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DYNAMIC-STMULATION TESTS CF SEV.RAL
TRAFFIC CCOHTROL SYbTWMS FOR THE
FORT WORTH-DALLAS TiBMINAL wREA

SUMLARY

This report describes the evaluation of severel proposed
methoda for improving the flow of air traffic in the Fort ‘Jorth-
Dallap terminal area. The investigation was conducted at the Tech-
nxcal Development and Evaluation Ccnter through the use of the
dynamic air traffic corntrol simlator.

Tests simulated the operation of the Fort lWerth and Dallas
Air Route Traff.ic Conirol sectors simultaneously tnth the operation
of approach control for the five major airports in the area, Com-
parative tests comprising 2800 aircraft operations wero made, with
and without radar, at traffic loads up to 55 per cent highcr than the
proscntly encountered traffic peaks. These tests pointed out scveral
mothods of simplifying thc control of the most difficult local traffic
problem; namely, thc operation of shuttle flights betweon Carter and
Love Fields. Other tests showed that the flow of termanal arca and
en route traffic could be improved considerably by the rclocation of
certain radio aids to establish additional independent flight routes
and naw jet approach procedures.

Recommendations anclude a step-~by-step plan for the imple-
mentation of various changes to take carc of future increases in traffic
demand,

INTRODUCTION

The new airport known as Amon Cartcr Field was originally
planned as a jJoint Fort Worth-Dallas terminal airport, and was
locatod slightly oast of the midpoint between the two citles., As
originally conceivod, the idea of a single airline tarminal serving
both citics was intended to simplify tho local air traffic problam
by eliminating tho nccessity for separate stops at cach city. However,
active support of the joint airport idea was withdrawn by Dallas
wntercsts before the now alrport was completed.

Wnen fmon Carter Fiold was commissioned ain the spring of
1953, scheduled Fort lWorth air carricr operations wore transforred
from Mecacham Ficld to thc now airport. Howover, because of legal
and political reasons sustained by Dallae ¢lvie pride, =ir carricrs
wore sti1ll requircd to furnish scrvace to Love Field. Thus the local
traffic problem was not simplificed after all. Instcad, the now
situation mado the problum cven more camplax, because aar carriers
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had t0 scrve two major tcrminals which were only 12 miles apart, ine
stecad of 30 miles as beforees The resulting congostion greatly ine
creased traffic delays during IFR (Instrument Flight Rules) conditions.
Shuttle operations became a major problem, During IFR conditions,
shuttles someotimes took as long 2s an hour and & quarter to mako the
12-mlo trip, being forced up to altitudes as high as 7000 foet during
the process.

Besides Amon Carter and Love Field, the local tcrminal area
includes threc other major airports: Henslcy Field (Navy), Cerswell
F10ld (sir Forces), and Mcacham Ficld (Mumicipal). IFR traffic
oporations arc handled oy three approach control towersi: Love, Amon
Carter, and Meacham, Thesc agoncics control all IFR altitude levels
up to 5,000 feet MSL inclusive. xltitudos of 6,000 foot and above arc
controlled by tho Fort Worth Jir Routec Traffic Control Center. With
this arrangemont, coordination betwoeen the various air traffic control
agencles becomes a major bottleneck to IFR traffic flow, For oxample,
westbound flights from Love Field or eastbound flights from Moacham
may require coordination betwecn all four agencies beforo takcoff,

In the fall of 1953, the Office of Fedcral Alrways requested
the Technical Development and Evaluation Center to conduct a study of
the Fort Worth-Dallas traffic probleme Two TDEC air traffic control
speclalists spont several days at Fort ‘Jorth and Dallas, conferring
with rcgional airways operations personncl and gathering first-hand
data on the problems, Subsoquantly, onc air traffic control speclalist
from the Dallas (Love Field) airport traffic control tower and another
from the Fort Uorth air route traffic control centcr wore detailed to
TDEC to assist in setting up 2nd conducting the simmlation tests.

The primary objective of the simulation program was +to devclop
mcthods of increasing the IFR traffic capacity of the terminal arca.
Consideration was given to the following spocific itcmse

l. Samplification of flight paths to remove as many built-in
bottlenccks as possible.

2. Simplification of control procedurcs to rcduce tho amount of
coordination between agencles and to minimize the amount of controllar
work load por aircraft operation.

3« Dovelopment of procedures which would scrve at loast two
directions of opcration at cach major airport, and which would continuc
to function satisfactorily in thao event of partial or complete radar
failure.

Le Bvaluation of various arrangements of radar equipment, including
scparatc surveillanco radars at Love and imon Carter, as woll as combinad
area opcrataons from a singlc facilaty,
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S« Investigation of tho effect of cortzin chenges in tho arrango-
ment of terminal arca nevigetion faciliticss Changes included the
proposed rolocation of the Fort Worth VOR, the establishment of an
additional VCR, and the possible rclocation of certain H facilaties and
fan markers in order to accomplish the objcctives of atems 1, 2, and 3
above,e

STMUL.TION METHCDS

Traffic Samplcs.

abbrovictions used in traffic samples arc listed in Table I.
Flight progress strips were obtained from the Fort Worth Center, Love
tower, and smon Carter tower, to cover a recent typical day of IFR
operations, These records were analyzed to determine the perrod of
heaviest traffic flow in the Fort Worth-Dallas Terminal area, .. 2-1/2
hour peak period, extending from approximately 0830 to 1100 CST, was
selected to form the input for the first traffic problem tested.
Details of this actual traffic sample, known as Sample 1, are listed
in Table IT,

Sample 1 had a traffiec density of only 30 operations per hour
for the entire terminal area. “Jhen run through the simulator, this was
hardly enough traffic to load the system to the point wnere system
bottlcneeks became apparents Therefore, 2 mumber of additional aircraft,
compraising 18 coperations, were added to the original sample, The new
sample, known as Sanmple 2, 15 detailed in Table I1I,

While testing various shuttlc procedures, it became desirable
to have a somewhat shorter sample wath a fairly high density of shuttle
flightss For this purpose, the last part of Sampls 2 was dropped; the
first 61 flights of Sample 2, including 17 shuttle flights, were useda
This sample was knowm as Sample 2Ba

In order to damonstrate how the traffic problem could be sim-
plificd if shuttle flights were eliminated, another sample was constructed
by omitting 21l shuttles from Sample 2. The resulting sample was known
as Samplce 2 ae

One consideration in running these simulation tests was to
obtain 2 maxamum amount of significant information about the flow
characteristics of the various systams in a minimum numbor of wrking
hourss Sincag potential botitlenecks arc not &s apparent i1n light traffic
conditions, it was desirable to test the various systems 1n sustained
heavy traffic. In order to meintain a heavaier traffie donsity through-
out the test period, a number of flights comprisinz 25 opcrations werc
added to the lighter periods of Sample 2. The now sample, known as
Sample 3, 15 dctailed in Table IV.

The actual traffic sample obtained from the original flight
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progress strips contained 2 number of flights which passod through the
termanal arca without landing. Theso flights woere run through the systam
vhenever tho Fort Worth Center was similated in the tests to build up
the centeor sector work loads to a reasonable figure. Details of thesc

flights arc listed in Table V.

To tost the feasibility of proposed jet letdown and doparture
proccdures, soveral jot fiights werc inserted into Samplc 3. Datalls
of these entries are lasted in Table VI,
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TLBLE I

Legend feor sll Traffic Samples

ATRCRLFT IDENTIFIC..TICHS From/To:

4 = umerican Lirlines 4BI Jibilcno, Texas

GLF - rar Torece »BQ  Llbuquerque, New Mexaco

«d - Cantral .arlines ..CF .mon Cartor Ficld

D - Delta wirlines uCT Waco, Toxas

Pu. - Pionecor _.irlinos oMy lmarallo, Tezas

TT - Trans-Tcxas Jarlines HRD  urdmorc, Oklahoma

V - Navy AUS L.usting, Toxas

X - Civilian B.D Barksdalec Ficld, Lowisiana
BID Brownwood, Toxas

OP&L.TICNS DL Love Ficld
EIM Little Elm, Texas

o= arrival ELP Elposo, Tcxas

D - Dcparturc EVV Dvansvillec, Indiana

S ~ Shuttle FNI Forncy, Toxas

FRS Fort Werth Range Station
FTW Mcacham Ficld
..JRCRLFT TYPES .MND CH.R.CTRISTICS FiH Carswoll Fiold

CLDMEB or | GVI Greonvaille, Toxas
DFSIGH..TION | SPRaDS (MPH) DESCENT | HNY Henslay Fleld
R.TE HOU Houston, Toxas
) (FPM) ICH Wachita Falls, Tcxas
i JUS Justin, Toxas
g - LiX Los ungeles, California
[
B | = i L&. IaGuardie airport, Now York
g A = LIT Idittle Rock, wrkensas
E = 2 M.F Mdland, Toxas
3 MIV Millvillo, Neow Jorscy
S - Slow | 180|150 |120 500 | o ponsas Gaty, Hlesourd
o W oW cans
M - Modaum | 20| 190 | 140 1000 OKC Oklahoma City, Oklahoma
¥ - Past 290) 220 | 130 1000 FPRX Parls, Toxms
- »
J - Jet Looj 290 | 180 3000 RSW Roswcll, Mew Moxaco

SHV Shrovepert, Louilsiana
/ZB Webb, Toxas

WIE UVaxahachic, Toxas
WYL Wylic, Teoxas



TABLE IT
SAMPLE 1
g 5
ATRCRAFT E o | B FROM o ||amcrarr | B, | B
IDANTTFT o2 SR FIX | TIME IDENTIFI- | & A FROM
CATION | & = C.TION A m [FIX TIME | TO
4 (o] 3 (&
PA61 S A WXE | 0832 | DaL || BSL M | D | DAL 0952 | AMA
X578 S D FTw | 0838 OKC || B1S M S | DAiL 0956 | «CF
#4100 F s ACF | o8Bl DAL || T242 5 A | FRS 0956 | «CF
AJ32 S s FTW | 0842 LCF ] 4100 F D | DL 0958 L
X7996 5 A WYL | 0842 DuL || 4J32 S D | DAL 1005 | PRX
4842 M | FRS | 08L6 DL || D310 5 D | DAL 1007 | SHV
«J99 M L EI¥ | 0852 DAL || F24L00 F D | FWH 1008 | RsW
B21 M |D DAL | 08Lo AUS || Pah2 8 S | sCF 1008 | Dal
B25 F D n.L | 0852 HoU || B28B M D | .CF 1011 | SPS
B6&9 F D LCF | 0854 IRD || 4F1806 s D | D.IL 1013 | FWH
L..F8008 s D HNY | 0858 ELP || uFL2L6 M L | WXB 1012 | FWH
LF167L 5 D FWH | 0901 ELP || k99 M S | DAL 1016 | .CF
TT50 S FNY | 0902 n.L || .Lo2 M S | .CF 1017 | D.L
0222 F s 4CF | 0903 DL || &d21 S w | JUS 1020 | uCF
B8O3 F D D.L | 0908 HOU || PL61 5 S { DLL 1021 | iCF
4J32 S S ACF | 0909 D.L|l TT42 ) 5 | .CF 1024 | DL
D08 F |D DLL | 0903 | MSY || .F999) S |D{rH 102, | BD
4F1620 S D HNY | 0918 iMa )l TTLA S S | D.L 1025 | .CF
X5LD S D TP | 0920 BV | D307 s + | FNY 1030 | DL
«FO1U0 M |a ‘& | 0920 FTW {| B1S M D | ACF 1031 | .oT
X2916B | S D DLL | 092L HOU || B678 M | D| L 1032 | OKC
X227 ' 8 S FTW | 0926 DLL || &L84 ¥ | D| DL 1035 { OKC
B28B M {8 DaL | 0927 4CF || a1l F D { oCF 1036 | ELF
PN M 15 LIF | 0929 L || B325 M | D{ DL 100 | EOU
PiLL2 S o FRS { 0932 +CF || D125X ) « | FNY 1041 | DuL
»8L1 M D DLL | 0936 LX || X1666 M | D | DuL 1048 | MIV
B20 F D DLL | 0950 MKC || LL99 M D | LCF 1053 | MLF
B28 M L UXE | 0943 L || Publ S O | «CF 1058 | .BL
B7L7 F D UL | 094y OKC || TTL1 5 D | »CF 1100 { B'D
.FB8018 S 5 FTi | 0945 L || X7996 5 D | 2wl 1103 { ida
LFB780 s i FNY | o946 FliH .Ea? S 51 2l 110 +CF
02 M |D| DAL 110 LIT
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TABLE III
Detuils of Sample 2, 24, and 25
o= =
S SaMPLE 2 = SAMPIE 2a
ATRCRAFT S |___ FROM 0 ||3 FRCH TO
IDZTTFI4 & R | FX | TIME 4 [ TX | TOE
CATICN |E || 8 O
Pi61 S |4 |[WXE 0832 DTl WXE 0832 DAL
X578 S ||D |FTW 0838 OKCI{ D FTW 0838 OKC
A00 F {58 |ACF 08L1 DA
AJ32 S |15 [FTW oBL2 A
X7996 S a4 | INL o8l 2 DIl 4 YL o8L2 DAL
B30 Milla [WXE 0845 D) . XE 085 DL
2842 M A | Jus a8Lé DL A JUs 08L6 DaL
Lh99 Mi{lA | EM 0852 Di.Ij{ is EM 0852 DL
B21 M ||D [D.L 0849 AUS|D DnL 08L9 AUS
B25 F [{D |DiL 0852 Hou| D DiL 0852 HOU
B&EY F ||D |iCF 085 sDM{D 4CF 0854 LDM
4h79 F [la | &M 0856 D .. EIM 0856 DLL
LFBO08 |8 D |HNY 0858 ALR[ID HNY 0856 HP
aF167h |8 |/ D | FWH 0901 ELBI D M Q%01 ELP
TT50 S |t.. |FNY 0902 PR FNY 0502 D.L
4222 F |ls | acE 0903 D]
B4O3 F{|D |{D.L 0%08 HOY| D D..L 0906 HOU
5d32 S |8 [uCF 0909 D.I|D oCF 0909
D508 FIID |DL 0913 MsY! D DL 0513 MSY
wF1620 !S5 ||D |HNY 0918 LM4| D HNY 0918 alh
B30 VM 11S DAL 0920 +CH| D DuL 0920
X5hLo S ||[D [FTu 0920 BTy D FTW 0920 BVV
SFOUO | M ||a |JSH 0919 FTI) JSH 0919 FTW
1655 M s (WL 0921 uCH .. WYL 0921 4CF
X916B 5 ||{D DL 092 HOUl D D..L 0924 HOU
X9000 S }|la |PLO 0925 HNY| & PLO 0925 HNY
X227 S {|s [FTV 0926 DAT
B28B M {|S DL 0927 +CR| D DiL 0527 ICH
B600 F |{. |JUS 0528 Do .. JUS 0928 .l
NI M {8 |uCF 0929 DI D CF 0929 CKC
«l79 F {ls |D.L 0930 4CHID D.L 0930 4CT
PAL2 S || |FRS 0932 CHY .. FRS o9L2 iCF
4800 F {{a |FNY 0935 DALY FNT 0935 Di.L
L8 M ||D |D.L 0936 LY D L 0936 LAX
PAl2 F |4 {FRS 0939 4LCH| L. FRS 0939 ACF
B20 F [ID [DiL 09LO CKd| D DLL 0%L0 CKC
B28 ML 0943 |4 WXE 0943 DAL
BILT F ||iD (2l 09hly okq|D DLl oLl QKC




AF8018f s | s | FIU ooLs | DL
4FBT80| 8 |4 | FNY oot | FiH | 4 FNY ooL6 FUWH
#F1000( 8 | o | FNY o9L8 | HNY | 4 FNY 0948 HNY
B9L M |{D| L 3952 L D DaL 0952 aMA
B15 M| S| DL 0956 | uCF D L 0956 4LOT
T2 S {.| FRS 0956 | 4CF | & | FRS 0956 uCF
4100 F t D] L 0958 | 1G5 3)) Jal 0958 LGL
B30 M| D] iCF 1000 | BKC D uCF 1000 QKC
l L655 F|D| LCF 1003 | SaT D LCF 1023 SuT
ud32 5 J L ll.)\js PRX D "L lUJ5 RX
D312 S | 0| miL 107 | SHV o wLl 1007 SHV
w00 F | 2| 7B 1208 | ROS D F.JH 1308 RCS
b2 s | s .cF 1208 | WL
w79 Fi{D]| .CF 1010 | .CT
B29B M || icF 1011 | ICH
P.62 F | S| «CP 1512 | wL D | wCF 1312 uCT
LFBO6 S | D wL 1013 | LBQ 2 L 1.13 B
ARLhek6| M | & | v w027 | FH & Y 1:27 FWH
L4599 M| 5| WL 1016 | &4CF | O | "wL 1016 MLF
JLL].U 2 M S JI;CF 1‘317 ._).:-.L ) LCF lh— 17 LIT
aJ21 S | u | JUS 132> | .CF A Jus 1020 +CF
P.61 S |8 Il 1,21 | «CF 7 wL 1021 LBl
» TTY2 S | 8| wCF 1124 | AL
LF99) s i mE 1024 | BOD D FUWH 102k Bu)
TTLL S | 8- "L 1025 | ..CF D L 1025 Bl
2307 S | » | FNY D | L “ FNY 1530 L
B1S M| D LCF 1031 | 4CT
B678 M || DL 1432 | OKC D WL 1032 OKC
uli8h M| 2] Wl 1035 | OKC
L1121 F | J| iCF 1236 | ELP P ACF 1036 FLP
B325 M| )| L 1240 | HOU » L 140 HoU
n125% 5 | .| FNY L1 | UL | o« FNY 141 L
X1666 M| D] UL 1,48 | MIV J JuL 1148 MIV
P.62 F || L 1)5) | LCT J WL 157 HCT
199 M| ol LCF 1J53
Pabl S o] «cP- } 1258 uBL
TT41 S | 0| .CF 1120 | B P CF 1100 BID
%7996 S 10 WL 1103 | iM. 0 AL 11)3 LMy
# Sample 25 included all Sample 2 traffic down to this point only




9

TLBLE IV S5.MPLE 3
LCFT —E = FRCM ICFT | &= FROM

AT | & | 6 [TFIX TIRZ T TO T)ENT E MTFIC 7T TO
P.hél 8 - XE J832 oL L4130 F|D|l AL \.)958 L.
LJ2 S| s FTW 1835 | i4CF B3 MDD .CF | 1007 OKC
X578 s | 5 PTW 3838 | oxc 4910 |F|S] WAL | 1230 +CF
TTEO S| 8 FT w838 | L w655 [F 12| uCF | 2003 SaT
4d32 S| 8 FIW s8h2 | .CF &J32 |S 17| DAL} 10)5 PRX
X7996 1 5| a WYL o8he | ol D310 IS {3 L | 1007 SHY
B32 M{ . WXE 9845 | UL SJFeliou(P | 2| FuH { 1208 ROS
48l2 Ml . JUS 28L6 | L Pa2 (S!s| .CF | 1208 wl
199 M EIM 3852 | WL AL79 IR | Df uCF | 1012 4CT
B2l Mo L 28L9 | LUS B29B |M | D] &4CF | 1011 ICH
B25 F| D JuL 08g2 | HoU PL62 [F|s| uCF | 1012 WL
B669 0 ACF J654 | LM AF8)6 [S81D] L | 1013 ;)
ATL9 Fl wu FIM J856 | DuL || FL2héiM | ol DOV | 1016 F.JH
LFBUUB 5 D HNY 0858 | ELP shos (M]S| L | 1.6 WCF
LFL6TLY 8 | O Fily 2901 | ELP || w632 |M| S| iCF | 1017 DalL
TT5. S| & FNY 2902 1 MLL 4d21 Is| .ol Jus | 1o2u «CF
L222 F| s iCF J903 | WL || w479 [P |l DL | 1020 L
BLJ3 F| D ALL )938 | HOU PA6Y |S| 8 WL | 121 .CF
4111 F| . Jus .98 | 1 a2 [Ss )]sl .Lor | 1024 QUL
£d32 5! S LCF 3909 | DL JFosh iSOl PE | 102l B
9.8 F| D ul J913 | MSY T4l (S| S| AL | 1225 .CF
LF1823 8| O HNY 0918 | Al D315 || o] FNY | 1027 L
B3 M| 5 DAL 392) | .CF 23,7 |S | 4] FNY | 1230 L
C540 S{ D FTW 192) | vy D15 Mo .CF | 1031 WwCT
&FOUOT M| 4 JSH 2922 | PTW B678 |M! D| DAL | 1032 OKC
L8955 | F{ UYL )921 | uCF 4910 |F 8] 40T | 1233 2L
X916B | s | O 2.L 292h | HOU a8l (M| ol eI | 1235 CKC
X9020 | 5| 4 PLO J92Lh | HNY uF622 [S| | XL | 1335 HNY
X22P S| S T 2926 | wL al1l |F| Dl .CFR | 1336 ELP
B26B 1l s UL 1627  LCF B38 M{.| FRS | 1.36 oCT
B63D F| & JUs 3928 | WL B325 |M{D| L | 1042 HOU
A48l M| s 4CT 1929 | wlL D125X [s| .l FNY | 1ol 2L
ul79 F| S L w033 | LCF L228 (P4l EIM| 1041 AL
Puli2 5| 4 FTV J932 | uLCF X1666 | M) L | 1048 MIV
A82) Fl a FNY 1935 | DLL PL62 |F]D| L] 1052 LSOT
ABL1 M| D DAL 0936 | LAX D315 M]S| DAL | 1050 ACP
PAG2 F| A JUs 0939 | ACF ALSS (M |D{ ACF | 1053 M.F
A900 Fi & JUs 0939 | DAL || «L79 |F{S| D.L| 1054 LCF
B20 F{ D DAL o090 | MKC P.6l |s]D| 4cFr | 1058 uBI
B28 Ml . WXE ogh3 | DL Adh s{s| 4Cr{ 1058 DL
B7LT F{ D DAL o9l | CKC TThl |S{D{.iCF| 1100 BUWD
AFBO18y 5| S FTW oohs | DuL Bl M|S| DuL | 1101 ACF
“F8780] s & TNY oghé | F'H || X7996 |S| D} DL { 1103 M
AF1000| s | & FiYy o9L8 | HNY B34 M|a)JUs| 1104 DLL
BSL M| D AL 0952 | iM. D07 {S|s| Dal | 1107 LCF
4157 Fl a WYL 0952 | LCF wio2 Ml D| DL | 1107 LIT
B15S M| s DL 0956 | ACF

TThe 51 a FTW 0956 | .CF
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T.BIE V
OVER PLIGHTS
W « TRCRuFT ENTRY

IDENTIFICATION| TYPE FIX TOE «LTITUDE | oIRW.Y TO
.F8885 M JUs 0822 9000 Al AT

# LF123) S 4CT 0adL5 7000 BS TUL
411522 S LCT 0853 9000 G5 NQu.
¥13C s ACT 0910 11000 v17-77 | MKC
X12l5N 5 uCT 0956 S000 BES TUL
LF0133 M GVT 1016 10000 G5 ELP
4F9919 M uIT 1033 9000 AL QKC
4F92311 J FRS 1ah5 27000 Direct | MKC

# Included in Sample 3 Runs only

TABLE vl

SuMPLE 3 JET /iIRCRLFT

«IRCRAFT = INTRY

IDENTIFICATION | & [ FIX | TINE | LLTLTUDE DESTTN.TION
4F1000 i | wEB | 0850 20,000 Hensley MN.S
V6969 a | UEB | 0912 20,000 Dallas
4F601L D | HiY | 0913 L0, 000 ElPaso
LFI00N L | WEB | 0915 23,000 Hensley NS
i D | HNY | 0927 35,000 St. Louis
V6670 A WEB 0932 20,000 Dallas
»F1065 i WEB 0940 23,000 Hensley NAS
4F1010 o WEB 0sll 20,000 Hensley N.S




Measurementa.
ls Departure Delay
For the purposes of this study, departure delay was assumed
to be the interval between the scheduled takeoff time as detcrmined from
the traffic sample, and the actual takeoff time which was recorded on
an Esterline-Angus rccorderst

2. Arrival Delay

From the basic traffic input data tabulzted in the traffie
samplcs, a theorctical approach gate or outer marker time was computed
for .och arrivang aircroft. This thcorotical timo was basod on the
normai timo required for tho aircralt to procced from the entry fax to
thc zpproach gatc, assuming that no other aireraft was involved. The
actual arraval tiumc of cach aircraft over the appropriato approach gate
wos rocorded on the dsterlinz-Angus roecorder. The thoorotical gate tine
was then subtracted from thc actual gatc time, to ditermine the delay
to cach arrivang aireraft., TIhis figuro,thon, included all doloys,
whether caused by holding, doscent, path stretching, or velocivy control.

3. Shuttle Dclay

From the scheduled departurc time tabulatod on the traffic
sample, a theorcticel gato time was computed for cach shuttlc flight.
This figure roproscntod the time the shuttle would b over the approach
gate inbound, assuming that i1t nad departoed on schedule and had beon
the only airceraft in tho approzch systcme Tho actual arrivel tamc of
thc aireraft over tho approach gat. was rocorded on the Estorline-Angus
recorder. The theoroticel gatc time wes thon subtractcd from the actual
gate time to determune shuttle delay, This figurce then ancluded the
effocts cf 211 fectors, including deolayed takcofi, which might have
delaycd the actual arrival,

Tho chiof reascen for tabulating shuttle dclays scparatcly from
the delays to othor arriving aireraft was to sce whether deleys in the
systum were distrabutced cquatably betweoen arrivals from inside and out-
side Lhe terminal arca,

Y. A & S Dclay
Arrival delays and shuttlc deloys were averacred togothar 1in
the tabulataons, under tho t-tle of A & S (arraval and shuttle) delay.
This figure represented the average delay to all landing aareraft in tho
S}’S't.C-m-

5. Shuttle Flying Tme
In view of the excessive flight time often required by shuttles
between Amon Carter and Love Fiold under the mrescnt systam, this itaem
was recorded as another index of systaem performance, Shuttlce flying time
was the differcncce botween takecoff time and arrival timc inbound over the
approach gatc (outer marker), as recorded for Cartor-toLove and Love-to-
Cartor shuttl. flights. Actual flight time from takooff to landing would

1 TD Report #191, "Devclopmont of a Dynamie iir Traffic Control Simulater
by Richard E. Bekar, Arthur L, Grant, and Tircy K. Vickers, Oct. 1953, Pu 7.
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be about two minutes longor than the figures tabulated in this column,

Control Agcncics,

The Fort Worth-Dallas simulatlon program marked thc first usec
of the air route section of the dynmamic simlator. This scction, manncd
by air routc traffic controllers, simulatoed the operation of the Fort
Worth and Dallas scctors of thc Fort Worth ARTC Center, It was assumcd
that cach scetor was cquippud with a scparate air/ground radio channcl,
as well as aintcrphone conncctions te all control towors, =ir carricr,
military, and CAA communications agencies within the arca bounded by
Waco, Mineral Wolls, Ardmorc, and Tyler,

To speed up the symilation program, as well as to economlze on
tho use of personncl for these tosts, the air routc scetion of tha
saumilator was not uscd during all test runs. Instcad, 1t was amployed
only for tho first run of cach new phasc and sample of thu program,
During this run, controllers recorded the altitude of cach arriving
aircraft at the tame of its cnbry into the torminal arca. During
rcepeat runs of each phase and sample, ench aircraft was carcfully
programmed to cntor the termanal aree at tho same altatudc at which
it had antered during thc initial run of that phaso and scmple. As
far as the termainol arer was concorned, use of this procedurc kept
the nput to the traffic problem realistic and consistont, cven whon
the air routc scction was not buing operated,

Cartor Tower opcretions wero simlated by one controller and
onec assistant controller, using 2 singlc 1lZ2-inch survcillance radar
display and associated flight progress bozrds, The Love Fileld Tower
was simulated 1n the same manncr. Each tower had an cxclusive air/
ground communications channel, and a direct interphone to the associated
+LRTC sector,

As previously noted, onc of the most ¢ritical problams of
the present systocm 15 the nced for coordination between the four IFR
traffic control agencies. Because the actwual traffic count of Sample 1
showed that the number of ailreraft operations at each of the four
western airports (Carswell, Mcacham, Carter, and Hemsloy) was rclatively
small, 1t was decided to combine Meacham and Carter approach control and
handle the combined operation from the Cartcr Tower. This mergor, which
roeduced the mumber of coordinating IFR ageneics from four to three,
worked succcessfully in the initial tests and appeared to be a practical
arrangcment cven in workang the highor densitics of the lator traffie
samplecs,
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TESTS .iND RESULTS
Tests wthout Radar

1. Purposc.

Becausce of the limitations of prosent S-band rader cquipment
in hcavy precipitation, as wcll as the neecssity for developing fail-
safe procedurcs, a considerable portion of the simulation program wes
devoted to the cstablishment of control systams whieh could continuc in
cperat: on without bencfit of a radar dasplay. Thercefore, meny simulation
tosts werce conductcd completcly wathout radar. On some rader tests,
sudden failurc of radar cquipment was simulatod, to detormine whother
safe opcrations could still be maintainod,

2e Ipitial Tests,
In the initisl tests, the axisting layout of navagetion
faecilitics was simulateds Prcsont operating procedurcs wero utilized,
with tWwo cxccpticns:

a. To rocduce the number of coordinating agencies, Cartor
and Meacham appreach control were combined, Carter
approzch control had jurisdiction over IFR opcrations
at Carswcll, Moacham, Hensley and Cartcor Fiolds,

be In line with provicus simulataion studlcs,2 whach had
catablashed the desarabality for keepang final approach
paths as short as practicable, ILS outer markers were
utilized as the pramary holding fixes for Meacham and
Love Fields, in place of Haslet and Coppell, respectivcly.
For the same reascn, the Dallas fan marker was used
insteaa of Duncanwvalle, for north approaches to Love
Field.

Arrival routes used in thesc tests are shown in Fige 1le Departure
routes arc shown in Fige. 2. Bven at the low level of traffic in tests
of Samplo 1, 1t was apparent that the coordination nccessary in elcaring
westbound traffic from Love Ficld, or castbound traffic from cither of
the other airports, could get quite involved at times.

3« Scector Altatude Boundarics.

At the present tame, the apprnach control scctors 1n the Fort
Worth-Dallas terminal area include all airspacc up to and ancludang 5,000
fect MS5L. Altitudes abowe this lcvel arc controlled by the Fort Worth
ARTC Center. This arrangemont was followed i1n the initial simulation
tests. However, 1t soon became apparcnt that a revision to the approach
control scctor boundary would be desirablc,

Application of Simulation Techniques in thc Study cof Tcrminal Area sar
Traffic Control Problems, TD Report No. 192, by C. M. underson and T. K.
Vickers, November 1953, sco Pe 7.
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It 111l be noted from Sample 1 that shuttle flights botween
airports in the Fort Worth-Dallas terminal arez= make up almost half of
the total takcoffs and lantings. Initial simuletion tests indicated
that the handling of sucn operations formed the most critical phasc of
the entire traffic problem, sincc cach shuttle flight required coordina-
tion between two approach control towers, and in many cascs, the ARTC
ccnteor as well,

To eliminate the necessity for coordination with the ARTC
center in handling shuttle flights, 1t 1s necessary for the approach
control scctors to extend high encugh to contain all routine shuttle
operations. However, any extension of the approach control sector
above this altitude level places an unnecessary restrictaon on ARTC
oporations by requiring abnormally high ontry altitudes for ovar-flying
or arrivang aircraft. The time required to descend from such levels
often leads to increased arrivel delays.

A graphical analysis3 was made to determine the opbimum
altitude for shuttlie operations under the most critical traffic conditions.
These conditions were assumed to be as follows:
l. Shuttles would have to operate simultanecusly in both directions,
from Love to Carter and from Carter to Love,

2+ Approach systems of both airports would be loaded wath othar
traffic,

3. No radar would be available,

The graphicel znalysis showed that 4,000 feet was the optimum
shuttle altitude for these conditions. Lower altitude limits lowered
airport capacities by causing a large gap in the approach scquence pre=
ceding the arrival of a shuttle flight, Higher shuttle altatudes in-
creased the flight tames and in-flight delays of shuttle flights, and
21lso increased the air/ground communications workload in getting the
Ilights up and down through more altitude levels,

Use of the L000-foot altitude lewel enabled szch shuttle to
descend again on route to the approach fix, wath no dolay in starting
approach from that point, and waith a normal approach interval behind
the preceding aircraft.

Bubsequent simulation runs indicated that the graphical analysis
was correcty that there was no advaniage in ever clearing 2 shmttle
flight above the LOOO-foot level, Therefore, thc upper boundary of the
approach control sectors was lowaroed to LOOO feet MSL in order to take
advantage of lower entry altitudes for arrivang a2ircraft, This change
worked satisfactorily in all subsequent testse

3 Tbid.
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k. Shuttle Procedures.

The anatial sirmlation tests indicatod the desirability of
establishing simple standardized procedurss for the handling of Love-
to=Carter and Carter-to-Love shuttle flights. Such procedures should
have the fellowang characteristicss

as They should provide independcnt routes in ocach {light

direction, with positaive altitude seoparation at crossing
points.

be. They should require & minirmm amount of coordination
between control agencies,

ce To entail 2 minimm amount of interfeorence with other
arrival and departure operations, procedures should
perrat each shuttle flapght to vacate the minimum alti-
tude as soon as pogsible after talteoff.

d. Toc avoil producing large gaps in the approach sequence
at the destination airport, shuttle routes used for
ne-radar operations should provide a secondary tlearance
limt as well as a pramasry clearance limt for cach
direcetion of flight.

e To reduce controller work load and aircraft flight time,
preoccdures normally shculd ehable shuttlas to be inte-
grated with other arrivals wath no in-fiight delay to the
shuttle aircraft.

The lack of such procedures in the past has resulted in the
extremely high flight taimos, flight altitudes, and work loads assccizted
with shuttle operations. Fig. 3 shows the initial smmttle procedures
used 1n the simulation tests. Although this procedure was an improvement,
tests showed that 1t did not always provade positive altitude separation
between opposite-direction shuttles at crossing pointse

In an effort to provide greatour safety for simultaneous shuttles
in both directions of flight, the system shown in Fig. L was trieds In
thies system, shuttles from Carter climbed to 3000 feet in the Grand Prairie
holding pattern before proceeding toward Dallas, while shustles from
Dallas climbed to LOOO feet at the Dallas range before procecding toward
Cartor. Results of this test are shown in Fip. 5.

Although this system provided positive ANC sceparation between
all shuttle flights, 1t greatly recstricted the flow of shuttle traffic.
Fastbounds ccald not leave Grand Prairie until the 3000-foot level was
vacatced at the Dallas range, and westbounds could not leave Dallas rango
until reaching the L000-foot levcl. Thas restracted the number of
sumltaneous shuttle flights to a maxanum of two. OCround delays to
subscquent shuttle flaghts were increascd drastically and controller
work load went ups This ultimately affoected other operations as well;
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arrival and departure delays were increased te a high level, Therefore,
this system was ahandoned.

The original system showm in Fig., 3 was then modified to
provide a preater degree of safety for sumltaneous operations., The
modrfied system, which 1s shown in Fig. 6, included the fcllowing changes:

2. Shuttles from Love Ficld took off southeast instead of
scuth to provide a longer distance in which to climb
before crossing the Dallas range westbound. All these
flights were able to cross the Dallas rangs at 2000 feet
or above and to reach 3000 feet well before reaching the
Hensley intersection.

b. Shuttles from Love Ficld were restricted so as not to be
c¢n -the lelt side of the course betwecn the Dalias range
and the Hensley intersection.

c. Shurileg from Carter wcre restrictced to maintain 2000
fect urtil one minute southeast of the Hensley inter-
SECT10Ne

Results of the first test with this system are shown in

Fige 5. As this modified system met all requiremcnts for successful
shuttle opcrations without radar, i1t was adopted as standard for sub-
scquent tests under conditions when sirport operations wore southeast
and no radar was used. With these procedures 1t was possible to have
as many as four shuttle flights in progress at the same time (two in
each direction of flight). It was found that rigid adhercnce to these
standard procedures eliminated tower-to-center coordination regarding
shuttle operations.

Several times during the carly tests, controllers made the
mistake of clearing Carswell-to=Dallas or Meacham-to-Dallas shuttle
flights to the Carter outer marker at 3000 or L0OO feet, planning on
being able to re-clear the aireraft immediately to the Dallas outer
marker. In many cases, arriving traffic at Dallas forced these aircraft
to hold at thc Carter outer marker. This in turn delaycd cther Carter
arrival traffie. To correct this situation, it was found that the
easiest way to handle the Carswoll-to-Dallas or Meacham-to-Dallas shuttle
flights was to clear them via Hensley interscction at 4000 feet, where
thoy entercd the normal shuttle stream en routc to Dallas.

Using the modified southeast shuttle system shown in Fig. 6
as a model, work was startcd to cstablish a similar system for use whan
north operations were in progress. One possible solution would be to
have the shuttles clamb to different altitudes (3000 and LOOO feet) at
their respoective outer markers beforo procecding toward the cther field.
However, this system would be the aquavalent of the system shown in Fig. L,
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and would be subject to all the restrictions of that very inefficient
systems Therefore, no tame was given to this procedures Instead, a
new facility was provaded to perform the same function as Duncanville 1in
the southeast shuttle systam, to set up an independent climbing route
which would enable opposite-direction shuttle flights to swatch
altitudes between the points wherc their routes crossed. Since the
Haslet H facility was no longer nceded for Meacham Field traffic, it

was assumcd that this facility was moved to a point on the Dallas local-
1zer course about 11-1/2 miles northwest of the Dallas outer markers
This new radio fix was known as Reservoir, It could also be defined
as the intersection of the Dallas localizer course and an ADF bearing

of 1l degrees from the Carter outer locater.

The initial shuttle procedure tested with this facility is
shown an Fig. 7. It soon became apparent that this system had two
disadvantages:

a. Positive altitude scparation did not always exist betwcen
westbound and northbound shuttles in the vicinity of
Grapevine,

be The WFAA-WBAP radio towers at Orapevine intersection re=
quired a crossing altitude of 2200 fect, which forced
the westbound shuttle route to 3200 feet, In order to
accommodate four shuttles simultancously, the L200-foot
level had to be uscds Thas, an turn, restricted the use
of the 5000~-foot level by the ARTC Center through tho
areca,

Becausc of these complications, the initial system was
abandonod. The procedurc was then changed to the onc shown in Fage 8.
This procedure worked out quitec satisfactorily in subsequent tests.
Patterns used for northwest landings arc showm in Fig. e

S« TFreezc Control.

In addition to the tests whaich were conducted specifically to
devise more efficient shuttle flight routes, other tests were made to
evaluate the adequacy of the freecze control system which has been used in
the paste The object of this system was to distribute arrival dclays
equitably between arrivals from inside and oatside the terminal arca, It
also tended to allow shuttle flights to take most of their proposed delay
on the ground, before departure, rather than in the air,

To oporate this system, flight plans for all proposed IFR
shuttle flights were filed with the ARTC Cantere Integrating these proposed
arrivals with other arrivals, the Centcr then i1ssucd an expocted approach
timg (or "“freecze time") for cach flight at the appropriate approach fix,
Based on this time, the shuttle pilot would attempt to be ready for
takeoff at a timec sufficiently early to enable his aireraft to arrive
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at the approach fix at the cxpected approach timee

Tests showed that this procedure was very inefficient. It
caused a large increase in controller work load, becauso of the additional
coordination activity roquired boetween alrline office and ARTC, betwecn
ARTC and the towers, betweon towers and pilots, and between towers. Tho
bookkocping work load was similarly incrcased. Even in simulation,
shuttles could not always take off on time, because of other airport
traffic, and becausc of the extra coordination required, Shuttlos wero
not always in position to start approach at the planned approach times.
Whon they arrived late, they often had to hold at thc approach fix to
wait for othor traffic which had arraved in thce mcantimes There were
other times, wnile shuttles werc being held on the ground awaiting their
expected takcoff time, that unexpected gaps developed in the approach
sequences. Those gaps, long enough to accommodatc onc or more approaches,
could not be utilized beezusc no shuttle was in position to take advantage
of this contingency. Declays piled up, not only for shuttle flights, but
for other traffic as well. It was concluded that 1f the "frecszo" conmtrol
procedure would not work satisfactorily in simulation tests, 1t would have
cven less chancc of workaing satisfactorily whon dealing with the addational
variables encountered in actual operations. No further tests were made on
the freeze control pppocedurs. Although 1t maght have been an improvement
over no system at all, it became only a bottlensck after the simple
standard shuttle procedures were developed.

Tests showed that the standard smittle procedures performed
the same purpose as the freeze control procedures, with much less work
load for control persomnel and considerably less delay for the ailreraft
concerned. The standard shuttle procedure performed a flow control
function because 1ts use automatically limited the number of shuttle
flights to two 1n cach direction at any one time., Bach shuttle could
be cleared for takeoff with no delay expected at the destination. After
two flights were on their way from one airport, therc was no point in
clearing any more for awhile, as any extra flights would be faced with a
higher eruising altitude (which would have required prior coordination
from the Center), plus additional holding time in flight. This procedurc
allowed a smooth flow of traffle without bunching shuttles at the other
cnd of the linc. As a result, no shuttle flight ever needed to be
coordinated with the ARTC Ceaters HMeanwhile tho Ccnter issued, to other
arrivals, expectod approach times eight to tcn minutes apart. This was
actually conservative enough to permat approach control to sandwich
occasional shuttlea into thc approach scquence wlthout setting back the
expecteod approach timec of the other arrivals., Approach control would
advise thoe Center regarding any appreciable change in the last expected
approach time issued, so that subsequent expected .

. ~ appreach times could be approximaitced more
closely. Results of this system are comparced with resulte of tho freozo
eontrol systcm in Fig, 10,
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Tests with Radar.
1. Extent.

A considerable portion of the sirmlation program was devoted
to the investigation of the most practical metheds for the application
of rader procedures to the control of traffic on the Fort Worth-Dallas
terminal area, This portion of the program vas conducted in two
phases:

a. Simulation of ASR-2 or ASR-3 type surveillance radar at
Carter and Love Fields.

be Simlation of high-power terminal area surveillance
radar for combined Center-Approach Control operataonse.

The radar coverage sumlated in the tests 1s shown in Fig. 1l.

2. Shuttle Procedures.

Durins the inataal radar tests, no particular routes were
specified for shuttle flights between Carter and Love Figlds. After
takeoff, such flignts were turned on dewnwind leg for approach to the
othar airport, as shown in Fig. 12, Although this procedure worked
satisfactorily under laight traffic conditions, the crossover of flight
paths in the area bctween the two airports could produce a hazardous
condition 1f the controller's attention was temporarily divorted to
other areas. In addition, these paths tended to interferc with Hensley
Fi1eld operatrzons. To provide greater safety and to simplify coordaination
between tovers, rhuitle routes were changed to eliminatc this crossovers
The modified routes, which worked satisfactorily in subsequant tests,
are shown in Figs. 13, 1, and 15.

3. Offcet Holding Faxes.
Previous sirmulation studies had shown tho advantage of

establishing holding fixes offsct from the final approach, course, as
an aid in handling heavy traffic demand ratcs with radar.LL Application
of this feature to the Fort Worth-Dalias area was investigated. There
was not enough room to establish a twin-fix feeder arrzngoment for either
Carter or Love Fields; ncither was there enough space to establish a
holding fix between the two parallel ILS coursess Therofore, only
single-fix systems eould be used} and any offsct holding fixes would have
to be west of Carter or east of Love. 4s the Dallas VCR was too far
away from the field for 1deal vectoraing arrangaments, 1t r7as moved to
Highland Parks. &An additional VOR or TVQR facility was establiched at
Pulleys. This confaiguration of faeilitircs, with the rcsulting flight
routes, 15 shown in Fig. 16.

As indicated in Fig. 17, subscquent tests of this arrangement
shoved that use of the offsct holding fixes had very little effect on
averagc delays., Even at the incroased traffic rates of Sample 3, traffic

L Ibid. p. 9.
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moved so fast under radar control that arrivals seldam reached thesc
offset clearance limits before they could be cleared for approach. The
layout was not very practical for shuttle traffic, as such airgraft
would have to make long dctours, in many cascs, to proceed via tne
offsct faxes. This would have complicated traffic paths considerably,
and added to controller work load. Therefore, the outer markers wers
retained as the primary clearance limits for Carter and Love Field
arrivals; and the ostablishmont of tho Highland Park and Pulley VOR
facilities 15 not recammended at this time,

e Control Room Layout.
Figure 18 shows the layout of control equipment which was

used to simulatec operation of thc IFR room at Carter Tower. A
sitmilar arrangement was used to simulate operations at Love Field,
It will be noted that the radar controller 1s provided with small
flight progress boards adjacent to his radar scopce Prcvious testsS
have shown the necessity of keeping the pictorial display (radar scaope)
and the symbolic dasplay (flight progress board) together, so that the
approach controller has simultaneous access to all information regard-
ing aircraft under his control.

The standerd layout for IFR rooms places the radar scope
several feet away from the flight progress boards. Such an arrange-
ment leads to increased coordination betwecn persomnel, increased
work lcad, and & much higher exposurc to misunderstanding and con-
fusione This situation can be corrected through the usc of small
(oven portable) flight progress boards on the ledge in front of the
radar scopee Thcse boards are used to pest only the flights under
actual controle Flight progress strips arc propared by the data
transfor man, who handles most of the interphone communications.
Strips are passed to the radar controller who handles his own strip
marking procedures to kcep flight data current. The radar controller
15 primarily concerned with air/ground communications.

For such a system to function properly, lignting arrangaments
must be adequate for the flight progress boards, but must not debaso
the radar displey, Many differcnt lighting systems have been tracd
on the sumlator.® Most successful so far is a tri-chromatic system
which uscs 2 cerling fixture contarming red, blue, and greon lamps.
These lamps produce a mixture of light which 1s apparantly white but
1s actually deficient in the amber porticn of the spoctrume An ambor
filter 1s used on the face of the radar scope, and a small scmicire
cular hood 1s placed around the top portion of the scope to shield 1t
from the light source., The trichromatic light mixture produces adequate
ambient lighting in the radar room, but does not interfore with the use
of the radar scopcs

5 Thad. P. 17
6 Ibid. P. 17
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5, Horizontal Dasplay Bquipment.
The radar tests previously described simulated operations with

ASR-type radar installations at Love gnd Carter Fields. Shertly after
the criginal program was completed, the simulator was equipped with a new
30-1neh horizental braight tube display, as shown in Fige 1%9. Because
the neuv display opened up possibilities for an entirely new concept of
combined Center-Approach Control terminal area operations, the program was
extended to include tests using this equipment.

The new scope was large cnough to permit several controllers
to function as a team while handling traffic in a comparatively large
radar area., Therefore, it was possible to simulatc an installation in
which the Air Route Traffic Control and Radar approach Control functions
for the entire Fort lorth-Dallas terminal area wero located in a single
room, with Center controllers and approach controllers sharing the same
radar display.

The scopec covered the large circular area shown in Fig. 11, at
a scale of approximately 2-1/2 miles to the inch, Three controllers
were usced, one for Carter jipproach Control, onc for Dallas approach
Control, and cne to handle the 4RIC functions for the Fort Worth and
Dallas Scctorse Each controller had at least onc exclusive alr/ground
communications channel,

Idantification markars were used to keep track of the various
targets on the scope face. These markers wers of heavy paper stock,
approximately cne by two inches in siza, bluntly pointed at one end to
indicate flight direction. Daifferent colored markers were used to
indicate diffcrent types of operations., Ordinary lead pencils wore used
to post flight data, which included the following i1tems on each marker:

Aireraft adentification
Aircraft type or speed class
Route, 1f pertinent
Destination

Clearance limt and altitudc,

Tests showed that this concept of combined Center-Approach Control
torminal arca operations rosulted in an extramely flexible systam
which practically oliminated coordination problems betwecn the Conter
Sector controller and the approach controllers. As all controllers had
complcte and current information on all IFR traffiec in the terminal
arca, thcy were ablc to make immediate uso of available airspaco as
soon as such opportumitics occurrceds, Thoy wore also able to share the
workload equitebly during sudden surges of traffic, Having adjacent
Center sectors a fow feet away made 1t extremely sample for the Centor
controller to ceordinate terminal area arrivals and deopartures with +the
other 4RTC sactorse.

The result was a considerable reduction in controller work
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load and a spcedup in traffic flow as shown in Fig. 20, Although
the tests were bascd on the use of what is yet highly experimental
and expcnsive radar equipnent, they pointed cut the tremendous ad-
vantages which could be obtainad from the Center-approach Control
radar team idea, if suitable equipment of this type ever becomes
available for actual operations.

In tosts simulating radar failure, 1t was found that this
systcem continued to function in a highly successful manner, even
without radar. Use of the identification markers on the map overlay
of the horizontal scope still provided a typc of pictorial display
which was far saperior to the old tabular postaing flight progress
board system. As aircraft reported passing each fix in the tcrmanal
areca, the identification marker was moved ahead, The result was a
simplo and practical block system of traffic control, with a low
controller work loade Becauss radio fixes werc close together, block
lengths were short, and the pictorial represcntation of the spatial
relationships botween the varlous aircraft was almost as good as if
the radar was operating. The scanning work load was very low because
cach aircraft was represented by only a single simplc marker, instead
of by the multiple strip postings of a standard flight progress board.
This factor contributed to the inhercnt safety of this type of traffiec
control systcme

Miscallaneous Tests,
le Use of Short Clearance Limits,

Farly simulation tests in this program utilized departure
procedures which reguired thet all IFR departures reccive ARIC clearance
prior to takcoff. In these tests, dcparturc delays ran high, because
of the time required for requesting, transcribing, and issuing the
complete clearance for each flight, It was believed that a number of
factors already prescnt in the local traffic systam would make this
procedure unnecessary, These factors included:

a, Direect air/ground ARTC comminications facilitics.

bs An unusually large block of airspace under approach
control jurisdiction.

ce A multaplicity of radio fixes within this block,
suitable for use as initial clearance limats for
departures.

Making use of the factors, a very simple departurc procedure was
established, Alrcraft texiing cut for takeoff were glven IFR clearance
to one of the clearance limits shown an Figs 2,. at the top altitude
available in the approach control sector. Normally this altitude was
LOOO feet., If this altitude was alrcady in use, 3000 feet would be
specified 1f available; 2000 feet was usoed only in rare occasilons to
got an aircraft started on its way, when it was certain that a higher
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level would become available within the noxt few mirutes.

As soon as the aircraft was off the ground, the tower issued
the following data to the Center:

Aircraft identafacation
Bstimate at elearanco limt
Altitudec

As soon as practicable, the aireraft was changed to ARTC frequency %o
receive air routc clearance darect from the Centere The flight remained
posted on the approach control flight progress board until information
was received from radar, or from the Center, that the aireraft had
vacsted the approach control sector.

By elimnating lengthy interphone conversations, as well as
the transcription and transmission of long ¢learances prior to takeoff,
this proeccdure reduced departurc delays and approach control werk load
appreclably. During these tests, the new procedurc worked satisfactorily
from the ARTC standpoint. It was as easy to aintegrate a departure wath
other 4ARTC traffic on the basis of an estimate at ths 1mitial clearance
limit, as 1t would have been on the basis of an estimated departurc time.
Because of the size of the approaech control sector, cach pilot had plenty
of time in which to secure his ARTC clearance before he reached s
imitial clearance limit,

2+ Elimination of Shuttle Traffic,

A rather obvious, though drastic, method of solving the most
critical traffic problem in the Fort Worth-Dallas terminal area would
be to eliminate routine shuttle operations altogether. Some 1dea of
the effeets of such a policy can be obtained from Fige 21, which showus
the results of comparative tcsts on Samples 2 and 24, Although the
same number of airline sezts to and from the tcrmnal area were stall
available, thoorctically, the climination of the shuttle flights from
Sample 2 to form Sample 24 reduced the number of aircraft operations
by one-half, and reduced aircraft delays by two-thirds.

3s Choice of Approach Runways.

&+ Southerly Lanuing Operationsr One consideration in this
study was te sct up a system which would allow instrument
approaches to be made in at least two directions at each
major airport. For southerly operations, masting facili-
ties dictate approach directions as follows:

Primary

darport  Approach Landaing

Aid Direction
Carswoll GCA South
Mcacham IIs South
Carter 115 Southeast
Love IIS Southeast
Hensley GCA South

OCA Southeast
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In 211 tests, Hensley arraivals were handled an the Cartor approach
sequence, Both south and southeast approaches to Hensley were samue
lated. For south approaches, Hensley arrivals proceeded inbound to
the Carter cuter or middle marker, where they were turned on basc leg
and vectored into the final approach course, for precision airport
radar (PAR) approach by Hensley GCA. For southeast approaches, such
airecraft were released to Hensley GCA when over the Carter middle
marker, for straight-in approach to Runway 13, These procedures are
shown in Fige. 22» All procodurces worked satisfactorily. However,
from the air traffic control standpoint, the southeast approach was
prefcrable for the following reasons:

1. It reguired loss controller work loada
2. It was completed more quickly.

3¢ The aircraft remained clear of the area betwecn Carter
and Lovc Fields. This was especially desirable uhen
shuttle flaights were in progress.

The disadvantage to the southeast approach xs that Runway 13 1s only
5200 fect long, while Runway 17 (the south runway) i1s 7500 feet long.
For this rcason, a south approach would be preferable sometimes from
the flight safety standpoint.

be HNortherly Landing Operations: For northerly operations,
existing facilities allow a somewhat waider choicc of
landing directions, as follows:

Primary Landing
Airport Approach Direction
Aid
Carawecll GCA North
Meacham I1IS (Back- Worth
course)
Carter I1S (Back Northwest
course)
ADF# North
Love I1S (Back Northwest
course)
ADF North
Hensley GCA North
GCA Northwest

# Or VAR, 1f proposed facility installed at Webb.

Various combinetions of thesc approach directions were tested. It was
found that north, rather than northwest, approaches wore preferable at
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Carter and Hensley, for the following rcasong:

1., Aircraft were not holding over Hensley Field; this samplified
the radar picturce when approaches to Hensley were 1n progress
and facilitat.d similtancous approaches to Carter and Hensley.

2, Hensley arrivals landed on thc longest runway avallable.

In using tris procedurc, Carter arrivals uscd Grand Prairie as the approach
fix, Henslcy arrivals used eithcr Grand Prairic or Webb, and rere vectored
to the final approach coursc for PAR approach to Runway 35.

Worth approaches worked satisfactorily for Love Field, using
the Dallas fan as thc approach fix. However, northwest approaches
appeared slightly more preferable for the following reasons:

1, Back-course IIS navigational guidance should be somewhat
more ptocisc than back-bearing ADF guidance from the Dallas
LF range station,

2. Love ficld arrivals remained well clcar of Henslcy traffice

The Rose Avenue interscetion has been unsatisfactory as an approach fix
for northwcst approaches i1n the past because of 1ts proxamity to Love
Field. Ther.fore, 1t 16 recomiended that a fan marker and/or (preferably)
a compass loecator bie installed on the Dallas localizer course, 1n the
vicinity of Feir Park, for this purposcs This facility is shown 1n Fige e

L. Configuration of V(R Facilities.
One objective f the simulation program was to dcborminc the
best location for:

a. The Port Worth VCR, whxch had unsatisfactory operational
characteristics at i1ts present site, and was slated for
rclocaticn.

be Onc proposcd new VCR facility for the terminal arca.
In detcrmining the optimum locations for thesc radio aids, it
wag desired to sct up an arrangement of VHF navigational aids which

woulds

a. Provade dual airways to pcrmit two-tay traffic on all
important routes.

b. Provide a mecans of by-passing "ovor' traffic around tho
immediate approach and holding arcas.

¢~ Provide an expeditious penetration and approach pattern
for jet aircraft,
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In setting up various possible arrangements of facilities,
consideration was also given to the possible relocation of the Dallas
VCR, Besides the Highland Park site previously described in this report,
a site at Forney, and another seven miles northeast of Forney also were
testeds It was finally determined that neither of these sites offered
enough operational advantages over the present Dallas VOR site to justify
moving this facility.

Three different proposed sites were tested for the Fort Worth
VOR. They were all in the area north-northwest of Carswell Field. The
s1te which appeared to be most suitable from the air traffic control
standpoant was near Boyd, Texas, as shown 1n Fige. lle It was far enough
north to form an east-west by-pass route clear of the holding airspace
reservations at Carter and Dallas outer markers. It was far enough west
to permll independent route operations clear of the relocated Amber l air-
way (north course of Fort Worth IF range station). It also formed a
convenient clearance limit, in lieu of the Haslet marker, for aircraft
1nbound to Carswell Field. Jet aircraft inbound to Carswell could cross
Beyd at about 10,000 feet MSL for a straight-in GCA approach,

The proposed new VCR facility was simulated at a site near
Webb, Texas. This site, which is shown in Fig. 11, is about eight miles
south of the Grand Prairie marker, and in line with the north-south runway
at Carter Field. The proposed site worked out very satisfactorily in the
simulation tests, It provided the terminal area with:

2. A southerly by-pass route for east-west traffic.
bs A VCR approach course for north landings at Carter Field.

ce A comvenient route, independent of Carswell and lMeacham
traffie, for southbound departures from Carter Field.

de A radio fix for jet penetration and GCA pickup, for
approaches to Hensley or Carter. Tests showed that this
Jet approach path required considerably less time and
controllier workload than the one presently prescribed.

It should be emphasized that the VOR sites mentioned in this
section were chosen from the traffic control standpoint, and not from
the electronic standpoint; as the simulator 1s not equipped to evaluate
the electronic characteristics of various VOR locations. Either of the
recommended sites could be moved & mle or two without eppreciably
changing the traffic flow characteristics of the system.

Figure 11 shows the by-pass routecs which were possible wa th
the recommended configuration of YR facilitics. Simmlation tests
showed that these routes were very useful in eliminating conflictions
between "over" traffic and holding traffic. The by-pass routes tended
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to simplify the radar display by keeping through flights clecar of the
area normally used for radar vectoring, This reduced controller work
load appreciably.,

As shown in Fig., 23, these routes provided a set of outer
clearance limits for the jurisdictional changeover and radar identifi-
cation of arrivals., DBetween these points and the airport, arrivals
were on & flight path which was clear of all other aireraft except
others bound for the same airporte This independznt area was large
enough to permit the approach controller to get most of his arrivang
trafflc an proper sequence before it reached tho holding fix.

VOR departurs routes arc shown in Fig., 24, The peripheral
by-pass routes were sufficiently distant from the airport that a
departure could elimb 4o an altitude above the approach control sectors
before rapching the airway, This served to reducs coordination between
agencies in rmany cases. For example, an east-bound flight from Meacham
formerly requircd coordination between Carter approach control, Dallas
approach control, and the Fort Worth ARTC Center. Using the by-pass
route, thc departurc would require coordination only betwesn Carter
approach coentrol and the Fort Worth Center.

5. Operatiocn of Jet Aircraft.

Figure 25 shows the jet approach procedure presently authorized
for Hensley Field, This procedure requires the jet =ireraft to descend
to 2000 feet on an outbound heading and proceed all the way back to the
range station at that altitude. Each ap.roach requires coordination
between Dallas epproach control and Carter approach control, and tempor-
arily ties up traffic at Dallas, Carter, and Hensley Ficldsa

Figurc 25 also shows a proposed jet approach procedure which
utilizes Grand Prairie as the penetration and approach fix, This pro-
cedurc 1s considerably shorter than the one presently authorized,
Normally, it would not require coordination with Dallas approach control,
nor would 1t affect operations in progress at Love Fields

As previously indicated in this report, one reason for choosing
the Webb site for the proposed additional VOR facility was te provide
convenient VHF navigational guidance for jet approaches to Hensley and
Carter Ficldss Simlation tests showed that this VOR procedure, which
1s shown in Fig. 26 worked very satisfactorilye

Figure 27 shows the present jet approach procedure authorized
for Carswell Fielde This 1s an ADF procedurc bascd on the use of the
Fort Worth LF range and the Haslet H facility. As Haslet serves no other
useful purpose in the proposed system, it 1s recommended that another
Jet approacn proccdurc be adopted, and that Haslet be decommissioned so
that 1ts components can be used elsewhere., Figure 27 shows a recom-
mendsd jet approach procedure using the proposcd Boyd VOR, Aarcraft
would degecend, 1in the holding pattern if necessary, to cross Boyd at
about 10,000 fcet for a straight-in GCA approach to Carswell,
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CONCLUSIONS

1, Consolidation of Meacham and Carter Approach Control will reduce
coordination work load.

2. The most ecritical IFR traffic problem 1n the Fort Worth-Dellas
area 1s the operation of shuttle flights between Carter and Love Ficlds.,
Use of standard shuttle procedures as developed during this simulatlon
program will reduce shuttle fly:ng timc, aircraft delays, and controller
work load.

3. No advantage 13 gained by clearing shuttlc flaghts above 4000
feot MSL 1n the Fort Worth-=Dallas terminal arca.

4o Reduction of approach control sector ceilings fram 5000 to
4000 fect MSL should reoduce descent delays and result in a satisfactory
operating arrangcment.

S5« As shown in Fig. 28, uso of adequatc radar procedures by Love
and Carter Approach Control should reduce aircraft delays by approxi-
matecly two-tlirde for equivalent traffic loads.

6. Usc of frecze control for shuttle flights is a potent source
of alreraft delays., This procedurc will become unnecessary whon
standard shuttlc proceaurcs or radar control 1s adopted in the Fort
dorth-Dallas terminal area.

T« The csteblishment of offset holding fixes for Love and Cartcr
Ficlds 1s not justified at this time. Usc of ILS outer locators as
primary holding fixes for Love and Carter Fields provides more sccurate
spacing of approach intcrvals than can be obtained through use of
Coppell and Haslet. Similarly, usc of Dallas fan marker (with one-
mnute right-hand pattern) is far superior to the usc of Duncanvilie
as the primary helding fix for north approaches to Love Fiold; the
southbound departurc route via Whitc Rock and Trinlty Fork works out
satisfactorily in this casc.

8. Usec of short clearance limits for departure flights is
particularly woll adapted t the Fort Worth Dallas terminal area, duo
to the large amount of airspace under approach control jurisdiction.
This departurc procedure tends to reduce approach control workload,
es wcll as delay to departang aircraft, No adverse effects on air
route traffic control were noted during extensive simulation tests
of this procedures

9« Comparative tcsts of north and northwest landing operaticns
at Love and Carter Fields produced relatively little daffeorence in
traffic delays, However, other factors in the configuration of
terminal area facilities may make 1t preferable to land Carter and
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Hensley approaches north rather than northwest, and Love approaches
northwest rather than north. Installetion of a fan marker and/or
campass locator at Fair Park would facilitate northwest approaches
to Love Field,

10. Relecation of the Fort Worth VR to a siloe ncar Boyd, and
installation of a proposcd new VOR a2t a sitc near Webb would, in
conjunction with the present Dallas VCR, set up a very useful arrange-
ment of dual VHF airways which would by-pass the terminal arca and
simplify both terminal arcz and en routc control operations. The
resulting rovte layout would stall be compatible with the present LF
system as long as the latter remains i1n usae,

1l. Usc of the Grand Prairie H facility as the radio fix for
Jet approaches to Hensley or Carter Fields appears prefcorable to the
use of the Dallas LF range for this purposecs

12. Tests andicate that thc proposed Webb VOR would rake a
satisfactory VHF radio aid for et approaches to Hensley or Carter
Fields,

13« A policy restricting routinc IFR shuttle operations could
be cxpected to double thc capacity of the Fort Worth-Dallas terminal
area for handling long-range traffic opcrationse.

14. Tests 1ndicate that coordination work load could be greatly
reduced if traffic could be handled by a team of a2pproach controllers
and cn route controllers working from a common radar displays. Implementa-
tion of such a system will dcpend on the deveclopment of improved radar
gquipment, including a suatable horizontal plotting s cope which would
permit pertinent control data to coincide wath the posation of the
various aircraft targets., The simplification of control work load
possible wrth such a display tends to reoduec aireraft d elays and to
provide a large increase in terminal arca traffic capacitye.

RECOMHENDATIONS

The recommendations in this scection are arrangad to form a
suggested step-by-stop plan for incrcasing the traffic capacity of tho
Fort Worth-Dallas termainal area,

Group A-~Procedural Changes,
l. Combine Moacham and Carter approach control functions at Cartors

2. Change pramary holding fixes from Haslet to Fort Worth outer
mzrker, and from Coppell to Dallas outer marker, Bstablish a one-minute
holding pattern at each fix.

3« For north approaches to Lovc Field, changc primary holding fix
from Duncanville to Dallas fan marker. Usc onc-minute raght-hand pattern
at Dallas fan, routing southbound Dallas departures via White Rock or
Wilmer,
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L. Adopt standerd shuttle procedures as described in Sectlon
III-A-l and IIT-B-2 of this rcport. Discontinuc usc of freeze control
for shuttle flightg,

5« Lower approach control scctor ceilings from 5000 to LOOO faet
MSl.

6« Adopt short elearance limit proceduro for departures, as
deseraibed in Sectacn III-C-1 of this report.

7T« Change jct letdown from Dallas range to Grand Prairic marker,
as shown 1n Fig. 25,

Group B--Facility Changcsa.

le Proceed wath the installation of airport suwrveillancc radar
at Love and Cartor Fields. Change standard IFR room layout slightly
to provide tho approach controller with small flight progress boards
adjacent to the radar scopcs. Install tri-chromatie 1light fixturcs with
amber scope filters, to provide adequate ambient rcom lighting without
debasing the radar picturce

2. Move Fort Worth VCR to new site near Boyd, as shown in Fige, 27,
Establish this fix as pramery clearance limit for Carswell arrivals, in
place of Haslet,

3« Move Fort Worth maddle locator to outcr marker site,

ba Dcecommission Haslet; move H facility to Reservoir as showm in
Fige 7, move fan marker to Fair Park as shown in Fig. e

S5+ Install proposcd new VOR at site near obb, to ostablish dual
VOR routes as shown in Fig, 11 and a new VCR jet approach procedure as
shown 1n Fig. 26.

Group C--Miscellancous Changes

1, Because this project has uncovercd many other mcthods of
boosting terminal arca traffic capacity, a policy of restricting or
eliminating IFR shuttlc flights may not be necessary at this time.
However, 1f traffic demand contimues to rise to the point where the
improved system cannct handle i1t adequately, the ¢limination of
routine shuttle operations by fixed-wing aireraft would be an im-
portant mecans of increcasing the ability of the system to accommodate
traffic from outside the terminal area,

2¢ Because of the very extensive simplification of controller work
load provaded by thc en routc-approach control tecam concept for handling
traffie operations in tcrminal areas as complicated as Fert Worth-~-Dallas,
1t 1s recommended that immediate steps be taken for the devoclopment and
procurement of suiltablo norizontal redar displays for this purposce
Future planning for such areas should be directed toward the combination
of all eon route and approach control functions an a single room, with
controllers working as a team around 2 common pictoriel display.
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