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EXECUTIVE SUMMARY

Background,

Requested by the Southwest Regional Office (SWRO), the study de-
scribed in this report was conducted at the FAA Technical Center to
determine the impact an airspace boundary realignment would have at
the ALBUQUERQUE, FORT WORTH, HOUSTON and KANSAS CITY Air Route
Traffic Control Centers (ARTCCs). In order to improve operations in
that part of the country following the controllers' strike, the SWRO
expects to establish new center boundaries by shifting sector air-
space among the four ARTCCs. Before executing such plans however,
the SWRO Automation Staff issued a memorandum (see Appendix A)
stating the need tc predict how these changes might affect the
already highly utilized computers that process flight plans, radar
tracks, and related information at each ARTCC. To this end, the
following study provides estimates of the resultant traffic loads
and the corresponding computer capacity essential to sustain these

new loads once the proposed boundaries are in effect.

Methodology.
Based on sector workload data simultaneously recorded at the four
ARTCCs during a busy time just preceding the 1982 Fourth of July

Holiday, the analysis relied on observed radar track count (repre-



IOCE Offloading processing enhancement available in reserve since it

is already functioning with it,

Because precautions were taken during the analysis, all stated
projections remain unbiased by the current traffic reduction result-
ing from the controllers' strike. Consequently, these projections
represent future values in effect when the National Airspace System
returns to normal traffic handling after the strike. That event is
not too far ahead. In fact, as noted during a recent speech *, in
May 82, the FAA was already handling up to 83 percent of the pre-
strike load, a value close to the 87 percent calculated in this
study based on July 82 data. By May 83, the FAA.expects to handle
100 percent of the pre-strike traffic using however flow control to
smooth traffic peaks. But by July 84, the federal agency plans to
manage full pre-strike loads with all supervisor and controller

staff returned to their regular duties.,

Aside from airspace impact, ground and terminal facilities to be
shifted along with the sector airspace above them will cost about 5

to 10 percent beyond the utilization values stated above.

In summary, the proposed realignment will create a significant
computer utilization of ALBUQUERQUE's slow 90204 equipment while

moderately affecting FORT WORTH's faster 9020D.

¥ Remarks delivered by : J. Lynn Helms, Administrator, Federal
Aviation Administration.
Society of Automotive Engineers, Commuter Aircraft and Airline
Operations Meeting, Savannah, Georgia, May 25, 1982.
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INTRODUCTION

Background

According to the National Airspace System Plan (see Reference 1),
one of the FAA objectives to be accomplished in this decade calls
for the consolidation of the twenty Air Route Traffic Control Cen-
ters (ARTCCs) that monitor enroute air traffic across the United
States, Figure 1 depicts the present coveragé boundaries between
these facilities. Accomplished by reducing the number of control
sectors and realigning boundaries between ARTCCs, the consolidation
will create a more efficient use of airspace in the years ahead,
Within a more immediate time frame, airspace changes are contem-
plated in order to streamline traffic handling following the 1981
controller strike. Furthermore, because the enroute computers at
some ARTCCs are quickly approaching their maximum utilization,
airspace changes could make it possible for those sites with suf-
ficient computer capacity to accommodate sector traffic from adja-
cent facilities whose computers can no longer handle additional

loads.,

Purpose of the Study

At a more local level, the Southwest Regional Office (SWRO) is
planning a sector realignment for the ALBUQUERQUE, KANSAS CITY, FORT

WORTH, and HOUSTON ARTCCs in order to improve operations in that
-1~



centers have 9020D equipment and the remaining ten sites have the
slower 9020A computer. As Figure 1 indicates, ALBUQUERQUE and

HOUSTON have a 9020A, while FORT WORTH and KANSAS CITY have a 9020D.

-3
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FORT WORTH CENTER BOUNDARIES
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HOUSTON CENTER BOUNDARIES
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SITE MEASUREMENTS AND ANALYSIS

Site Measurements

Because airspace 1s to be reapportioned between sites on a sector
basis, load estimates were derived for each individual sector rela-
tive to all active control positions at the four ARTCCs. To obtain
these estimates, sector data based on System Analysis Recordings
(SAR) was collected at the four facilities simultaneously during a
busy time on a specified day selected by uniform agreement among
sites and the SWRO. Chosen to be 19:00 to 20:00 (GMT) on Thursday
July 1, 1982, that time reflects an intense traffic load preceding
the Fourth of July Holiday period. By expressing this load in terms
of flight plans and radar tracks, Tables B-1 through B-4 (see Appen-
dix B) show traffic activity differences between the four sites at
various times during the measurement. Furthermore, the last two
colums in each table indicate load differences between the present
and a previous measurement taken before the controllers' strike,
According to Appendix B, ALBUQUERQUE's, FORT WORTH's, and HOUSTON's
post-strike track load represents 84, 81, and 95 percent, respec-
tively, of what it used to be before the strike. The three sites
average 87 percent altogether., In contrast, KANSAS CITY's load is
now higher than before because, during the interim, it acquired
airspace that previously belonged to CHICAGO and INDIANAPOLIS Cen-
ters, thus increasing its traffic load accordingly. Although obser-
ved at the same time-of-day, these pre- and post-strike differences
are only approximations because they do not correspond to the same

calendar day.
= [ T



b, the corresponding number of computer output messages, and

c. the number of aircraft handled by each sector,

It 1is assumed that these three items closely reflect the intensity
of traffic handling at each position mainly because they indicate
(1) the rate of controller input actions requesting computer proc-
essing of flight plans, radar tracks and related air traffic inform-
ation; (2) automatically displayed computer responses; and (3)
sector traffic count, respectively. (a), (b}, and (c) werc
therefore extracted using the reduction tool and, for each sector,
expressed as a percentage value relative to the center's total

traffic handling activity.

~15-



SECTOR LOADING RESULTS

Tables 1 through 4 summarize the sector loading results for KANSAS
CITY, FORT WORTH, HOUSTON and ALBUQUERQUE, respectively. Sectors
are indicated by their I.D., numbers in the first column in each
table. Colums B, D, and F contain percentages expressing the
values in columns A, C, and E as ratios of the total load for all
sectors., Column "G", representing the average of "B", "D", and "F",
summarizes each sector's load. Because some sectors were combined
with each other during the measurement, their I.D, numbers are shown
in the tables on the same line with a "/" symbol separating them.
One large group of sectors, shown with multiple "/" at the end of
each table, are not combined but instead represent several conven-
ience positions used for military interface, flow control informa-
tion exchange, training, flight strip printing, etc. Although they
do not actively handle traffic, the individuals acting at these
miscellaneous positions request message processing and thereby
impact computer utilization. Their actions were therefore accounted
in the analysis, in the tables, each "subtotal" line corresponds to
the sector group (appearing above it) which is to be transferred to
the adjacent ARTCC, as stated in the SWRO Memorandum. Since ALBU-
QUERQUE is not expected to lose but instead receive airspace, 1its
subtotal applies to sectors that are bordering the donating centers
and indicates what portion of ALBUQUERQUE's present sector load will
be immediately affected by additional loads once the realignment is

in effect.

Summarizing the preceding tables, Table 5 shows in column "A" the

observed traffic load, in column "B" the percentage factor imposed
~-16-



- TABLE 1 -

- PAGE 1 0F 3 -

AIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SOUTHWEST REGION

B1TE: 1 KANSAS CITY |

MEASUREMENT DATE: JULY 18T, 1982
MEASUREMENT TIME : 19:00 TO 20:00 (GMT)
(14:00 TO 15:00 (LOCAL TIME))

-A- -B- -C- ~D- -B- -F- - G-
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TCTAL NUMBER AVERAGE OF
1.D. AIRCRAFT HANDLED AS A INPUT MESSAGES AS A QUFUT MESSAGES AS A COLUMNS
I NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF ngn,  upn
= MEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND “Fn
@ SECTORS MEASUREMENT SECTORS KEASUREMENT SECTORS
| o S e S S R S S e e S e e o A e o S e i e
04/67/68 45 4,43 5.17 3240 4.8Y 4.81
22/91 b 3.35 134 3.16 2470 3.69 3.40
06 31 3.05 8 2.78 1769 2.64 2.82
SUBTOTAL 110 10.83 Ut 1.1 7479 11.17 11,04
02 £2 6.10 218 5.14 3658 5.46 5.57
12 34 3.3 113 2.67 2129 3.18 3.07
1 52 5.12 239 5.64 1670 5.48 5.U1
16 ys y.43 171 4.03 2119 3.16 3.87
18/86 uh 4.53 171 4.03 3213 4,80 b ys
20 Hy h.82 2T 6.39 3347 5.00 5.40
2h 35 3.Uu4 130 3.07 1929 2.88 3.13
at 35 3.4y Ho 1.89 1621 2.42 2.58
28 I 4. 0N 163 3. 81 271 4.9h 4.0
in I u.»3 211 I, §8 2545 3.80 u, 34
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-TABLE 1 -

-CONCLUDETD-

- P A GE 3 0F 3 -~

ATIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SOUTHWEST REGION

SITE: I KANSAS CITY !

MEASUREMENT DATE: JULY 1ST, 1982
MEASUREMENT TIME : 19:00 TO 20:00 (GMT)
(14:00 TO 15:00 (LOCAL TIME))

“h- =B = =D ~B- -F- = -
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TOTAL NUMBER AVERAGE OF
1.D. AIRCRAFT HANDLED  AS A INPUT MESSAGES 84S A OUPUT MESSAGES AS COLUMNS
NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF  "B®, n"pv
MEASUREMENT  ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND ©“F
SECTORS MEASUREMENT SECTORS MEASUREMENT SECTORS
66 34 3.35 91 .15 1782 2.66 2.72
72 19 1.87 51 1.20 396 1.49 1.52
T4 39 3.84 103 2.43 2580 3.85 3.37
FC/01/15/25
35/45/55/64 - i 24y 5.75 2459 3.67 4,71

65/617/93/95

TOTAL 1016 100.02 L2u0 100.02 67003 100.04 oo



- TABLE 2 -

- P AGE 2 0F 3 -

-CONTINUETD-

AIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SCUTHWEST REGION

SITE: { FORT WORTH !

MEASUREMENT DATE: JULY 1ST, 1982
MEASUREMENT TIME : 19:00 TO 20:00 (GMT)
(14:00 TO 15:00 (LOCAL TIME))

-A- -B- -C- -D- -E- -F- - G-

SECTOR NUMBER OF DIFF, TOTAL NUMBER OF TOTAL NUMBER AVERAGE OF
I.D. AIRCRAFT HANDLED AS A INPUT MESSAGES AS A OUPUT MESSAGES AS A COLUMNS
NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF wpw,  mpw
MEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND "ME™

SECTORS MEASUREMENT SECTORS MEASUREMENT SECTORS

29730 40 3.22 96 1.83 1645 1.77 2.27
32 34U 2.74 128 2.45 1573 1.70 2.30
34 33 2.66 175 3.34 1816 1.96 2.65
35/36 53 b.27 194 3.71 3107 3.35 3.78
37/39 53 4,27 175 3.34 3280 3.54 3.72
38 uy 3.54 187 3.57 3640 3.93 3.68
46 33 2.66 107 2.04 2169 2.34 2.35
yp/u8 y7 3.78 178 3.40 2905 3.13 344
49 31 2.50 148 2.83 1731 1.87 2.40
50 50 4.03 250 .78 nu27 b.77 4.53
53 35 2.82 138 2.64 2353 2.54 2.67
63 31 2.50 g7 1.85 1727 1.86 2.07



~ T ABLE 3 -

- PAGE 1T 0OF 3 -

ATR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SOQUTHWEST REGION

MEASUREMENT DATE: JULY 1ST, 1982
MEASUREMENT TIME : 19:00 TO 20:00 (GMT)
(14:;00 TO 15:00 (LOCAL TIME))

-A- ~-B- == -D- -E- -F- =G
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TOTAL NUMBER AVERAGE OF
| AIRCRAFT HANDLED AS A INPUT MESSAGES AS A OUPUT MESSAGES AS A COLUMNS
NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF nwgn, wp

HMEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND "FE"

SECTORS MEASUREMENT SECTORS MEASUREMENT SECTORS

97/98 42 3.89 116 3.26 1842 2.86 3.34
74775 ys b, 17 144 4,05 3169 4.93 4,38
19 uo 3.71 134 3.77 2986 4,64 4. oy
B 32 2.97 133 3.74 1911 2.97 3.23

38 26 2.41 95 2.67 1543 2.U0 2.49
86 38 3.52 159 u.25 2516 3.91 3.89
I/ HE 37 3.43 139 3.9 2976 4.63 3.99
k> un 3.71 140 3.94 2585 k.02 3.89
4 30 2.78 83 2.34 1408 2.19 2.ul
G/36 37 3.43 13¢ 3.83 2932 4.56 3.94

42 23 2.13 £, 1.94 1673 2.60 2.22
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- TABLE 3 =

-CONCLUDETD -

- PAGE 3 OF 3 -

AIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR TRE SOUTHWEST REGION

SITE: | HOUSTON 1

et . f

MEASUREMENT DATE: JULY 1ST, 1982

MEASUREMENT TIME : 19:00 TO 20:00 (CMT)
(14:00 TO 15:00 (LOCAL TIME))
~A- -B- ~C- -D- -E- -F- -G-
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TOTAL NUMBER AVERAGE OF
1.D. AIRCRAFT HANDLED AS A INPUT MESSAGES AS A OUPUT MESSAGES AS A COLUMNS
NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF ngr, nwpn
MEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND “F"
SECTORS MEASUREMENT SECTORS MEASUREMENT SECTORS
68 48 y.us 198 5.57 3214 5.00 5.01
70 us 417 168 4.73 y140 6.u4 5. 11
72/179 17 1.58 80 2.25 679 1.06 1.63
9 32 2.97 100 2.81 2247 3.49 3.09
43/9% 30 2.78 133 3.74 1746 2.71 3.08
FC/15/55/
61/77/80/ i —— 16 0.u5 130 0.20 0.33
87/89/91

TOTAL 101y 100.01 3553 99.98 60331 100.00 - -----



- TABLE 4 -

~-CONTINUETPD -
- PAGE 2 0F 1§ -

AIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SOUTHWEST REGION

SITE: i ALBUQUERQUE !

MEASUREMENT DATE: JULY ST, 1982
MEASUREMENT TIME : 19:00 TO 20:00 (GMT)
(13:00 TO 14:00 (LOCAL TIME))

A~ -B- G D= -E- -F- ~ G
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TOTAL NUMBER AVERACGE OF
1.D. AIRCRAFT HANDLED AS A INPUT MESSAGES AS A OUPUT MESSAGES AS A COLUMNS
NUMBER DURINCGC PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF wpyw, uwpe

MEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVYE AND “E"

SEGCTORS MEASUREMENT SECTORS MEASUREMENT SECTORS

16 24 2.64 121 3.72 2032 4,23 3.53
17 19 2.09 72 2.12 1047 2.18 2.13
19 21 2.31 80 2.6 1042 2.17 2.31
37 10 1.10 34 1.04 954 1.99 1.38
39 Sh 5.94 109 3.35 1272 2.65 3.98
up 23 2.53 6U 1.97 1574 3.28 2.59
42 30 3.30 105 3.2 2087 b.35 3.62
41703 30 3.74 106 3.26 1583 3.30 3.43
ue 22 2.42 95 2.9; 1670 3.u8 2.94
46 24 2,60 96 2.95 1648 3.03 2.0



- TABLE b -

-CCNCLUDEPD -

- PAGE 4 0OF 4 -

AIR ROUTE TRAFFIC CONTROL CENTER

BOUNDARY REALLIGNMENT STUDY FOR THE SOUTHWEST REGION

SITE: ¢ ALBUQUERQUE |

-~ - t

MEASUREMENT DATE: JULY 1ST, 1982
MEASUREMENT TIKE : 19:00 TO 20:00 {CMT)
(13:00 TO 14:00 (LOCAL TIME))

~A- ~B- =i = D= -E- -F- -G
SECTOR NUMBER OF DIFF. TOTAL NUMBER OF TOTAL NUMBER AVERAGE OF
1:0. AIRCRAFT HANDLED AS A INPUT MESSAGES AS A OUPUT MESSAGES AS A COLUMNS
NUMBER DURING PERCENT OF PER HOUR PERCENT OF PER HOUR PERCENT OF npge, mpn
MEASUREMENT ALL ACTIVE DURING ALL ACTIVE DURING ALL ACTIVE AND M“F"
SECTORS MEASUREMENT SECTORS MEASUREMENT SECTORS
30 31 3.41 124 3.81 1598 3.33 3.52
g1 41 .51 151 b, 6y 2801 5.8Y4 5.00
g2 35 3.85 112 3.0y 22u2 4.67 3.99
93 36 3.96 132 4.06 1919 u.00 4.0
94 46 5.06 206 6.33 2104 y,.38 5.26
95 35 3.85 109 3.135 1580 3.29 3.50
FCLA Vv VM t6/
20/38/55/F4/ s SR 43 1.32 798 1.66 1.49
65/66/€5/78/7
887958

TOTAL 909 49,94 3294 §9.91 7999 100.01  —eme—e-



~TABLE 5 -
AIR ROUTE TRAFFIC CONTRCL CENTER
BOUNDARY REALLIGNMENT STUDY FOR THE SOUTWEST REGION
LOAD SUMMARY FOR SPECIFIED SECTORS

MEASUREMENT TIME
MEASUREMENT DATE

1900-2000 (GMT)
JULY 1, 1982

=A= -B- -C~
ESTIMATE OF
SITE SECTOR THAT SECTOR TRAFFIC LOAD TRAFFIC LOAD FACTOR FINAL COMPUTED
NAME 1.D. IN PERCENT OF TOTAL IMPOSED BY THE SOUTH- SECTOR TRAFFIC LOAD
NUMBER LOAD FOR CENTER WEST REGIONAL OFFICE IN PERCENT OF
FOR THAT SECTOR TOTAL CENTER LOAD
(COLUMN " G" FROM ( SEE MEMORANDUM 1IN (COLS. "A" TIMES "B")
TABLES 1, 2, AND 3) APPENDIX A )
KANSAS 0u/67/68 4,78 100% 4,78
KANSAS 22/91 3.38 100% 3.38
KANSAS 06 2.80 25% 0.70

FORT WORTH 64 3.15 100% 3.15
FORT WORTH 43/93 2.18 100% 2.18
FORT WORTH 40 1.481 100% 1.4
FORT WORTH 82 1.86 100% 1.86

CASE 1 FOR HOUSTON

HOUSTON 97/98 3.34 25% 0.84
HOUSTON T4/75 4.38 (100%+60%)/2 3.50
HOUSTON 49 4.0k 75% 3.03
HOUSTON 28 3.23 100% 3.23
HOUSTON 38 2.49 100% 2.49
HOUSTON 86 3.89 100% 3.89.
HOUSTON 4o/su6 3.99 100% 3.99
HOUSTON 2 3.89 50% 1.95
HOUSTON b7 2.U4 50% 1.22
HOUSTON 50/96 3.94 100% 3.94
HOUSTON 32 2.22 100% 2.22

CASE 2 FOR HOUSTON

BOUSTON 97/98 3.34 50% 1.67
HOUSTON Tu/75 4,38 (100%+60%) /2 3.50
HOUSTON 49 4.0l 80% 3.23
HOUSTON 28 3.23 100% 3.23
HOUSTON 38 2.49 100% 2.49
HOUSTON 86 3.89 100% 3.89
HOLSTON 40/ 46 3.99 100% 3.99
HOUSTON u2 3.89 B5% 3.3
HOUSTON 7 2.0 100% 2.uy
O TON 50/96 3.00 100% 3.0
HOUSTON 8. 2.27 100¢ 2.2?



PROJECTED TRAFFIC LOADS

As part of a recent study of all ARTCCs, substantial air traffic
data has been collected to characterize processing loads on the
Centers' computers (see References 2 through 6)., The data consists
of flight plan and radar track counts recorded minute by minute for
several days during live air traffic operations. In addition to
traffic data, computer utilization was also recorded during that
same time., Collected in the 1980-81 period preceding the con-
trollers' strike, the track count data, representing traffic load
information, is particularly useful in predicting future loads
because it is not bjased by the strike's current traffic reduction
described in Appendix B. Consequently, the 1980-81 track count was
increased or decreased by the relative percent load derived for each
site in the preceding section (see the four lines 1labeled "GROUP
TOTAL" in Table 5). That is, the final computed relative percent
load corresponding to the transferable group of sectors was equated
to a relative percent track load to reflect each Center's traffic
loss to the adjacent facility. The "GROUP TOTAL" for HOUSTON's case
number 2 is almost identical to case number 1 and 1is therefore
dropped from further analysis., In the 1980-81 study, track count
was assumed to be a consistent overall load indicator. This assump-
tion holds true in this study as well. Figures 10 through 16 il-
lustrate how the track load rises and decays as a function of time-
of-day (the latter being expressed in minutes from midnight, local
time) with and without the airspace changes. The KANSAS CITY-

CHICAGO-INDIANAPOLIS airspace change (when KANSAS CITY acquired more
-32-
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FIGUBE 12 - ALBUQUERQUE THACK LOUAD WITH KANSAS CITY AND FORT WORTH SECTURS
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PROJECTED COMPUTER UTILIZATION

During the 1980-81 study, statistical equations based on the data
for each site were derived in order to express computer wutilization
as a function of traffic loads. One set of equations (see pages 3-6
and 2-9 in References 2 and 3, respectively) relate central proc-
essing utilization, a key measure of computer usage, to track count.
Consequently, these equations were also used in the present study in
an effort to project computer use once the airspace changes take
effect. Furthermore, the original equations were updated to include
a utilization reduction created by two major enhancements inserted
in the enroute software since 1980-81, namely, "IOCE Offloading" and
"Direct Route Processing Improvement". The 1980-81 original equa-

tions are stated below:

ALBUQUERQUE : % central processing utilization = 10,17 + 0.338 tracks
FORT WORTH : " = 4,610 + 0.145 tracks
HOUSTON : " = 7.502 + 0,415 tracks
KANSAS CITY : L = 5.229 + 0.134 tracks

While the updated equations used in this study are :

ALBUQUERQUE : % central processing utilization = 3,147 + 0,267 tracks

FORT WORTH : n = 4,092 + 0,139 tracks
HOUSTON s n = 5.795 + 0.332 tracks
KANSAS CITY : " = 4,641 + 0,128 tracks

The above -equations pertain to computer utilization estimated at

minimum recording levels, namely, SARC=1, TARS=OFF, REMON=0OFF, with
-4]1-
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RESIDUAL COMPUTER IMPACT DUE TO

ASSOCIATED GROUND AND TERMINAL FACILITIES

As a result of boundary realignment, ground and terminal facilities
situated immediately below the sectors to be shifted will now fall
under the jurisdiction of the ARTCC receiving the enroute airspace,
Consequently, the accepting ARTCC's computer will have to process
air traffic data for these additional facilities. Such data is
exchanged between facilities and ARTCC via messages issued and
received at flight service station and airline office tel-
etypewriters (TTYs), tower flight data entry and printout devices
(FDEPs), as well as Automated Radar Tracking System (ARTS) computers
located at airports. Because message input and output rates direc-
tly affect computer utilization, the TTY, FDEP, and ARTS message
rates were considered as indicators of computer impact during a
ground facilities analysis also conducted in this study.  Summa-
rizing the results of this analysis, Table 6 indicates that the TTY
and FDEP message rates are relatively low (see percentage values in
parentheses in the table) when compared to the rates for all
sources, Of the three device types, only the ARTS rates appear
significant. Furthermore, in the FORT WORTH case, only one out of
six ARTS (Lubbock), three out of about two dozens FDEPs (Lubbock,
Reese and Midland), and five out of nearly three dozens TTYs are to
be processed by ALBUQUERQUE's computer. At HOUSTON, messages for
only one out of six ARTS (Austin), two out of about two dozens
FDEPs, and three out of approximately three dozens TTYs will become
part of FORT WORTH's processing tasks. Unlike FORT WORTH and HOUS-
TON, KANSAS CITY will 1lose no ARTS in the realignment process.

-50~



MEASUREMENT DATE

JULY 1, 1982
MEASUREMENT TIME

1900-2000 (QMT)

non

MESSACE INPUT/OUTPUT RATES FOR
GROUND AND TERMINAL FACILITIES

! TTY RATE ! FDEP RATE 1 ARTS RATE ! ALL SCURCES RATE !

! (MESSAGES/HR) ! (MESSAGES/HR) 1 (MESSAGES/HR) ! (MESSAGES/HR) t
SITE 1 INPOTS 1 outeuts 1 TIputs 1 Tourears +Tmputs 4T ourents T imsdrs 1T oureots
;;a";‘;a:‘z;;;;‘i"aa'zat;;si““5;‘25’:.;3‘i“gza‘zatagsi""zga;“z;;tasi'";;;a“z:tg;r:‘";aaa‘z;as;;’i"’a;ggg‘aaa;;"i
ABQ : 172 (2.7%) ; 97 (0.21): N4 (0.6%) ; 499 (o.ewi 1573 (214.6%): 1498 (2.5%) : 6389 (100%) : 59Uu8 (100%) :
HOU 1 255 (3.5%) i 172 (0.2%): 108 (1.5%) : 737 (0.9%): 1993 (27.u;)i 2125 (2.8%) : 7269 (100%) : 75382 (100%) '
FTW i 227 (2.3%) : 123 (0.1%): 96 (0.9%) 5 640 (0.5%): 2363 (23.5%): 2481 (2.0%) : 10076 (100%) : 121068 (100%) :
NOTE

VALUES IN PARENTHESES ARE PERCENT OF THE "ALL SOURCES" COLUMNS
FOR THAT SITE (SEE LAST TWO COLUMNS)

FDEP . FLIGHT DATA ENTRY PRINTOUT DEVICE
TTY . TELETYPEWRITER
ARTS : AUTOMATED RADAR TRACKING SYSTEM

ABBREVIATIONS

ABQ ALBUQUERQUE
FTW FORT WORTH
HOU HOUSTON

MKC KANSAS CITY
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Subjecl:

From.

To

e

Memorandum

US.Department
of Transportation

Federal Aviation
Administration

CPU Projections

¢ JUN 10 1982

oy DFer——r
Roy J. owhing Reply 10
Chief # Automation Staff,”ASW-550 . Aitn of  ASW-554

ARD-140
Attn:

You pre
Centers
numbers
the fol

l.

ARD-142 (Jacques Press)

viously indicated that CPU projections for Southwest Region
could be based on anticipated airspace changes if the sector
were known. It would be appreciated if you could simulate
Towing situations: '

Albuquerque Center with present airspace plus the following
Kansas City Center Sectors:

04 A11 Traffic
68 1 1
o, 1" "
06 25% Traffic

Albuquerque Center with the sectors in above
plus the following Fort Worth Center Sectors:

64 A1l Traffic
43 o "
40 1] "
93 1 1]
82 1 "

Fort Worth Center with current sectors plus the following
Houston Center Sectors:

97 25% Traffic 40 A1l Traffic
74 A1l Traffic 46 A1l Traffic
75 60% Traffic 42  50% Traffic
49 75% Traffic 47  50% Traffic
28 ATl Traffic 50 Al11 Traffic
38 " ! 96 A1l Traffic
86 ! ! 98  25% Traffic

82 A1l Traffic
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TRAFFIC LOADS OBSERVED DURING
THE MEASUREMENT
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T A B L E B -

TRAFFIC LOAD
DURING THE MEASUREMENT PERIOD 1G9:00 T3 20:00 GMT

SITE: ALBUQUERQUE

DATE: JULY 1, 1982
SELECTED PROPOSED ACTIVE PRE-STRIKE
TIMES FLIGHT PLANS FLIGHT PLANS TRACKS TRACKS

{GMT)

(HOURS :MINUTES} (SEE BOTTOM NOTE)
19:04 210 221 148 177
19:09 216 215 142 187
19:14 214 214 142 180
19:19 216 215 145 169
19:24 212 207 143 164
19:29 216 226 141 163
19:35 224 233 146 161
19:40 228 228 143 165
19:45 235 216 129 153
19:50 236 217 130 151
19:56 245 219 125 158
AVERAGE 223 219 139 166

NOTE: PRE~-STRIKE TRACKS CORRESPOND TO OBSERVATIONS MADE
AT THAT SAME TIME DURING A PREVIOUS MEASUREMENT
TAKEN BETWEEN 6/17 AND 6/20 1980.
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T & B L E B - 2 ( CONCLUDED)
- PAGE 2 0F 2 -

TRAFFIC LOAD
DURING THE MEASUREMENT PERIOD 19:00 TO 20:00 GMT

SITE: FORT WORTH (CONTINUED)

DATE: JULY 1, 1982
SELECTED PROPOSED ACTIVE PRE-STRIKE
{IHE? FLIGHT PLANS FLIGHT PLANS TRACKS TRACKS
GMT
(HOURS:MINUTES) (SEE BOTTOM NOTE)
19: 3 42y 329 231 271
19:32 420 335 231 276
19:34 420 331 229 281
16:36 421 332 229 283
19:37 420 330 227 282
19:39 419 330 220 285
19:40 413 328 217 287
19: 4y 410 334 222 285
19:46 125 334 218 278
19:49 420 331 211 271
19:54 416 324 204 255
13:56 U1g 327 201 259
19:57 u13 322 192 260
19:58 414 324 196 261
AVERACE 412 324 214 265

NOTE: PRE-STRIKE TRACKS CORRESPOND TO OBSERVATIONS MADE
AT THAT SAME TIME DURING A PREVIOUS MEASUREMENT
TAKEN BETWEEN 12/1 AND 12/4 1980.



T & B L E B -4

TRAFFIC LOAD
DURING THE MEASUREMENT PERIOD 1G:00 TO 20:00 OMT

SITE: KANSAS CITY
DATE: JULY 1, 1982

SELECTED PROPOSED ACTIVE PRE-STRIKE
TIMES FLICHT PLANS FLIGHT PLANS TRACKS TRACKS
(GMT)

(HOURS :MINUTES) (SEE BOTTOM NOTE)

19:04 278 270 203 1hs
19: 14 270 259 202 149

19:19 288 247 195 155
19: 24 279 237 190 167
19:29 294 253 193 172
19: 34 297 251 198 166

19:39 294 250 194 170
1§:44 286 2640 196 160
19:49 280 262 199 158
19:54 273 265 197 16
19:59 262 265 200 166

AVERAGE 282 256 197 161

NOTE: PRE-STRIKE TRACKS CORRESPOND TO UBSERVATIONS MADE
AT THAT SAME TIME DURING A PREVIOUS MEASUREMENT
TAKEN BETWEEN 7/4 AND 7/7 1980.
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- A P P E N D I X c -
DISTRIBUTTION 0OF FLIGHT PLANS
MEASUREMENT DATE = JULY 1, 1982
MEASUREMENT TIME = 1900-2000 ( GMT)
DEPARTURES DEPARTURES DEPARTURES ARRIVALS OVERFLIGHTS UNCLASSIFIABLE
SITE SAMPLE OUTBOUND WITHIN AIRFILE !
SIZE PERCENT PERCENT PERCENT PERCENT PERCENT PERCENT !
COUNT OF COUNT oF COUNT Of COUNT OF COUNT OF COUNT OF t
TOTAL TOTAL TOTAL TOTAL TOTAL TOTAL !
ABQ 298 4 13.75 132 uy, 29 20 6.71 56 18.79 46 15.43 3 1.00 !
FTW uz3 90 21.27 98 23.16 31 7.32 131 30.96 57 13.47 16 3.78 !
HOU 3”8 L3 ] ] * L ] * 3 » ® ] * 3 1
MKC | 274 66 | 24.08 y2 15,32 16 5.83 81 29.56 62 22.62 7 2.55
esT=Zx=2=2=2==228S - A0S0 =::::::E:::::::::::::::::::::::::-:::::::‘-:::::::::::::::::::::::::::':::::::::::::::::::
SITE ABBREVIATIONS USED ABOVE:
ABQ ALBUQUERQUE
FTW FORT WORTH
HOU HOUSTON
MKC KANSAS CITY
¥ BECAUSFE 0F HIGH COMPUTER UTILIZATION HOUSTON

CENTER UDURS NOT NORMALLY

RECORD

SAR DATA FOR THIS

TARLE
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AIR TRAFFIC FLOW
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-APPENDIX D -

TABLE OF AIR TRAFFIC FLOW BETWEEN ARTCCS

e p——

MEASUREMENT DATE : JULY t, 1982
MEASUREMENT TIMES: 1900-2000 (GMT)

- A - - B - - C -

! ! NUMBER OF ACTUAL ! COLUMN ™A™ A4S A ! BREAKDOWN OF FLIGHTS FROM COLUMN mA" i
! SITE ! FLIGHTS ACCEPTED ! PERCENT OF TOTAL g g S SO
! NAME ! OR HANDED OFF TO ! ACTUAL FLIGHTS ! ! ! ! !
! ! THE OTHER THREE ! HANDLED BY THIS SITE ! ALBUQUERQUE ! FORT WORTH ! HOUSTON ! KANSAS CITY !
! ! CENTERS INVOLVED 1! ( EXCLUDING DYSIM ! ! ! 1 !
! { IN THIS STUDY ! FLIGHTS® ) ! ! ! . ! !
N T T T T T T T T T T T
! ABQ ! 25 ! 9.8 % ! — ! 15 ! 3 ! 7 |
1 1 1 ! ! ! ! !
! ! 1 ! r ! 1 !
! FTW ! 76 | 22.2 % ! 15 1 —— ! 35 | 26 1
{ ! ! 1 | t § !
1 HOU ! 38 ! 11.8 % ! 3 | 35 ! - ! o] !
! | 1 ! I ! 1
1 MKC ! 33 1 13.8 % ! 7 ! 26 ! 0 ! - !

¥ DYSIM FLIGHTS ARE ARTIFICIAL FLIGHT PLANS USED
FOR AIR TRAFFIC CONTROL TRAINING PURPOSES,

ABBREVIATIONS:

ABQ - ALBUQUERQUE
FTW - FORT WORTH

HOU - HOUSTON

MKC -~ KANSAS CITY






