxi (Movement) Time

NOTES

1, T cannot be determined from ASDE films and was measured as part of

ramp survey effort.

2. Subscript code - g = Ground Controllers' area
d = Departures entering Ground Controllers' area
w = Entrance delays
h = Holds
t = Taxiing (movement) time

Figure 5-8. Timing Relationships - Ground Controllers' Area - Departures
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Table 5-8, Sample Data Sheet (1 of 2)
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Table 5-8, Sample Data Sheet (2 of 2)
AsTC ORP

pace 1 RuN No 2O RuNway 32K
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Table 5-9, Sample Data Reduction Sheet (1 of 2)

RUNNO. 720 DATE ___3-1-73 GROUND CONTROLLER ANALYSIS

RUNWAY 27 R DEPARTURES
LR 840 - 990
EDQ-LR Total Hold Time | Taxi Time
No. | Tedt*Tean Tedn Tgdt
1] 204 - 204
2| 236 - 238
3| 259 - 259
4] 260 ~ 260 |
5| 239 - 239
6] 168 - 168
71 297 107 190
8| 157 30 12.7
9] 160 - 160
10 45 - 45
11| 194 - 194
12 221 - 271
5] 130 - 1%0
14 | 411 117 2.94
15 | 186 - 188

ZT.an 254 zfggt 2917
[No. Holds 3 [N 15
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Table 5-9,

Sample Data Reduction Sheet (2 of 2)

Taxi Queue Time (Tga) =

5-36

RUN NO. __ 20 DATE __ 3-1-70 GROUND CONTROLLER ANALYSIS
RUNWAY _ 27 L. ARRIVALS
TG %40 Yo 940
IN—O: Tgia: ‘ivi=ssl T-TO ;;ga_;ﬂggt rT'gah o eTgaie o H:lds ng_ovz_ W g:;ﬂ
28 - 799 171 128 Nd| -
29 = 197 - 19°7 - -
30 ~- 242 15 127 - 115
31 - 268 - 2866 - -
¥4 — 149 29 120 - 29
33 - 249 48 201 - 48
24 - 154 5S¢ lc4 - 50
35 - 166 = 166 - -
1% ~ 4i1 216 1395 21¢ =
=T T, T =T
- Zobs | = 5017 “Mse | " 624
No. Waits No. Holds Na No. PB Holds
- 20 33 G
Toat 152



Nextin the data reduction process was to sum the individual aircraft param-

eters for each runway. For departures, the following parameters were obtained:
N q —_ Number of departure aircraft

Z T - Summation of all hold time
gdh

Number of Holds

Tg dt - Average taxi (movement) time

For arrivals the following summation values were obtained:;

Na — Number of arrival aircraft

T — Summation of all hold time
gah

Number of all Holds

Tgat - Average taxi (movement) time

Z Toaw — Summation of all '"Penalty Box" hold time

Number of Penalty Box Holds

T - Summation of all hold time excluding Penalty Box
gah
hold time

These runway summation values were next used to develop a composite
picture/summary of the aircraft flow within the total ground control (GC) area.
Table 5-10 shows the results of the analyzed runs. In a:idition to the parameters
previously discussed, these sheets present such parameters as average duration of
Penalty Box '"Holds" and other holds as well as the average time (T ) of the air-
craft in the GC area as previously defined. From this parameter and the number

of aircraft entering the GC area, the average hourly aireraft density, Q, may be

=(N +N>

5-37

determined as
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Table 5-10. Summary of Ground Control Aircraft Flow (1 of 12)

g:ItleNoé}Ss-n Start Time 9_(_)5%){ End Time 10:05LR Primary Arrival Runways 9R, 14L  Arrival Mode from W __(E or W)
Runway I, D, Number of Avg Taxi Time Tc':tgl Taxi Delays . Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZTzq¢ # of # of Total P B, All excl. P.B,
DI N O e v )P G i
|North Area
4L
32R
9L 20 230 4,594 - 12 - - 540
27R
14L 26 286 7,428 - 13 - - 1,040
22R
18
36
Subtotal 26 20 12,022 - 25 - - 1,580
South Area
4R
32L
9R 26 1 203| 210 | B 5583 1 12 3 561 2 583
27L
14R
22L 28 241 6,761 - 4 - - 385
Subtotal 26 29 12,256 1 17 3 561 1,509
Airport Total | 52 49 24,278 (a) 1 42 3 561 (b) 3,089 (¢)
Averages | —== | ==* 244 236 | T B 187 M 73.5 (@
Avg. Time in System (Tg) = 3 P€ = 276sec. - Aircraft Density Q =ATg = L3 _Z Tg= 7.7

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. "Holds"

3600
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Table 5-10. Summary of Ground Control Aircraft Flow (2 of 12)

Il;:?eN(;-lz.ozg Start Time8:40TQ End Time 9;40TQ Primary Arrival Runways 7] 22R  Arrival Mode from _E (Eor W)
Runway I. D, Number of Anggaxi Time Tlc;:zal Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ETgat # of # of Total P B. All excl. P.B.
R I o e ) B IO
North Area
4L
32R 23 205 4,704 - 6 - - 574
9L
e |2 | 15| 111 | 194 | 2517 EENEE - - T
14L
22R 29 190 5,489 - 13 2 336 867
18
36
Subtotal 31 38 13,332 - 22 2 336 1,695
South Area
4R
32L
9R
2L 33 | 36| 152 | 230 | B B3¢ - 98] 6 1,456 b 380
14R
22L
Subtotal 33 36 13,283 - 31 6 1,456 1,604
Alrport Total | 64 74 26,615 (a) - 53 8 1,792 (b) 3,299 (o)
Averages | -== | === 168 215 | - === === == 224 () 73 (2)
Avg, Time in SYSbem—(?E) = %ﬁ = 230 sec. - Aircraft Density Q =ATg =%ﬁg = 8,8

Notes: (1) Avg. Time in P.B. (2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (3 of 12)

Run No. 29
Date 3-6-73 Start Time 18:02 End Time 19:02 Primary Arrival Runways 14L/9R  Arrival Mode from WV (Eorw
Runway I. D. Number of | Avg Taxi Time Total Taxi Delays Delay Time - seconds
Arr | Dept | Arr, Dept Time-ZTyq¢ # of # of Total P B. All excl. P.B.
N Nd | Tyat Tyqt | and/or ZTgqt Arrival | #of ali| P.B. ZT and/or ZT
a - Sgec . Segc . seconclsg "Waits" | *Holds'"| "Holds" caw gah gdh
North Area
4L 21 236 4,949 - 9 - - 668
32R
oL
27R
14L 27 271 7,319 0 11 6 1203 242
22R
18
36
Subtotal 27 21 12,268 0 20 6 1203 910
342 10,602 - 27 - - 1500
242 7,445 2 25 9 1896 746
27L
14R 3 360E 1,080 E 0 - -
22L
Subtotal 32 | 34 19,127 2 52 9 1896 2246
Airport Total 59 | 55 31,395 (a) 2 72 15 3099 (b) 3156 (c)
Averages | -~ | —-- 250 302 275 --- --- --- 206.6 (1) 55.4 (2)
Avg, Time in System (Tg) = ﬂﬁ;g—a—r? = 330 sec. - Aircraft Density Q =ATg = %-";—ONQJ Tg= 10.5

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (4 of 12)

gl:{leNoé-%?IB Start Time _16:45 End Time 17:45 Primary Arrival Runways 27R,27L  Arrival Mode from _E (Eorw
Runway [, D, Number of | Avg Taxi Time Total Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZTgq # of # of Total P B, All excl. P.B.
Yo | M | B | T eeonit™ | muvaer | motaen | vioie] et | or ST,
North Area
4L
32R 30 218 6,530 - 5 - - 379
9L
27R 32 170 5,453 1 14 3 769 419
141
22R 8 104 830 1 4 2 306 128
18
36
Subtotal 40 30 12,813 2 23 5 1,075 923
South Area
4R
32L 8 161 1,288 - 3 - - 164
9R
27 | 34 3] 176 414 BRAE I EE 24 1,305 471 B
14R ]
22L 27 273 7,383 - 5 - - 208
Subtotal 34 38 15,906 - 26 5 1,305 1,464
Afrport Total | 74 68 28,719 (a) 2 49 10 2,380 (b) 2,387 (c)
Averages | -=- | -=- 165 242 202 i i =T 238 (1) 61.5 (2)
Avg. Time In System (Tg) = ToRqe = 236 sec. - Aircraft Density Q = ATg = L—w’f'g = 9.3

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. '"Holds"
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Run No. 35

Table 5-10. Summary of Ground Control Aircraft Flow (5 of 12)

Date _ 3.8-73 Start Time 10:07 End Time 11:07 Primary Arrival Runways 27R, 32L
Based on TO and LR Times

Arrival Mode from E

(Eor W)

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. "Holds"

3600

Runway I. D. Number of | Avg Taxi Time Total Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZTgq; # of # of Total P B. All excl, P.B.
Na| N | Teat | Jgat and:::of;gdt atta® #';fol?i:l MFiolds *oaw  |FTgan/0" Fleqy
|North Area
4L
32R 29 222 6,440 1 150
9L
2R | 22 1| 137 57 3,085 R - 12 19 A
14L
22R 2 114 228 - - - - -
18
36
Subtotal 24 | 30 9,728 - 2 - - 169
South Area
4R
s2. | 25 1| 190 193 4,763 A - sa| 4 496 140 A
9R
27L 26 235 6,097 -
14R
22L
Subtotal 25 27 11,050 - 6 4 496 189
Afrport Total | 49 57 20,778 (a) - 8 4 496 (b) 358 (e)
Averages | -°" | ©7" 163 224 197 - R 124 () 90 2
Avg. Time in System (Tg) = 22€ = 202 sec. - Alrcraft Density Q =)Tg = M T Nd 7, - 5.9
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Table 5-10. Summary of Ground Control Aircraft Flow (6 of 12)

[;Z:eNo'3-§-773 Start Time 3:36TO End Time“:iGI_Q_ Primary Arrival Runways 14R,14L Arrival Mode from _W__(Eor W)
Runway I. D. Number of Avg I';‘l:m Time 'Il:ﬁal Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZT,,, Total P B. All excl, P.B.
R R -0 - R "Holds" Toaw | ZTgantnd/or Ty,
North Area
41,
32R
9L 27 209 5,633 7 345
27R
14L 32 247 7,894 22 1,180 516
22R 2 96 192 2 0 50
18
36
Subtotal 34 27 13,719 31 1,180 911
South Area
4R
32L
9R 34 209 7,121 39 4,702
27L
14R 37 176 6,524 19 809 668
22L
Subtotal 37 34 13,645 58 809 5,370
Airport Total 71 61 27,364 (a) 89 1,989 6,281 (c)
Averages | --- | --- 171 209 207 -" 199 80 (2)
Avg. Time in System (Tg) =270 T ¢C 272 sec. - Aircraft Density @ =ATg = %;.OON Tg= 9.9

Notes: (1) Avg. Time in P.B.

~ "Na+Nd
(2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (7 of 12)

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. "Holds"

ll;:::aNoé-g?n start Time8:29TO End Time 9:29TO Primary Arrival Runways __ 9R,14L . Arrival Mode from _ W _(E or W)
Runway I. D, | _Number of Av?’i‘axi Time 'IP;:al Taxi Delays_ Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZT g q¢ # of # of Total P B. All excl, P.B.
o | Na | Teat | g and:::of;gdt aite" ?%ﬁx?sl "iiolds™ oaw gan™ " T gan
|North Area
AL 22 189 4,157 - 1D - - 24
32R
9L 2 63 125 - - - - -
27R
14L 33 301 9,929 - 23 4| 5 1,202 2,329
22R
18
36
Subtotal 35 22 14,211 - 24 5 1,202 2,353
South Area
4R 51 457 23,292 - 39D - - 6,201
32L
9R 24 166 3,975 1 12 A 2 921 826
27L
14R s | 3 | 235 117 | R 55893 1 Sl : R 338
22L
Subtotal 29 | 54 29,143 2 55 2 921 7,467
Airport Total | 64 | 76 43,354 ()| 2 79 7 2,123 9,820 (c)
Averages | --- | --- | 238 370 | - 303 124 (2)
Avg. Time in System (Tg) = Wa +a2 rc 395 sec. - Aircraft Density Q =ATg = ‘\er 10 Fg =
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Table 5-10. Summary of Ground Control Aircraft Flow (8 of 12)

ll){:::eNo‘l-?()S-(;: Start Time 4:42TO End Time Lfll:g Primary Arrival Runways 27R,32L  Arrival Mode from _E _(Eorw
Runway [.D. | Number of Ang gaxi Time Total Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZTg,,; # of # of Total P B. All excl, P.B.
Ya | M| Tear | Tear and:::o:;gdt Tvaite | vHolde | iiids' Toaw | Flgaptnd/or g,
North Area
4L
32R 30 213 6,395 - - - -
9L
27R 32 173 5,524 - 16 1 241 980
14L
22R
18
36 9 158 1,420 - - - -
Subtotal 32 | 39 13,339 16 1 241 980
South Area
4R
32L 35 | 1 240 62 5 %5 - R EE A 836 A 862
SR
27L 3 |28 110 | 271 4 5 339 a2 - - b 18
14R
22L
Subtotal 38 |29 16,401 - 23 5 836 935
Airport Total | 70 | 68 29,740 (a) - 39 6 1,077 (b) 1,915 (c)
Averages | --- | ——- 204 228 | 000 -=- - == 180 (1) 49 (2)
Avg, Time in System (Tg) = —N_Na_a ;E S = 266 sec. - Aircraft Density Q - ATg = Q__)‘%;Ogd Tg= 10.6

Notes: (1) Avg. Time in P.B. (2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (9 of 12)

Il;\:l:{‘eNO. 1(.:1S 7C-774 Start Time 2:45TQ End Time3:45TQ Primary Arrival Runways _ 141 14R Arrival Mode from _W (Eor W)
Runway 1. D. Number of Ang%axi Time 'IP;:al Taxi Delays Delay Time - seconds
Arr | Dept | Arr. Dept Time-ZTgat # of # of Total P B. All excl. P B,
M| N | Tge | T | e (A e | e o |7 e
North Area
4L
32R
9L 27 155 4,173 - 3 - - 271
27R
14L 26 271 < 7,056 - 9 - - 472
22R
18
36
Subtotal 26 27 271 155 11,229 - 12 - - 713
South Area
4R
32L
9R 30 235 7,060 - 22 - - 1,452
27L
14R 27 220 5,936 - 17 1 | 200 1,106
22L
Subtotal 27 30 | 220 235 12,996 - 39 1 200 2,558
Airport Total | 53 57 24,225 (a) - 51 1 200 (b) 3,271 (c)
Averages | ~°- | =" 245 197 | o --- --- --- 200 (1) 64.1 (2)
Avg. Time in System (Tg) = %ﬁ = 9592 8ec. - Aircraft Density Q =ATg %%9 Tg= 7.6

Notes: (1) Avg. Time in P.B. (2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (10 of 12)

gZ?eNO- 1C138C794 Start Time 1:15LR End Time 2:15LR Primary Arrival Runways 14L, 14R_ Arrival Mode from _W_ (Eorw
Runway I. D, Number of szTI‘(:lxi Time Tc};(Zl Taxi Delays Delay Time - seconds
AI\;T Dligt %l‘!‘. %ept afnf;;!:; zz'ggat 2:11:1%1 #of all ioé TC;;I " T Alla::;:;r STB
a §=ea1<:t. segc‘:i t secondsgdt "Waits' | '"Holds" "!:Iolas" caw gah gdh
North Area
4L
32R
9L 19 271 5,148 - 3 - - 249
27R
14L 31 275 8,525 1 28 5 2,535 1022
22R
18
36
Subtotal 31 19 13,673 1 31 5 2,535 1326
South Area
4R
32L
9R
27L 35 263 9,191 - 2 - - 191
14R 30 260 7,812 - 26 10 9,914 828
22L
Subtotal 30 35 17,0003 - 28 10 9,914 1,019
Airport Total 61 54 30,676 (a) 1 59 15 12,449 (b) 2,345 (c)
Averages | --- | --- 267 267 | eeeee- --- --- --- 830 (1) 53 2)

Avg. Time in System (Tg) = E.N‘%%E

. a+
Notes: (1) Avg. Time in P.B. (2) Divided by number of non

395 sec.
P.B.

"Holds"

3600

- Aircraft Density Q =ATg = ~a - NI F,_11,9
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Run No. CSC 10

Table 5-10. Summary of Ground Control Aircraft Flow (11 of 12)

Date 1-23-74 Start Time 6:34LR End Time7:34LR Primary Arrival Runways 27R,32L  Arrival Mode from _E _ (Eor w)
Runway I. D, Number of Avgl'.roa:d Time 'l?c?tal Taxi Delays . Delay Time - seconds
S R A e s Y DI - ISl Fegrtorg
a gtt- segg t secondsgdt ""Waits" | "Holds" "I:lol.ds" caw gah gdh
North Area
4L
32R 23 187 4,290 - 1 - - 52
9L
27R 33 226 - 7,451 - 3 1 496 85
14L
22R
18
36
Subtotal 33| 23 - - 11,741 - 4 1 496 137
South Area
4R
32L 33 212 7,003 - 10 3 954 356
9R
27L 4 23 206 | 244 ‘{;.; 21‘9‘ % i - - % 12%
14R '
22L
Subtotal 37 23 - - 13,446 - 12 3 954 584
Afrport Total 70 46 - - 25,187 (a) - 16 4 1,450(b) 721 (c)
Averages | === | - 218 | 215 | @ ==---- --- --- --- 36%1) 45.6 )
Avg. Time in System (Tg) = Eﬁa%—c— = 236 sec. - Alrcraft Density Q =ATg = LN%NP Tg= 7.6

Notes: (1) Avg. Time in P.B.

(2) Divided by number of non P.B. "Holds"
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Table 5-10. Summary of Ground Control Aircraft Flow (12 of 12)

Run No. CSC 8
Date 1.18-74 Start Time 8:50D End Time 9:50D Primary Arrival Runways 4R & 141 Arrival Mode from _W_ _(Eorw
8:54A 9:54A
Runway I, D. Number of Avg Taxi Time Total Taxi Delays . Delay Time - seconds
Arr | Dept | Arr, Dept Time-ZTgy; # of # of Total P B. All excl, P.B.
e | e | ne [ ] ] T [T,
North Area
4L
32R
SL 27 249 6,721 7 0 240
27R
14L 28 283 7,934 0 22 5 635 786
22R
18
36
Subtotal 28 27 283 | 249 14,655 0 29 5 635 1,026
South Area
4R
32L
9R
27L
14R 28 [ 21 | 202] 401 [®gs6/8007 2 (] 4 616 A6/ 03
22L
Subtotal 28 21 202 | 401 14,083 2 15 4 616 459
Airport Total | 56 48 28,738 (a) 2 44 9 1,251 (b) 1,485 (e)
Averages | --- | --- 242 325 | e—ee-- --- --- --- 139.0 (1) 42 (2)
Avg. Time in System (Tg) = Wa +a3 7 =3026sec. - Aircraft Density Q =ATg = %gogd Tg= 8.7

Notes: (1) Avg. Time in P.B. (2) Divided by number of non P.B. "Holds"



5.3.2.2 Summary of Results of Ground Control Analysis

Table 5-11 summarizes the results of the various runs which have been
analyzed. These runs have been separated into either an "Arrival from the West"
or "Arrival from the East" mode of runway operation, This table presents average
taxi (movement) time for arrivals, departures, and all aircraft as well as delay
statistics. The latter includes the number of arrival waits at runway turnoffs and
the number of non-penalty box holds as well as penalty box holds. The average

delay time associated with each of the last two delays is also presented.

Data compiled from the individual run sheets are presented in the sum-
mary table, Also included is the average time of an aircraft in the ground system
(i.e., from ramp exit to departure queue entrance or from turnoff to ramp en-
trance) and the hourly average aircraft density (Q). The average delay times have
been normalized to the number of operations per hour to permit addition of delays
occurring in the several portions of the surface area (ramp, ground control, local).
The data from the summary table have been used to develop a graphical presenta-

tion of the results of this analysis.
5.3.2.3 Penalty Box Delay

The normalized penalty box delay time per operation has been plotted
vs operations level in Figure 5-9, There does not appear to be any difference be-
tween East and West mode of operation. There is a general upward trend with
operations/hour, At 140 operations/hour an average of eight aircraft would be
sent to the box (over 10 percent of the arrivals) for over three minutes each, a
substantial delay. The delay does appear to depend upon the ratio of arrivals to
departures, More arrivals than departures should tend to clog up the gates, In
Figure 5-9 all the points above the curve have an excess of arrivals and all the
points below the curve (except CSC #5 for which arrivals are about equal to depar-

tures) have an excess of departures.

5-50



Table 5-11. Summary - Aircraft Flow Statistics - Ground Control

IS-9

Delays Delay Time
— # of Non Ratio JAvg Time of]
T

Aol?:ﬁr A";gsaa’“T‘me #of | PB Avg | Avg | (n%) |A/CinGrd|Q-A/C
Run -==rs pT T |x | Arr. | "Holds"|# of PB| PB | Other |ZHold | System | Density
No. a| d| gat| gdt| gt|'Waits"| Arr|Dep "Holds"| Time |"Holds"|=Taxil|Arr|Dep[All Arr|Dep
ARRIVALS FROM EAST
TSC 20 |64 |74 |168 {215 193] - |25 |20 8 224 | 73 10.4 [219(239(230(3.9(4.9
TSC 33 (74 |68 [165 [242 [202]| 2 24 |15 10 238 | 61 8.2 [214(260(236/ 4.4 4. 9
TSC 35|49 |57 (163 |224 |197| o 2 |2 4 124 | 90 1.7 |176 |227(202( 2.4 13, 6
CSC5 |70 |68 |204 |228 [215] o |32 | 1 6 180 | 49 6.4 266/ 10. 66
CSC 10 |70 |46 |218 |215 [216] o© 10 | 2 4 363 | 46 2.9 236| 7.66
ARRIVALS FROM WEST
csc7 |53 (57 |245 1974|220 - |25 |25 1 200 64,1 13.5 252 7.66 | 29.8
CSC 8 |56 (48 |242 |313 [276] 2 27 | 8 9 139 | 42 5.2 303 8.7 | 14.3
CSC9 |61 (54 [268 {265 (266 1 |40 | 5 15 830 | 53 7.6 395/ 11,9%:6| 20.3
TSC 15 (52 |45 [244 (236 |239| 1 |22 |17 3 187 | 173 12. 6 276 17.76 | 30.5
TSC 29 |59 (55 [250 302 [275( 2 21 (36 15 207| 55 10.0 [320(342(330/5.2|5.2] 27.3
TSC 87 (71 |61 |206 |208 |207| 3 33 |46 10 199 | 80 2292|251 (292 (272 5. 0(5.0| 47.7 | 1
TSC 39|64 |76 238 370 |309( 2 31 |41 7 303 | 124 22,53 395 15.46 | 70.0

NOTES

Not incl, PB Time.

Primarilydueto A/C departure on 9R; RW change at 15:25
Primarily due to A/C departure on 4R.

Due to size of departure queue.

. Due to Penalty Box Delays.

Total of these 2 columns.
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5.3.2.4 Non-Penalty Box Delay

The normalized non-penalty box delay time per operation has been
plotted vs operations level in Figure 5-10. The substantial difference in the two
runway configuration modes is readily apparent. The "Arrivals from the West"
mode appears to have almost a minute longer taxi time. This is due simply to the
longer taxi routes in this mode especially for the North side arrivals from 14L. In
addition, the West mode has almost a minute more delay being e);perienced at high

operations levels (135 operations/hour),

In examining the differences in delay each of the runs were analyzed in

detail,

In all, twelve runs were analyzed, each consisting of one hour of air-
port operations. Table 5-12 summarizes the runs included in the analysis and

gives the number of flights and number of holds observed in each.

Table 5-12. Summary of Analyzed Runs

Run | Direction | No. of Flights | No. of Holds
TSC
15 West 100 40
20 East 136 50
29 West 110 . 62
33 East 142 44
35 East 106 8
37 West 130 82
39 West 140 83
CSsC
5 East 138 35
7 West 110 50
8 West 104 43
9 West 116 46
10 East 116 12
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Figure 5-10. Aircraft Delay in Ground Control Area
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For the purpose of the analysis a "hold'" was defined as any stop while
taxiing excluding penalty box and departure queues. Holds were categorized as
follows based on observation of the traffic conditions apparent on the ASDE films:

1.  Competing Traffic - Aircraft stops due to other traffic on taxi-

ways such as another aircraft crossing its path, stopped traffic
ahead, merging traffic, etc.

2. Runway Crossing - Aircraft stops prior to crossing a runway
whether or not the runway is active,

3. Ramp Congestion - Aircraft stops due to ramp operations or to
await a gate, This does not include penalty box holds.

4. Unknown - Stops for which no reason is apparent.
5. Other - Any holds for reasons not included in the above categories.

In addition to ascertaining the reason for each hold, the location of
each was also noted so that high incidence areas could be identified. For ease in
indicating the location of holds, certain significant intersections in the taxiway
system were assigned numbers as shown on the diagram in Figure 5-11, Numbers
from 1 to 10 indicate intersections on the Outer Circular, 21 to 34 are intersec-
tions between runways and taxiways, 41 to 63 are taxiway/taxiway intersections,
and 70 is the intersection of runways 4L/22R and 9L/27R. Locations along the
Inner Circular and adjacent ramp entrances are indicated by the ramp letter des-

ignations (i.e., A to K).

The hold data from each of the twelve runs is given in Table 5-13. Ar-
rival and departure runways in both north and south portions of the field are shown
and the total number of flights related to each and the number of holds observed for
those flights. In each column under specific hold reasons, the location of each hold
is given by the appropriate designation from Figure 5-11. When holds were observed
between designated intersections and/or ramp areas, two letters or numbers sepa-
rated by a slash are used, e. g., if a hold occurred between intersections 3 and 4 on
the Outer Circular the designation 3/4 is used. Similarly, holds in the area of the Inner

between Ramps G and H are entered as G/H,
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L6-G

Table 5-13. Breakdown of Holds by Location and Cause (1 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North{South |North|{South | Flights | Holds Traffic Crossing Congesgtion Unknown Other
SL 20 12 |3/B3/BEE 126 A
2/3 BHH 26
22L 28 4 |55 H/K D 55
15
14L 26 12 |55 53 3/4 4 23 70 34 K CE#4 1
9R 26 12 (45477 4 HK F/G 7
7 48
TOTAL 100 40 21 3 9 7
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Table 5-13. Breakdown of Holds by Location and Cause (2 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North|South | North|South | Flights | Holds Traffic Crossing | Congestion | TUnknown Other
27R 15 3 |8/63 56 25
32R 23 6 56 56 D/E
A/B H/K H/K
27L 36 11 |H/K 7 7 8/63 8/63 H/K H/K
8/63 8/63 8/63
20 1
22R 29 12 725 34 34 6 A46 22 63 63
677544 8666 55 4 48
270 33 18 65/6 717
TOTAL 136 50 22 4 8 14 2
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Table 5-13. Breakdown of Holds by Location and Cause (3 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run [ North|South [North|South | Flights | Holds Traffic Crossing Congestion Unknown Other
538/55 63 7 3 H/K
4L 25 % 15 6/75/6
4R 23 20 D/E D/E 13 AC at 30
5 AC at 46*
14R 3 0
29
14L 27 10 |7/8 7/8 4/D 134 G F/G F/G
4/D H/K C
8/63 5 8/63 7 HFGFH
R 32 B |q4 55/63 6/7
6/7 2 7 6/75/8
5/6 6/7 5/6 5/
TOTAL 110 62 30 19 11 2

*includes 1 AC which stopped at both 46 and 30,
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Table 5-13. Breakdown of Holds by Location and Cause (4 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North|South [North{South | Flights | Holds Traffic | Crossing | Congestion _Unknown Other
32R 30 5 |[BB/CB/C 57 8/9
32L 8 3 |E 4/43 44
22L 27 4 [52/53 53 53
/K
27L 3 0
33
22R 8 7 B/462 70 70 70 H/K
27R 32 11 (41455 53/55 G/H G 1
7 4 :
27L 34 14 |8 748 5/44 6 44FE 46/47
7717 D
TOTAL 142 44 27 3 8 5 1
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Table 5-13. Breakdown of Holds by Location and Cause (5 of 12)

Reason and Location of Holds
Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North|South |North|South [ Flights [ Holds Traffic Crossing Congestion Unknown Other
32R 29 1 33
27R 1 0
32L ! 1 1 31
27L 26 0
35
22R 2 0
27R 22 1 F4
32L 25 5] 48 7 48 6 48
TOTAL 106 8 4 1 0 2 1




Table 5-13. Breakdown of Holds by Location and Cause (6 of 12)

Reason and Location of Holds
Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run North,South North{South | Flights | Holds Traffic Crossing Congestion Unknown Other
; BDG27 58
27 7
oL G 27
44 4 4/5 45 (12 Stopsat28/44
9R 34 40 /5. 24 Stops at
29/46/47/48
988 23 70 34 34 D95/6 F/G (2 A/B 10 K
37
4L 32 19 23 HC A/B
4 43 6 42/43 5/6 6447 4/5
- 4R 37 16 4 5/6 42/43 4
[ 6 27
o
)
TOTAL 130 82 23 41 12 3 3
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Table 5-13. Breakdown of Holds by Location and Cause (7 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run [ North{South [North|South | Flights | Holds Traffic Crossing Congestion Unknown Other
4L 22 1 H/K
4R 51 | 51 |D50HDS 0 [16AC at32 H/K H/K H/K |4R Pad
2/3 50 48 8 K |21 AC at 30
14R 3 1 44
14L 33 18 9 9/10 6 B 34 9 9/10 9/10 B/C 8
G/H 1717 G/H
HT7TH/KEG
39
14R 5 3 43 8 43
9R 24 9 5748 D6 7 7 G/H
6 .
9L 2 0
TOTAL 140 83 23 38 14 6 2
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Table 5-13. Breakdown of Holds by Location and Cause (8 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North|South [North|South | Flights | Holds Traffic Crossing Congestion Unknown Cther
32R 30 0
36 9 0
27L 28 3 577
csc 32L 1 0
5
A/B H/K C/D
27R 32 15 ;;/2/1!44 A/B 5/6 F/G
F/G G/H
32L 35 15 42/43 43 5 4/5 7/8 G/H 7/8 |42
466 C/D F/G 6 78
27L 3 2 48 7
TOTAL 138 35 19 15 1
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Table 5-13. Breakdown of Holds by Location and Cause (9 of 12)

Reason and Location of Holds
Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North{South |North|South [ Flights | Holds Traffic Crossing Congestion Unknown Other
9L a7 3 4 58 58
9R 30 22 {47/48 6 28 28 18 holds
at 29*
csc 1L 26 9 34 23 23 H/K B B G
7 FC
4 43/4 43/4 4
4R 27 16 |4/3 4/3 2/1 27| 33 D K 56
27 44 27 42%*
TOTAL 110 50 15 24 8 3

*4 AC had 2 HOLDS each.

**These 12 HOLDS due to 9L Departure Queue
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Table 5-13. Breakdown of Holds by Location and Cause (10 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total of Competing Runway Ramp
Run | North|South |[North|South | Flights [ Holds Traffic Crossing Congestion Unknown Other
9L 27 7 |3B E/F 4 D/E 33
14R 21 1 |4
CsC
8 ML 28 21 (26 2 26 70 34 70 23 77C/Dé6/1 |8/9 10 26
23 23 34 34
34 23 70
4R 28 14 2744G/H 7 6/7 FF/G |47 43
41/42 41/42 C/D
TOTAL 104 43 16 11 9 7
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Table 5-13. Breakdown of Holds by Location and Cause (11 of 12)

Reason and Location of Holds
Runways No.
Departures | Arrivals Total | of Competing Runway Ramp
Run | North|South [North[South | Flights | Holds Traffic Crossing_ Congestion Unknown Other
9L 19 3 [333/B
csc 27L 35 2 15/6 5/6
9
9/63 H/K 7
14L 31 24 ;5/53 H/K 3 70 34 34 70 H/7D D 7 B/1 56/10 23/56 56
C9H/KH
6 46 26 4 6 F/G 8 43/44 29/46 43
1R 81 1 6 643 4 47/6 43 24*
TOTAL 116 46 17 4 15 9 1

*3ome of these HOLDS may be due to lack of space in the Penalty Box.
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Table 5-13. Breakdown by Holds by Location and Cause (12 of 12)

Reason and Location of Holds

Runways No.
Departures | Arrivals Total |. of Competing Runway Ramp
Run | North]South | North|South | Flights | Holds Traffic Crossing Congestion Unknown Other
32R 23 1 33
27L 23 1 |6
27R 33 2 16/74
CsC
10
32L 33 7 |4446/74 E7
27L 4 1 H/K
TOTAL 116 12 8 3 1




Table 5-14 presents a summary breakdown of holds observed for ar-
rival and departure flights by East and West Arrival modes. Of the 1448 flights
observed, 810 were in the west mode of operations and these had 406 holds, or a
.50 hold-per-flight ratio. The 638 flights inthe east mode had 149 holds or a .23
hold-per-flight ratio which is approximately half that for the west. The higher
ratio for the west mode is directly attributed to the higher incidence of run-
way crossing holds, These were caused by the use of Runway 4R for departures
with 9R for arrivals (55 holds), 9R for departures with 14R for arrivals (56 holds),
and the use of 9L for departures with 14L for arrivals (29 holds). To examine the
impact of the runway crossings on the delay curve in Figure 5-10, the two high
delay points (TSC #39 and TSC #37) are broken down by category of delay in

Table 5-15. As expected, the major element is due to runway crossing.

If the runway crossing is subtracted from the total for the two cases
and the adjusted points plotted on Figure 5-10, they fall close to the curve for the
East arrival mode. It is presumed that a similar adjustment to all the West mode
points would produce a common delay curve showing 10 seconds to 30 seconds of
delay per aircraft at the higher operations rates (135 operations/hour), The total
delay is similar to that for penalty box holds; however, its impact is not as dra-
matic since it is distributed over more aircraft (i.e., an average of 48 non-penalty

box holds vs 8 penalty box holds).

In considering why the runway crossing delays increase sharply at
130 to 140 operations/hour, it is necessary to consider runway capacity. Para-
graph 5. 3. 3 will show that the current quota (135 operations/hour) is quite con-
sistent with the capacity of the runways. Operations (e.g., TSC #37 and TSC #39)
for which departures must cross an active arrival runway and which are near
capacity building a queue, should tend to experience increased crossing delays as
the controller (Ground Control) loses the incentive to be prompt in his crossing
command. In this case, runway crossing delay is simply more runway delay in a

two segment queue (i.e., one on each side of the active runway). In addition,
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Table 5-14, Summary of Holds by Reason

West East Combined

Number | % of | Number | % of | Number | % of

of Holds | Holds | of Holds | Holds | of Holds | Holds
Competing Traffic 145 36 80 54 225 40
Runway Crossing 140 35 8 5 148 27
Ramp Congestion 78 19 34 23 112 20
Unknown 37 9 23 15 60 11
Other 6 1 4 3 10 2
Total 406 100 149 100 555 100

Table 5-15. Delay Time by Category

Delay Per

Percent Operation

Traffic Held | (seconds)
Runway Crossing 32 35
Competition 18 7
TSC 37 | Ramps 9 5
Not Identified 4 3
TOTAL 63 50
Runway Crossing 27 36
Competition 16 11
TSC 39 [ Ramps 10 15
Not Identified 6 8
TOTAL 59 70
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creating two queues on the terminal side of the arrival runway can facilitate moving

aircraft into the departure queue in an advantageous sequence.

5.3.2.56 Review of Individual Runs

The following brief summaries present some salient features observed

in each of the runs analyzed.

TSC Run 15

Although this is an "Arrivals from the West'" run, the departure run-
way in the south part of the field is 22L rather than 4R which is more often used in
this configuration, This results in the elimination of the runway crossing holds
normally encountered for flights departing on 4R when 9R is used for arrivals (e.g.,
Runs 29 and 39). Several runway crossing holds were observed in the north side
of the field for flights arriving on 14L and having to cross departure runway 9L.
About half of the holds (21 out of 40) were due to competing traffic with arrivals on
9R stopping mostly on the Outer and departures on 9L encountering stops on the
Inner or in crossing the Quter. Ramp congestion holds occurred throughout the
terminal area and several holds were observed along the cargo taxiway for flights

arriving on 14L and going to the cargo area and for departures going to 221L.

TSC Run 20

In this run both arrivals and departures in the south use 27L. Most of
the holds recorded for flights using this runway occur on or crossing the outer
taxiway between the penalty box area and the junction of the Outer with the cargo
taxiway. It is not clear that any relationship exists between these two observa-
tions. Ramp congestion in the FG area caused holds on or crossing the Outer
while some flights exiting between H and K were held at the Inner for reasons which

are not obvious but which may be associated with departure sequencing.

TSC Run 29

The use of 4R for departures in this run causes most flights using that

runway to hold before crossing Runway 9R which is used for arrivals. These holds
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occur at the intersections of the 14R/32L parallel with the 9R/27L parallel or 9R.
Many other holds are due to competing traffic on or crossing the Outer from the
area of the penalty box to the junction of the Outer with the cargo taxiway, Most

ramp congestion holds occurred in the area of Ramps F, G, and H.
TSC Run 33

The 142 flights in this run were observed to have 44 holds. Approxi-
mately 60 percent of these were attributed to competing traffic, No definite pat-
tern to these holds was apparent although several flights arriving on 27L encoun-
tered traffic at the south side of the terminal area at Outer opposite the FG and
GH ramps and the intersection of the north-south and 9R/27L parallel taxiways.
About one-third of the holds were in the categories of "Ramp Congestion", "Un-
known™, or "Other" and these too had no significant pattern. No runway crossing
holds occurred in the southern part of the field where 221, was the major depar-
ture runway and 27L was used for arrivals. In the north, the primary runways
were 32R for departures and 27R for arrivals. Several flights landed on 22R re-

sulting in three runway crossing holds at the intersection of 22R and 27R.

TSC Run 35

Only 8 holds were observed in the 106 flights in this run. Five of these
occurred south of the terminal area for flights arriving on runway 32L, at the same
points noted for 27L arrivals in Run 33. The lower number of holds in this run as
compared to Run 33 which also involved "Arrivals from the East" may have been
due to fewer operations (106 in Run 35 to 142 in Run 33) and/or to a difference in
the runway usage in the southern portion of the airport. In Run 33, 22L was the
major departure runway in the South and 27L was the arrival runway while in Run
35 the major departure runway was 27L and the arrival runway was 32L. Opera-

tions in the North were similar for both runs.
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TSC Run 37

Most flights departing on 9R had to hold one or more times before
crossing 14R which was being used for arrivals. These holds occurred in the
area of the intersection of taxiway T-1 with the Outer, 14R/32L parallel, and
14R, and on the 9R/27L parallel at intersection with the north-south, 14R/32L
parallel, and 14R. Although arrivals on 14L had to cross departure Runway 9L
to get to the terminal area, relatively few (5 out of 32) had to hold before crossing
9L, This may be due to the spacing of these flights relative to the time intervals
associated with runway operations In contrast to the more random distribution of
departure flights leaving the terminal and having to cross a runway to get to the
departure runway. Ramp congestion and competing traffic holds were distributed

throughout the terminal area on both the Inner and Outer during this run.
TSC Run 39

With 83 holds for 140 flights this run had considerably more holds than
Run 33 which had slightly more operations (142 flights with 44 holds). The differ-
ence may be directly attributed to the 37 flights which had to stop prior to crossing
arrival Runway 9R in order to use Runway 4R for departure. Many holds in this
run were caused by Ramp Congestion and heavy traffic in the southeast portion of
the terminal area in the vicinity of Ramps H and K. This resulted in delays inside
the Bridge for flights arriving on 14L. Several holds were observed for flights
arriving on 9R in the same areas noted for 27L arrivals in Run 33 and 32L arriv-

als in Run 35.
CSC Run 5

This run had a similar runway configuration as Run 35 but substantially
more flights (138 to 106), While Run 35 had only 8 holds, this run had 35 holds,
most of which were attributed to Ramp Congestion and competing traffic on the

Outer Circular. Ramp Congestion holds occurred throughout the terminal area.
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Most of the holds on the Outer Circular were observed between T-3 and the north-
south taxiway. Almost all holds in these categories involved arrival flights and
were about equally divided between aircraft landing on runways 27R in the north
and 32L in the south,

CSC Run 7

The runways used in this run were the same as in TSC Run 37. Al-
though there were fewer flights (110 in Run 7 and 130 in Run 37 ) and fewer holds
(50 to 82) there are several similarities in the occurrence of holds. In both runs
most departures on 9R experienced one or more holds in crossing 14R which was
used for arrivals while only a few flights arriving on 14L stopped before crossing
departure runway 9L. In this run most of the competing traffic holds were due to
an extremely long departure queue for runway 9L. At times during the run this
queue extended down the Outer past the penalty box causing congestion along the
Outer and at T-1 and T-3.

CSC Run 8

This run is similar in runway usage to Runs 37 and 7; the significant
difference is that, instead of using 9R for the departure runway in the south, 14R
was used for both departures and arrivals. This, of course, eliminated the run-
way crossing holds experienced by 9R departures, Another difference was that in
Run 8 a far greater number of arrival flights on 14L had runway crossing holds at
9L. The number of Ramp Congestion and Competing Traffic holds in this run was
comparable to Runs 37 and 7; however, 14R arrivals were not affected by the 9L
departure queue as in Run 7. The 104 flights in Run 8 were observed to have 43
holds.

CSC Run 9

The runway configuration in this run is similar to Runs 37, 7, and 8
except that the departure runway in the south was 27L instead of 9R or 14R. The

number of Ramp Congestion and Competing Traffic holds were comparable in all

5-74



these runs. However, in Run 9 most Ramp Congestion holds were observed on
both the Inner and Outer in the area of Ramps H and K while most competing traf-
fic holds were on the Outer in the western half of the terminal area, In this run
only a few flights landing on 14L stopped before crossing SL. The penalty box was
heavily used in this run and several holds, whose reasons could not be definitely
determined, may have been caused by the use of other areas in lieu of the penalty

box.
CSC Run 10

The runway usage in this run was similar to Runs 35 and 5. As in Run
35 a fairly low number of holds was observed (12 holds for 116 flights). Most of
the holds were due to competing traffic on the Outer both at the intersection with

T-3 and opposite Ramp H.
5.3.2.6 Ground Control Area Summary

1. Penalty box delay time does tend to increase with operations/hour,
The mean curve (Figure 5-9) passed through the 150 operations/
hour point at 18 seconds per aircraft. This appears very low com-
pared with the runway delays; however, at this operations rate
about 10 arrivals (see Table 5-11, TSC #33) comprise the delay.
This amounts to over 4 minutes/aircraft held. On this basis, the
150 operations/hour capacity estimate appears reasonable,

2. Non-penalty box delay time tends to increase with operations/hour.
Delays in the West Arrival mode are much higher (mean delay of
a minute at 140 operations/hour) due to runway crossing delays in
that mode. Excluding runway crossing delays, the average delay
per operation in either mode is about 20 seconds per aircraft.
This is similar to the penalty box delay but remains distributed
over a much larger number of aircraft, In addition, of the 20 sec-
onds delay in the taxiway, as much delay is associated with ramp
congestion (again gate related problems) as competing taxiway
traffic (see Table 5-15). On this basis, it does not appear that the
basic taxiways are operating near saturation--but rather quite
smoothly,
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Only 9 Arrival aircraft of the approximately 700 observed experi-
enced entrance waits before taxiing after runway turnoff. This
may be an indication of the small percentage of time that conflicts
arise between aircraft at turnoffs and other taxiing aircraft. Thus
although during peak hours the Ground channels can reach satura-
tion (see paragraph 5.4, 1, 6), its impact on aircraft delay is not
currently showing up as substantial. Pilot interviews indicate
they tend to taxi while waiting for clearance from Ground, This
may be why so few waits were detected,

3

Excessive runway crossing hold times (about a minute/
aircraft) in the West mode in the 130 to 140 operations/
hour region can be attributed to runway saturation

with Tong departure queues on the outside of the ar-

rival runway. There is no overall delay reduction in
hastening to cross the ajrcraft into a queue. In

addition, creating two departure queues on the in-

side of the arrival runway can facilitate moving air-
craft into the departure queue in an advantageous sequence.

The average time of other "holds" ranges from 60 to 90 seconds.

With the exception of Run #35, the number of holds (including pen-
alty box holds) ranged from 42 to almost 80. Since each hold will
probably require two control instructions, this would represent
80-160 control instructions per hour or almost one per minute per
controller,

While most hourly surface density values (aircraft only) ranged
from 6 to 10,4, Run #39 had a value of 15.4. We attribute this

to the large departure Q for runway 4R in the south, and the delays
associated with moving aircraft into the departure Q in the proper
order,

The total non-penalty box delay time ranged from about 2 percent
to 10 percent of non-delay taxi (movement) time for the east mode
of operation but from 10 percent to 23 percent for the west mode
of operation.
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5.3.3 Local Controllers' Area

Two Local Controllers are on duty during most of the day at O'Hare.
The split is between the North side and South side. This section describes the
controllers operation in a quantitative way beginning with his capacity to handle
traffic (paragraph 5.3.3.1), then correlating that capacity with observed delays
(paragraph 5. 3. 3. 2).

5.3.3.1 Local Control Area Capacity

The local control area capacity is dependent on many external factors.
These factors include weather, visibility conditions, terminal ATC procedures,
runway configurations, traffic demand, demand mix (i.e., arrivals versus depar-
tures), aircraft type mix, aircraft weight mix and aircraft service mix (i.e., IFR
versus VFR). This analysis does not examine all of these factors and those con-
sidered are done so with a limited amount of data. Its purpose is to derive some
understanding of what the Local Controlleris faced with for typical O'Hare condi-
tions and to estimate the potential capacity increase which new local controller
aids might provide. Any generalization to other airports or even to O'Hare oper-
ating in a mode not examined here (e.g., high VFR operations in a low air carrier
demand period) requires careful examination of the impact of each factor. That
examination is not made here. The factors which were in effect for this analysis

are
1. Good braking action,
2. Winds varying from 0 to 15 knots with gusts to 25 knots,

3. Visibility either excellent, permitting visual approaches, or very
poor such that the cab could not see the entire airport,

4, O'Hare, a Group I TCA airport,
5. Aircraft type mix as given in Table 6-1, and

6. Aircraft service mix with IFR representing over 90 percent of
all aircraft.
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Each Local Controller at O'Hare controls a mixed arrival/departure
operation, either a single runway with mixed operations or intersecting runways.
His job is basically (1) to assure a clear arrival runway for the next arrival, and
(2) to clear departures out between arrivals, His ability to do this depends on the
runway configuration, his visibility of the operation and the distributions of vari-
ous parameters over which he has little control. To illustrate the nature of these

parameters consider Figures 5-12 and 5-13.
5.3.3.1.1 Parameter Distributions

Figure 5-12 illustrates an ideal single runway operation, Every 90
seconds an arrival sets down on the runway, rolls out and clears off in 45 seconds.
Every 90 seconds, just following the arrivals setting down, a departure gets on,
waits for the arrival to clear and takes off, becoming airborne in 45 seconds.
Figure 5-13 illustrates an actual single runway operation. The slopes of the ar-
rival time lines are not uniform. The arrival runway on time is dependent on the
aircraft type, exit ramp type and location, touchdown (velocity, rate of descent,
crab angle, roll angle, and position) and roll out deceleration, The slopes of the
departure time lines are not uniform. Departure on time is dependent on aircraft
type and load. The inter-arrival spaces are not uniform. The spaces depend on
the ability of the Approach Controller to deliver perfectly spaced arrivals to the
outer marker and the final approach velocity profile. The non-uniformity of these
parameters and the controller's ability to estimate these parameters

1. Can result in aborted departures (i.e., departure cleared
on and then directed off) as for departure 2,

2. Cause unused inter-arrival spaces (i.e., space too small so a
departure is held) as for inter-arrival space 11-12,

3. Permit double departures as for departures 3 and 4.

The actual operations rate observed is 64 operations/hour versus the
ideal of 80 operations/hour, a substantial reduction due to the distributions of the

parameters,
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Figure 5-14 illustrates the distribution of arrival "on" times for two one-
hour periods. The total distribution is also shown and will be used as a general
arrival on time distribution for the subsequent capacity estimates, It should be

noted that this distribution is for good braking conditions.

Figure 5-15 illustrates the distribution of departure "on" times fortwo
one-hour periods. Again they are very similar and display a smaller variance
than do the arrivals. The on times only involve the roll out time. Delays prior to
initiating takeoff are not included. As with the arrivals, the total distribution will
be used as a general departure on time distribution for subsequent capacity esti-

mates,

Figure 5-16 illustrates the distribution of inter-arrival time as arrival
demand increases. The times are taken over the runway threshold. With a mod-
est number of arrivals (TSC #35N) the distribution is not sharply peaked and only
one space falls in the 70-second bin. At a common approach speed of 160 knots at
the outer marker (Approach Control to Local hand-off) 67 seconds is 3 nautical
miles, the minimum separation standard. At a common touchdown speed of 130
knots, the 70-second bin represents 2. 5 nautical miles separation at the threshold.
As the demand increases the distribution's mean (shown by the solid triangle) shifts
to the left, while the 60-second bin remains empty (i. e. , the 3 nautical mile sepa-
rationis adheredto at the outer marker) until at 37 arrivals the leading edge of the
distribution slips into the 60-second bin (2. 7 nautical miles at the outer marker
and 2, 2 nautical miles at the threshold). At this point the probability of double
runway occupancy begins to increase (see Figure 5-14) as the main body of the
arrival on time distribution begins to overlap the inter-arrival distribution. For
the purposes of capacity estimation the sum of the two runs prior to TSC #3178
(i.e., TSC #20S and CSC #58) will be used to represent a general saturated demand

inter-arrival distribution. The total is shown in Figure 5-17.

The inter-arrival spacings in Figure 5-17 depict a distribution which

peaks at about 95 seconds and is evenly distributed about the peak with a standard
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NUMBERS OF ARRIVALS PER TEN SECOND INTERVAL
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deviation of 10 seconds except for a set of trailing inter-arrivals beginning at 2
minutes. By listening to voice communication tape recordings these trailing
spaces have been determined as primarily heavy spacings. These trailers repre-
sent 17 percent of the spaces which is consistent with the percent of the heavies

operated in general at O'Hare.
5.3.3.1.2 Predicted Capacity (Theoretical)

Given the three distributions and a single runway operating strategy,
an operations rate can be predicted. The single runway operating strategy used

here is as follows:

To clear a departure following an arrival the previous arrival should
be initiating his turnoff (not necessarily clear) and the next arrival should be at

least 40 seconds from threshold (about 2 miles).

For mixed operations on a single runway the runway entrance time
(i.e., the time needed for the aircraft to move from the Local Control Departure
Q to "in-place' on the runway) becomes a significant parameter in developing an
operating strategy. This factor, however, has not been treated in this analysis

since it is not significant in multiple runway operations.

To clear a departure following a departure the previous departure
should be off the runway and the next arrival should be at least 40 seconds from

threshold (about 2 miles).

The rationale for the strategy is that (1) except for predictable circum-
stances (e.g., a heavy on a reverse high speed) the maximum clear time from turn
initiation observed was 15 seconds and the minimum time for a departure to pass
the common turnoffs was 30 seconds, leaving 15 seconds of margin following an
arrival; (2) an arrival 15 seconds out at departure release will catch the depar-
ture so that using 40 seconds leaves 5 seconds pilot delay and 20 seconds of mar-

gin; (3) an arrival 40 seconds out will minimize (not eliminate) double runway
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occupancy; and (4) a previous departure off will permit an immediate turn clearing

the runway for the next departure,

The resulting operations rate may be estimated graphically with Fig-
ure 5-18. The dotted curve represents the probability of a controller being unable
to successfully release a single departure as a function of inter-arrival spacing.
The curve is obtained by taking the arrival on-time distribution, which represents
the minimum time that the departure must wait to be released after the arrival has
touched down, and adding 40 seconds (the minimum time the next arrival must be
from the threshold to permit a release) to obtain the distribution of minimum inter-
arrival spaces required for a departure, and taking the inverse accumulation (i.e.,
integration) of that distribution. Similarly, the dashed line represents the proba-
bility that a controller would be unable to release two departures as a function of
inter-arrival spacing. The curve, in this case, is obtained by taking the convolu-
tion of the arrival on-time distribution with the departure on-time distribution,
which represents minimum time that the second departure must wait to be released
after the arrival has touched down, and adding 40 seconds (again, the minimum
time the next arrival must be from threshold to permit a release) to obtain the dis-
tribution of minimum inter-arrival spaces required for double departures, and tak-

ing the inverse accumulation of that distribution.

The departure rate estimate is obtained by "playing" these strategy
curves against the saturated demand inter-arrival distribution (e.g., 30 percent
of the 20 percent inter-arrival spaces between 80 and 90 seconds will not permit
a departure--70 percent will). The results are 34 arrivals/hour, 27 single depar-

tures/hour and 6 extra departures for a total of 67 operations/hour,

With rationale similar to that used for single runway operations, oper-
ating strategies were developed for dependent intersecting runways. All strate-

' gies used are summarized in Table5-16. The resulting strategy curvesare shown

in Figure 5-19; and the resulting capacity estimates are shown in Table 5-17. As

evidenced by Figure 5-19, all crossing runways are predicted to clear at least one

5-85



98-¢

PERCENT PER TEN SECOND INTERVAL

100

™
[=)
I

[
[=]
4

H
O
!

N
[=]
1

o000
. : LEGEND
. | see oo Arrival + 40 Second Occupancy >
. ——— Intervol
. ! = == Arrival/Deporture + 40 Second
. = Occupancy > Interval
fette ——— e |nter- Arrivols
. : o= «= Withheld Departures
[
. 1
: |
. |
: i
L ]
NO DEPARTURES : SINGLE DEPARTURES 1 DOUBLE DEPARTURES
. i
: l
: l
: ® o0 L—

i......-_.I

-d

1’!
L ' ‘

|
0"' :
Jo-o:

100 1o 120 130 140 150 160 170 180
SECONDS

Figure 5-18. Departure Capacity Estimate for Single Runway Operation
(34 Arrivals/Hour; 27 Single Departures/Hour; and 6
Double Departures for a Total of 67 Operations/Hour)




Table 5-16, Operating Strategies for Capacity Estimation

Configuration | Previous Arrival | Next Arrival |Previous Departure
Single Initiating turn-off | 40 seconds out | Off and turning
(Mixed) from threshold

(2 miles)
Near-Near Clear through 40 seconds out | Off and turning
Crossing intersection from threshold

(2 miles)
Near-Far 15 seconds out 65 seconds out |Off and turning
Crossing from intersection |from threshold

(at threshold) (2-1/2 miles)

Far-Far 10 seconds out 45 geconds out |Off and turning
Crossing from intersection |from threshold

(1000 feet)

(2-1/2 miles)
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PERCENTAGE OF AIRCRAFT PAIRS > TEN SECOND INTERVAL
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Figure 5-19. Strategy Curves for Various Runway Configurations
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Table 5-17., Predicted Capacity of Various Runway Configurations

Total|Equivalent | Total
60/|70/|80/(90/|100/{110/|120/|130/|140/|150/|160/|170/|(60/ | Hourly |Hourly
2 One Hour Periods 70 |80 |90 (100|110 |120 |130 |140 (150 |160 (170 |180 (180) Rates Rate
Interarrivals 34
(Refer to Fig. 5-17) 1 6 (13 |18 |12 4