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DYNAMIC-SII~ilJL4TION TETS OF SEV?BAL 
WIG COIITROL SYSTZG FOR TKE 
FORTX'XTH-m TZU'lINALhREA 

This report describes the evaluation of several proposed 
methods for improving the flow of air traffx in the Fort 'lorth- 
Dallastermlnalarea. Tine lnvestlgation was conducted at the Tech- 
nxal Development and i%aluatlon Ccntcr through the use of the 
dynamx aFr traffic control slnv.Utor. 

Tests simulated tho opcratlon of the Fort Worth and Dallas 
Air Route Traffx Control sectors simultaneously rnth the operation 
of approach control for the flv2 major alrports In the area. Com- 
paratlve tests comprlsmg 2800 alrcraft operations wore made, worth 
and without radar, at traffx loads up to 55 psr cent higher than the 
proscntly cncountcred traffic peaks, These tests pointed out scvcral 
m&hods of slmpllfylng thr! control of the most dtifxult local traffic 
problem; namely, the operation of shuttle flights between Carter and 
Love Fields. Other tests showed that the flow of tcrmanal arca and 
en route trefflc could bc lmproved considerably by the relocation of 
certain ratio alds to establish additional lndependont flxght routes 
and new Jet approach procedures. 

Recommcndatlons Include a step-by-stop plan for the ample- 
mentatlon of various changes to take car-c of future increases UI traffic 
demand. 

IN7EODUCTION 

The new axrport known as Amon Carter Field was orqinally 
plannod as a joint Fort Worth-Dallas terminal airport, and was 
located slightly cast of the midpoint between tho twc cities. As 
originally concelvod, the idea of a sxngle airlrne turrmnal serving 
both citlcs was intendsd to s~@.Uy tho local air traffic problem 
by eliminating tha nccesslty for scparato stops at each city, However, 
actlw support of the jomt airport Idea was mthdrawn by Dallas 
lntercsts before the now airport was completed. 

When Amon Carter FL&d was cormaissionsd in tho spnng of 
1953, scheduled Fort Worth air carrier operations wae transforrcd 
frcsn Kcacham Field to the new airport. Howavcr, bocausc of legal 
and polltxal reasons sustained by Dallas civx pride, air carriers 
wore still requlrLd to furnish scrvxce to Love Flcld. Thus thclccal 
traffic problw was not simplFficd aftor all. Instoad, the now 
sltuatlon mado thd problem cvtin more ccmploc, because a;Lr carriers 
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had to serve tuc major t-s which were only 12 miles apart, in- 
stead of 33 &es as before. The rosnltlng congestion greatly in- 
creased trafflr: delays during IFR (Instrument Flight Rules) conditions. 
Shuttle operations became a major problem. During IFR conditions, 
shuttles somotlmos took as long as an hour and a quarter to make the 
12-rmlo trip, being forccd up to altitudes as high as 7Doo foet during 
the process. 

Besides Amon Carter and Love Field, the local terndnal area 
includes three other major airportsa Hensloy Field (Navy), Carswell 
Flold (AFT Forces), and Meacham Flcld (Murmcipal). IFR traffic 
operations arc handled oy three approach control towersa Love, Amon 
Carter, and Mea&am. These hgoncies control all IFR altitude levels 
up to .5,0(X feet IBL inclusive. AtAudos of 6,000 foot and above arc 
controlled by tho Fort Worth Air Route Traffic Control Centor. With 
this arrangement, coortinatlon between the various air traffic control 
agencies bocomcs a major bottleneck to EX traffx flow. For oxample, 
westbound flights from Love Flold or eastbound flights from Moacham 
may require coordination between all four agencies bcforo takeoff. 

In the fall of 1953, the Office of Fedora1 Airways requested 
the Technical Development and fsbluatlon Center to con&& a study of 
the Fort Worth-Dallas traffx problem. Two 'IDE air traffx control 
spxlallsts spent several days at Fort 'lorth and Dallas, conferring 
mth rcgzonal adrways operations pcrsonncl and gathormg first-hand 
data on the problems. Subsequently, one air traffic control specialist 
from the Dallas (Love Keld) alrport traffx control tower and another 
from the Fort Uorth air route traffic control certcr wore detailed to 
TDEC to assist ln settmg up and conducting the simulation tests. 

Tho primary objective of the simulation program was to develop 
methods of mcreasing tho m traffx capacity of the terminal area. 
Consideration was given to the follouFng specific itomsr 

1. Slmpllficatlon of flight paths to remove as many built-in 
bottlenecks a6 possible. 

2. Simpliflcatlon of control procodurcs to reduce tho amount of 
coordination botwccn agencies and to minimize the amount of controller 
work load por alrcraft operation. 

3. Dovclopmcnt of procedures which uould scrvc at least two 
directions of opcratlon at each major airport, and which would continua 
to function satisfactorily In tho ovont of partial or complete radar 
failure. 

4. Evaluation of various arrangomonts of radar equipment, includ3ng 
6cparat.c surveillance radars at Love and Amon Carter, as well as ccunblnal 
area operations from a slnglf facility. 
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5. Investigation of the effect of certain changes XI tho arrango- 
mcnt of tcrmlnal arca navlgatlon faclllttlos. Changes included the 
proposed rclocatlon of ths Fort Worth VCR, the 0stabLshmont of an 
additional VW, and the possibl0 rclocatlon of certain H facltitlcs and 
fan markers in order to accomplish the objcctivos of items 1, 2, and 3 
above. 

Sl3lULTION MZTHOIls 

Traffic Samples. 
.~bbr~iztlons used 111 traffic samples arc Lstod in Table I. 

Flight progress strips were obtained from the Fort 'Jorth Center, Love 
tower, and -onon Carter tower, to cover a recent typxal day of D% 
operations. These records were analyzed to determine the period of 
heavxst traffic flow 111 the Fort Xorth-Dallas Terrmnal tirea. LA 2-l/2 
hour peak perlod, extending from approximately 0833 to llO0 CST, was 
selected to form the input for the first traffic problem tested. 
Details of this actual traffic sample, lmown as Sample 1, are listed 
in Table II. 

Sample 1 had a traffic density of only 33 operations per hour 
for the entire tcramnal area. 'Ihen run through the smulator, this das 
haray enough traffic to load the system to the point wnere system 
bottlenecks became apparent. Therefore, a number of additional aircraft, 
comprising 18 operations, were added to the original sample. The new 
sample, known as Ssmple 2, is detailed in Table III. 

While testing various shuttlo procedures, It became deslrabla 
to have a somewhat shorter sample uxth a fairly high density of shttle 
flights. For this purpose, the last part of Sample 2 was dropped; the 
first 61 flights of Sample 2, including 17 shuttle flights, were used. 
This sample was knarn as Sample 28. 

In order to dmnonstrate how the traffic problan could be sim- 
plificd If shuttle flights were ollrmnatsd, another sample was constructed 
by omitting all shuttles from Sample 2. The resulting sample was bown 
as Sample 2 d. 

One consideration in running these smlation tests was to 
obtain a maximum amount of slwficant information about tho flow 
characteristics of the various systcsns in a minimum numbor of rorking 
hours. Slnca potential bottlenecks arc not as apparent m light traffx 
conditions, it was desirable to test the various systms XI sustained 
heavy traffic. In order to maintain a hcavler traffic density through- 
out the test pcrlod, a number of flights comprising 25 operations were 
addod to the lzghter periods of Sample 2. The n0w sample, known as 
Sample 3, 1s d&ailed in Table IV, 

The actual traffic sample obtained from tho original flight 
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progress stnps contau-icd e number of flights whxh passed through the 
tmmmal arca without lanting. Theso flights were run through the sYSta 
whmevor tho Fort :lorth Centor was stilatod 111 the tests to buld up 
the ccntor sector work loads to a reasonable flyra, Details of these 
flights arr llstod U-I Table V. 

To tost the feasibility of proposad Jet letdown and doparturc 
proccdurcs, suveral jot flqhts were inserted into Sample 3. D&ails 
of these entrlcs are llstod in Table VI. 



ii - A.mmlcan i.irlmcs 
:bF - idr Force 
2.J - Contra1 A,ulmos 
D - Delta tilrlx-~es 
PIA - Plonczr -.lrllnos 
TT - Trans-Texas .'Alrlmcs 
V - Navy 
X - Clvillan 

OPRATICNS 

i - dr1val 
D - DLzarturc 
s - Shuttle 

Legad for ~11 Traffic Samples 

ARCRAFT TYPE ATI CH&XTLQIISTICS 

s - Slow 180 1.50 120 500 
M - ~f0ddlm 243 150 vlo la00 
F - Fast 290 220 19 kOO0 
J - Jet 403 290 180 3m 

LB1 
2Q 
..CF 
AT 
d”G 
m 
Aus 
BLD 
BVD 
DA 
El&l 
ELP 
Ew 
FNP 
FRS 
FT?J 
Fm 
GVT 
HNY 
HOU 
ICH 
JUS 
LIX 
LG. 
LIT 
M‘J? 
MT? 
MKC 
MSY 
OKC 
FAX 
Rsw 
SW 
il223 
Mm 
IiYL 

From/Tar 

Abllcna, Texas 
Llbuquorque, New Moxlco 
~mon Cartor Field 
Waco, Tcws 
Amarillo, Tczas 
.dxlmoro, Oklahoma 
,iustA.n, Toxas 
Barksdalc Zield, Lcuslana 
Brownwood, Toxas 
Love Fwld 
Little Elm, Texas 
Elpaso, Texas 
Evansville, Indiana 
Forncy, To:as 
Fort Iiorth Range Station 
Mcncham Field 
Carswoll Fiald 
Grccnvillc, Texas 
Hcnslcy Field 
Houston, Texas 
Wzhlta Falls, Texas 
Justm, Texas 
Los ~gclos, California 
LaGuardia Arport, NCW York 
Little Rock, i.rkasas 
MuLland, Texas 
bfdhd.lo, New Jcrscy 
Kansas City, Hi~souri 
Now Orloans 
Oklahoma City, Oklahoma 
Paris, Texas 
Roswcll, New Noxxo 
Shrovcport, Lou~sune 
:fcbb, Texas 
Ilaxahachlc, Texas 
Wylie, Texas 
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TABLE11 

SAMPLE1 

ilRCRAFT 
mmTIF1 
:ATION 

PA61 
X57B 
id00 
kJ32 
X7996 
al842 
-499 
B21 
B25 
B569 
Am3008 

i%:74 
1.222 
B803 
6532 
JXQB 
hFl82O 
X5LD 
dU.40 
X2916B 
x22T 
B28B 

$2 
hi41 
B-a 
B28 
B747 
k.F8018 
LF8780 

s 
S 
F 
s 
S 
M 
M 
M 
F 
F 
S 
S 
S 
F 
F 

F" 
S 
S 
M 
S 
S 
M 
M 
S 
M 
F 
M 
F 
S 
S 

A 
D 
S 
s 
A 
.A 
L 
D 
D 
D 
D 
D 
:. 
s 
D 
S 
D 
D 
D 
JL 
D 
S 
S 
S 
1. 
D 
D 
I* 
D 
S 
i 

FIX 
FROM 

TEE 

W-2 
083B 
08Ll 
0842 
0842 

Fig 
0849 
O&52 
OS54 
0858 
091 
0902 
OYQ3 
WQ8 
Opo9 
0903 
0918 
0920 
0920 
0924 
0926 
0927 
0929 
0932 
3936 

g; 

$2 
3946 

To 

l!a 
OKC 
DAL 
ACF 
DALI 
IhI 
Di*L 
Aus 
HOU 
iRD 
ELP 
ELP 
ni.L 
Iz*L 
HOU 
IL,L 
MSY 
LIL 
m-v 
FTli 
HOiJ 
DAL 
J.CF 
DI.L 
..CF 
Lx 
MXC 
UL 
OKC 
LL.L 
FWI 

.IRCRkFT 
DENTIFI- 
ILTION 

B94 
Bl5 
Tti2 
do0 
1.~32 
D310 
d2400 
PA42 
B28B 
:dw?o6 
~$4246 
499 
ALlo2 
:a521 
Pic61 
TT.42 

Z94 
D307 
a5 
B678 
t.484 
dll 
B325 
m& 

a99 
Pu61 
Trkl 
X7996 
3 7 
$002 

M 
M 
S 
F 
S 
S 
F 
S 
M 
S 
I4 
M 
M 
S 
S 
S 
S 
S 
s 
M 
M 
I? 
F 
M 
S 
M 
M 
S 
S 
5 

i - 

D 
S 
ii 
D 
D 
D 
D 
S 
D 
D 
1. 
S 
S 
I, 
S 
S 
D 
S 

; 
D 
D 
D 
D 
A. 
D 
D 
L) 
il 
3 

L 

DAL 0952 
DAL 09% 
Ins 0956 
DAL 0958 
DAL 1005 
TILL 1007 
Fm 1008 
acF lea 
.SiF loll 
DYL 1013 
Irn I.012 
D!.L 1016 
,cF 1017 

E 1020 1021 
,.CF 1024 
F-l-I 1024 
DIAL 1025 
FNY lOjo 
ACF 1031 
D4.L 1032 
ELL 103.5 
..CF 1036 
D..L 1040 
FNY 104l 
DUL 1048 
LCF 1053 
,CF 1058 
t.CF ILL00 
ih.L 1103 
3.L llo 
DAL llo i; 

TO 

AM 
t.CF 
hCF 
Ia 
Pm 
SW 

n;I 
,,CF 
!.CF 
a.1 
ELI 
,.CF 
ILI 
XI 
OKC 



TABLE III 

AIRCWiFT 
IDE-TmI 
ChTICN 

Pii 
X57B 
Al00 
AJ32 
X7996 
B30 
L81r2 
1.499 
B21 
B25 
a9 
t479 
:.F8008 
s167h 
TT50 
A222 
B403 
1.532 
D908 
.iUK!O 

!gO 
‘3X40 
1~655 
X916B 
x9000 
X22T 
B28B 
B&JO 
ih84 

2;; 1 
1~800 
1.841 
pkL2 
B20 
B28 
B747 

S ID 
s 
F; 
F D 
5 s 
F D 
5 D 
I'I s 
S D 
M i, 
M k 
S D 
S A 
s s 
M S 
F 
M G 
F s 
S L 
F 1, 
M D 
F h 
F D 
M I. 
F D 

,- 

i- 

DeL;ls of Sa 

s& -- 
F 
FIX 

?4xE 
FTM 
ACF 
ml 
IM 
bx3 
Jus 
ELM 
DhL 
?Z.L 
IACF 
Em 
HXY 
IWH 
FNY 
IiCF 
D4.L 
z,CF 
ILL 
HNY 
I&L 
FlV 
JSH 
'JYTd 
IL&L 
PLO 
FTi 
Dl.L 
JUS 
r&F 
aLL 
ES 
FNY 
Z.L 
FRS 
DLL 
:KE 
3rhL 

0832 
0838 

",fi: 
oe42 
0845 
0046 
0852 
0849 
0852 
0854 
0856 
08.56 
ago1 
0902 
0903 
0908 
Ogo9 
0913 
OYlE 
0920 
0920 
0919 
0921 
0924 
0925 
0926 
0927 
0928 
0929 
0930 
0932 
0935 
0936 
0939 
0940 
0943 
0944 

.e 2, 2A, and 25 . 

53 
TO'! 

0 

WE 
FT!4 

I&L 
oii 

'EL 
'i-m 
JUS 
l3I.M 

z 
iCF 
ELM 
HNY 
F!RI 
FNY 

0842 

:% 
0852 
0649 
0852 
0854 
08.56 
0656 
0901 
0902 

DkL 
Iz:L 
ILlL 
D1.L 
kUS 
HOU 
XJM 
DLL 
izLP 
fm 
Ik.L 

D‘&L 
&F 

iii 
DkL 
FTW 
JSH 
hm., 
ni-L 
PLO 

W6 
0909 
0913 
0918 
0920 
0920 
0919 
0921 
0924 
0925 

HOU 

WY 
r&ML 

mv 
FTIi 
ACF 
HW 
HNY 

Di,L 0927 TCH 
Jus 0928 Dl.L 
dT 0929 CKC 
DkL 093 hCT 
FRS 0942 I.CF 
FKK 0935 E&L 
il.L 0936 LAX 
FRS 0939 kCF 
Z&L 0940 CKC 
ME 0943 3.L 
&AL 0944 OKC 

TO 

- 



~532 
3313 
~2439 
Lh2 
479 
~29~ 
R.62 
1~806 
04246 
a99 
&u2 
11521 
E.61 

* TTL2 
AF99h 
TTkl 
Ajzu7 
Bl5 
B678 
d~31r 
i,ul 
B325 
3125x 
xl645 
Pi.62 
Ah99 

PA61 
l-r41 

x7994 

s 
S 
S 
M 
M 
S 
F 
w 
F 
S 
S 
F 
s 
F 
M 
F 
S 
M 
M 
M 
S 
S 
S 
S 
S 
S 
M 
M 
M 
F 
M 
S 
M 
F 
M 

- 
5 
S 

- 
S 

- 

-__ 
FnlT 
FNY 
FNr 
-AL 
DAL 
FRS 
XL 
i.CF 
,'.CF 
AL 
XL 
FIJH 
..CF 
,.CF 
XF 
IACT 
XAL 
XV 
7;iL 
LCF 
Jus 
ZlAL 
A!F 
FUR 
'XL 
FNY 
,CF 
XL 
LL 
i&F 
XL 
FNY 
XL 
ILLL 
i,CF 

ACF- 
AF 

XL 

C9k5 
09lr6 
09h8 
5952 
09% 
a956 
0958 
1333 
1333 
1335 
1m7 
1')')8 
lSO8 
1313 
1311 
1312 
1013 
X27 
1016 
$117 
132) 
1321 
1~24 
lU2l4 
1325 
133 
lJ31 
lJ32 
1035 

E$ 
>A1 
l&S 
lJ53 
1353 

1358 
ll.53 

1113 

8 

XL 
Fit-l 
HNY 
J.MLi 
rCF 
hCF 

E 
SAT 
ELK 
SHV 
Ros 
kiL 
XT 
ICH 
-li,L 
:.EQ 
FTIH 
i&F 
XL 
..CF 
I.CF 
‘IfL 
&J 
AT 
AL 
ACT 
OKC 
OKC 
ELP 
HCHJ 
XL 
MIV 
LCT 

- 

LBBk 
J3.f) 

I& 1 
3 

n 

FNY 
mY 
AL 
DAL 
FRS 
X.kL 
r&F 
ACF 
'L.L 
'Ii&L 
FJH 

0952 
0~56 
0956 

% 
I.033 
l”Js 

lW7 
1338 

I&F 
XL 
XV 
-!AL 
,,CF 
JUS 
h.L 

1x2 
1313 

3 
L-17 
ld2J 
lu21 

R&I 192ll 
11,L 1325 
FNY lQ3J 

XL 

i&F 
AL 
Fm 
AL 
-2J L . 

1032 

1336 
1.X43 
l&l lJh8 
1J52 

-XL 

Flm 
Hm 
ANL 
XT 
ACF 
LJX 
OKC 
SAT 
m 
SHV 
RC6 

r&CT 
..Kl 
FUH 
MLF 
LIT 
,,CF 
,,Bl 

Bid 
Bw 
-kL 

OKC 

KLP 
HOU 
2.L 
MIV 
hCT 

lllJ B!D 

l.lJ3 i&L4 I 
9 Sample 2S mcluded all Sample 2 traffx down to this pomt only 

I 
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SdPLE 3 

ILCFT 
nm 1 

s 
S 

: 
S 
S 
M 
M 
M 
M 
F 
F 
F 
S 
S 

F” 
F 
F 

i 
S 
M 
S 
M 
F 
S 
S 
S 
II 
F 
M 
F 
S 
F 
M 
F 
F 

M” 
F 
S 
S 
S 
M 
F 
M 
S 

FRON 
i!L.x rlI”L6 

UXE 
FW 
FTW 
FTd 
Fl?i 
WL 
wx 
JUS 
EL&l 
Ill&L 
>iiL 
XF 
m 
HNY 
FJ4 
Fm 
ACF 
XL 
JUS 
LCF 
LL 
ANY 
XL 
F-m 
JSR 
:m 
1.L 
PLO 
FTJ 
XL 
JUS 
LCF 
.XL 
FT?i 
FTY 
IlAL 
Jm 
JUS 
DAL 
WXE 
DhL 
FTW 
FNY 
FA’Y 
DAL 
!JYL 
IL&L 
FTW 

J832 

'~835 
2838 
08% 
42 
x&2 
3845 
38h6 
3852 
3@h9 
5852 
3854 
J856 

Jo58 
3931 
&“a2 
JYJ3 
J920 
.9x 
,939 
J913 
0918 
292, 
192~ 
3922 
,921 
392k 
~924 
,926 
1927 
,928 
,929 
J9U 
3932 
,935 
0936 
0939 
OYJ9 
0940 
OYh3 

22 
09L6 
0940 
0952 
0952 
0956 
09% 

22 ’ a’J32 A 2311) 
2:L ,92b3\ 
.kL P&2 
1.L A479 
ALE N9B 
HCN PA62 
‘3M ;LF8)6 
XL .3424( 
ELP :A499 
ELP a612 
XL 11521 
-ILL A79 
HOU ~1.61 
IZ.L ml2 
XL ,299lJ 
MSY TT41 
ILMl. x31.5 
,CF 3317 
Ew 015 
FTW B67e 
ILCF d.Vl;, 
HCU i.484 
Km ~~622 
YIL ILlll 
,,CF B30 
XL B325 
L.L x25x 
LCF i.228 
I.CF xl666 
XL PA62 
LAX D315 
ACF 
DAL :g; 
MXC P&61 
DI.L 1154 
CKC TTbl 
I)iAL B41 
Fw X7996 
HNp B3b 
DL, DP7 
:CF 11402 
'ICF 
IXF 

7 
F 
F 
F 
F 
S 
s 
F 
S 
F 
b 
F 
s 
I! 
If 
E/ 
S 
F 
s 
s 
S 

g 
S 
I: 
E, 
F 
M 
S 
F 
It 
M 
S 
F 
I+ 
F 
e4 
H 
F 
S 

E 
M 
S 
M 
S 
M 

1 

1 

, 

1 
1 

1 
1 

, 

I 

1 

) 

, 

, 

, 
I 

I 

) 

1 

) 

) 

1 

) 

1 

1 

I 

, 

I 

FRO11 
FIX A 

J?58 
~JJ? 
U33 
1J33 
1015 
1717 
ma 
lSJ8 
1JlJ 
13ll 
1312 
lJ13 
1~16 
1~16 
lJl7 
lJZ?J 

1121 
1321 
1~24 
152ll 
1125 
1327 
lJ33 
1.J31 
1032 
lJ33 
1335 
1135 
1% 
lJ36 
lj43 
ldll 
13w 
13lG3 
1352 
105.0 
1053 
1054 
1058 
1058 
lloo 
u.01 
1103 
UO4 
1107 
1107 

TO 

Iill+ 
OKC 
i.CF 
SAT 
Pm 
SHV 
RaS 
1.L 

.,CT 
ICH 
XL 
a 
F.fi 
,.CF 
AL 
uCF 
-LL 
..CF 
XL 
Eil 
..CF 
LLLL 
Ji.L 
,.CT 
OKC 
‘L&L 
OKC 
HNY 
LLP 
41 
HOU 
3i.L 
XL 
MIV 
,&CT 
ACF 
tm 
I&F 
,,BI 
DL 
BID 
i&F 
I!& 
W&L 
LCF 
LIT 



da885 
* Awl234 

4LF1522 

TYPE 

M 
s 
S 
S 
S 
M 
M 
J 

lo 

T:.BI.E V 

OV8R FLIGHTS 

FIX 

JUS 
hCT 
hC T 
XT 
LT 
GVT 
aLT 
FRS 

0822 

00:x 
0910 
0956 
1016 
1033 
1045 I 

z%LTITUDE 

E: 
9000 

11000 
9000 

I.OoooO 
9000 

27000 

9 Included IA Sample 3 Runs only 

TABLE VI 

LJRLY 

2 
G5 
m-7-77 
n5 
G5 
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I 
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nFlD6.5 i& 
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WTRY 
FIX 1 TIME 1 ALTITUDE DESTIh!hTION 

NE3 oa50 20,000 Hensley NA 
UEI 0912 20,oOu Dallas 
mY 0913 40,000 ElPaso 
ilE3 1 0915 1 '23;ofJO 1 Hensley Ibis 
HNY 0927 35; 000 St. Louis 
1m 0932 20,000 Dallas 
WEB 0940 23,000 Hensley NAS 
WI2 091rl 20,003 Hensley N,.S 

! 



Measurements, 

1. Departure Delay 
For the purposes of thm study, departure delay was assumed 

to be the interval between the scheduled takeoff time as detcnnmed from 
the traffx sample, and the actual takeoff time whch was recorded on 

an Estcrllne-Angus recorder.1 

2. Arrival Dolay 
From the basx traffx input data tabulated UI the traffic 

samples, a thoorotxal approach gate or outer marker time was computed 
for ,zch arr=vLng aarcrzft. This thcorotical tlno was based on tho 
normai tlmo reqwr~wzl for tho aircraft to proceed fromth- entry fuc %O 

thL :pproach gate, assuming that no other axcraft was lnvolvcd. The 
actual srr~val tFinc of each aircraft over the approprlato approach gate 
!+ms rezordod. on the &terllnz-Angus recorder. The thoorutical gate tim 
was then subtracted from the actual gate tlmc, to dLt.urminc the delay 
to each xrriwg a-craft. Thxi fquro,thon, mcludcd g dolnys, 
whcthr caused by holdzng, descent, path stretchmg, or voloclty COn%rOl. 

3. Shuttle Delay 
From the schcdulod dcparturc time tnbulatod on the tmffx 

sample, a thzorctxal gato tlmc was conputcd for Jach shuttle flqht. 
This frgurc roproscntod tho tlmc the shuttle would bL ovm the approach 
gate Inbound, assuming that It nad &part-d on schcdulo and had bxALn 
the only axcraft in thi: approach system. Tho actual arrlml tmi. of 
the aircraft over tho approach gatL wxs rxordcd on the Estxline-Angus 
recorder. The theoriitxal gate thnc w.s than subtractid from the actual 
gctc time to doternmnc shuttle dolay. Thus figure thon ulcludcd the 
cffocts cf -11 factors, including dnlayed takeoff, tilch rmght have 
dclayLd the actual arrival. 

Tho chid rtmon for tabulntmg shuttle delays scparatcly from 
tic delays to othor arr=vxig sircraft was to SW whcth,r dcl-ys in tho 
systm mrc dlstrlbutcd cqutzbly bctrracn arrivals fron msldc and out- 
side the ttimunal arca, 

4. A & S Delay 
Arrival dolays and shuttle dolays wore avoraccd togothor m 

the tabulations, under tho t-tic of A & S (arrwal and shuttla) delay. 
Thx figure represented the avsrage delay to all lanchng acraft 111 tho 
systQn. 

5. Shuttle Flying Tune 
In view of the excessive flight time often required by shuttles 

between Amon Carter and Love Field under the ~csint system, thrs ltfm 
was recorded as another index of system pcrformancc. shutt1a flying t1?lr 
was the dlffzcncc b&ween takeoff timt and arrival time inbound over the 
approach gate (outer marker), a6 recorded for Cxrtcr-toLove and Love-to- 
Carter shuttlr flights. Actual flight tuoo from takeoff to landing would 

l TD Report #191, ADcvolopmont of a Dynamic bit- Traffx Control Stilator 
by Rxhard E. Saltor, &thur L. Grant, and lYrcy K. Vxkcrs, Oct. 1953, P. 7. 
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bc about two rmnutcs longer than the figures tabulated in this column. 

Control Agcnclcs. 
The Fort Worth-Dallas simulation program mark& the first us0 

of the air route section of the dynamx simulator. This se&Ion, manned 
by au route traffic controllers, smlatod the opcratlon of the Fort 
Worth and Dallas sectors of the Fort Worth ARTC Center. It was msumcd 
that each sLctor was cqulpped with a scpe.ratL a;Lr/ground ratio channel, 
as well ‘~3 lntcrphonc connections to all control towers, =z carrier, 
m-Llltary, and CM. comxatlons agcncxs rvlthln the area bounded by 
Waco, Mineral 'ilolls, Ardmorc, and Tyler. 

To speed up the smlatlon program, as well as to econorPiae on 
the use of pcrsonncl for these tosts, the a~ route section of the 
simulator was not used during all test runs. Instead, it was omployod 
only for tho first run of each new phase and sampI. of thu progr3m. 
Durx~g this run, controllers recorded the altltudo of each arrlvlng 
alrcraf't at the tlmc of it3 entry into thL terminal area. During 
repcat 17x13 of each phase and sample, each a-craft was carefully 
programmed to cntar the tLTrmna1 area at tho szmt altltudc at which 
It had entered during the lnztlal run of that phaso and s~unplo. As 
far as the tzrmln>l arm was concarnod, USC of this proc3durc kept 
the input to the traffic problem r3.allstx and consxtcnt, cvcn when 
the air route section was not b~:mg opcratcd, 

Certor Tower opzretions wcro smlated by one controller and 
one assl3tar.t controller, using a single 12-mch survcillancc radar 
dxplay and assoclatcd flight progress boards, The Love Field Tower 
was simulated UI the same mznnor. Each tower had an cxclus~vc air/ 
ground c ommunicatlons channel, and a dlre.9, interphone to the associated 
AFLTC sector. 

As previously noted, one of the most critical problems of 
the present systun 1s the nc3d for coordination bctwesn the four IFR 
traffx control agcnclas. Bccaus.: the actual traffic count of Sample 1 
showed that tho number of aircraft operztlons at each of the four 
western alrports (Carswell, Mcxham, Carter, and Henslay) wa3 relatively 
small, It was decided to comblne &a&am and Carter approach control and 
handlo the combmed operation from the Carter Tower. This merger, which 
rcduc3d the number of coorbating IFR agoncxes from four to three, 
uorkad 3uccsssfuUy in the Initial tests and appeared to bc a practical 
arrangcmunt even 111 worlang the hlghor dcnsitics of thu latLr traffic 
s3mplcs. 
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TESTS LND RErmLTS 

Tosts without Radar 

1, Purpose. 
Bccmsc of the limitations of present S-band rader cqulpmcnt 

in heavy precipitation, as well as the nxcssity for developing fail- 
safe procedures, a considcrablo portion of the smlation program WCS 
dovotod to the cstcblishmont of control systems uhxh could continue in 
operation without bcnLfit of a radar display. Therefore, many smulatlon 
tests were conducted completely mthout radar. Cn 3061~ radar tests, 
sudden failure of radar equipment was sxnulatod, to dctzrmine whether 
safe operations could still be mamtainod. 

2. Initial Tcsto. 
In ths initiel tests, the oxistmg layout of navigation 

faciiitics was simulated. Prcscnt operatixg procedures wcro utilized, 
mth two cxccpticns: 

a. To reduce the number of coor&.n.atmg agcncics, Cartor 
and Mea&am approach control were combined, carter 
approach control had jurisdiction over IFR operations 
at Carswcll, ?4oachcm, Hcnsley and Cartor Fislds. 

b. In line mth previous slmulntion studxs,2 whxh had 
cstablishcd the desirability for keeping final approach 
paths as short as practicable, IlS outer markers were 
utilized as the primary holbng fixes for Mcacham and 
Love Fields, in place of Haslet and Coppell, respectively. 
For the samo reason, the Dallas fan marker was used 
insteaa of Duncsnv~llo, for north approaches to Love 
Field. 

Arrival routes used in these tests are shown in Fig, 1. Departure 
routes arc shown in Fig. 2. Even at the low lcvcl of traffic in tests 
of Semplo 1, it was apparent that the coordination necessary in clearing 
westbound traffic from Love Field, or castbound traffic from tither of 
the other airports, could get quit2 involved at times. 

3. Sector Altitude Boundaries. 
At the present time, the approach control sectors in the Fort 

Worth-Dsllas terminal area include all auspaco up to and lncludlng 5,000 
feat MSL. Altitudes above this level are controlled by the Fort Worth 
ARTC Ccntor. This arrangemznt was followed III the initial stilation 
tests. However, it soon bccamc apparent that a rcyIsion to the approach 
control sector boundary would bu desirable. 

2 Application of Simulation Techniques in the Study of Tcrmsnalhres Air 
Traffic Control Robloms, TD Report No. 192, by C. M. Anderson and T. K. 
VickLrs, November 19.53, sco P. 7. 



It rnll bc noted from Sample 1 that shuttlo flights bctuccn 
airports in the Fort IJorth-Dallas terminal area make up almost half of 
the total takeoffs and lanchngs. Initial simulctlon tests Indicated 
that the handling of sucn operations formed the most crltlcal phase of 
the entire traffic problem, s~ncc each shuttle flight required coordma- 
tlon between two approach control towers, and In many cases, the HRTC 
center as well. 

To ellrmnatc the noccssity for coordination with tho AFXC 
center in handling shuttle flqhts, It 1s necessary for the approach 
control sectors to extend high enough to contain all routine shuttle 
operations. However, any extension of the approach control sector 
above this altitude lovcl places an unnecessary rcstrlctlon on ARTC 
oporatlons by requlrlng abnormally hqh ontry altitudes for over-flying 
or arrlnng alrcraft. The tm required to descend from such levels 
often leads to Increased arrival delays, 

A graphIca analysis3 mms made to determzne the optimum 
altitude for shuttie operations under the most crltlcal traffic conbtions. 
These conditions were assumed to be as follows: 

1. Shuttles would have to operate simultaneously m both drrectlono, 
from Love to Carter and from Carter to Love. 

2. Approach systems of both airports would be loaded r~lth other 
traffic. 

3. No radar would be avaA.able. 

The graphcal analysis showed that h,OOO feet was the optimum 
shuttle altitude for these conditions. Lower altitude limits lowered 
slrport capacltles by causing a large gap 1~1 the approach sequence pre- 
ceting the arrival of a shuttle flrght. Higher shuttle altitudes 1~1- 
crcascd the flight tlnles and In-flight delays of shuttle flights, and 
also lncreascd the an/ground colrnnunlcatlons Jlorkload m getting the 
flights up and dorm through more altltudc levels. 

Use of the LOO&foot altitude level enabled each shuttle to 
descend again on route to the approach fix, mth no dolay in startmg 
approach from that point, and rnth a normal approach interval bchznd 
the preceding alrcrsft. 

Subsequent slmulatlon runs indicated that the graphlcal analysis 
WEIS correct; that there was no advantage m ever clearing a shuttle 
flight above the &&O-foot level. Therefore, the upper boundary of the 
approach control sectors was lowerod to &OO feet IGL m order to take 
advantage of lower entry altitudes for arrlvlng arrcraft. This change 
worked satlsfactorfly ~TI 4.l subsequent tests. 

3 Ibid. 
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b. Shuttle Procedures. 
The uutial sxnulatlon teats mdxatod the deslrabillty of 

estabhshmg simple standardxzed procedures for the handLng of Lcvc- 
to-Carter and Carter-to-Love shuttle flights. Such procedures should 
have the follolmg characterlstxs: 

a. They should provide mdependcnt routes in oath flight 
&rectlon, mth positloe altitude separation at crossing 
points. 

b. They should require a rmnlnum amount of coordination 
between control agencies, 

c. To entall a minimum amount of lnterfcrence with other 
arrival and departure operations, procedures should 
perrmt each shuttle flight to vacate the manlmum alti- 
tude as soon as possible after takeoff& 

d. To avoxl producing large gaps In the approach sequence 
at the destlnatlon airport, shuttle routes used for 
no-radar operations should provide a secondary clearance 
llrmt as well as a prxmary clearance llrmt for each 
dzectlon of flight. 

e. To reduce controller work load and aircraft flight tune, 
procedures normally should enable shuttles to be inte- 
grated with other arrivals wrth no m-flight delay to the 
shuttle alrcraft. 

The lack of such procedures In the past has resulted In the 
extremely Lgh flight twos, flight altitudes, and uork loads associated 
with shuttle opcratlons. Fig. 3 shows the initial shuttle procechrres 
used In the simulation tests. Although this srocodure was an xnprovement, 
tests showed that It &d not always provide positive altitude separation 
between opposite-dlrcctlon shuttles at crossing pomts. 

In an effort to provide greator safety for simultaneous shuttles 
an both dlroctaons of flight, the system shown In Fig. h was trio& In 
this system, shuttles from Carter cllmbod to 3003 feet m the Grand Frazie 
holding pattern before procehng toward Dallas, while shuttles from 
Dallas clxnbed to ho000 feet at the Dallas rango bcforc proceL&ng toward 
Carter. Results of this test are shorn in Fig. 5'. 

Although this system provided posltlve ANC separation between 
all shuttle flights, It greatly rcstrlcted the flow of shuttle traffic. 
Pa&bounds could not leave Grand Fralrie until the %OO-foot 1~01 was 
vacated at the Dallas range, and westbounds could not leave Dallas rango 
until reaching the 400%foot level. This restricted the numbtir of 
sxaultaneous shuttle flights to a lTLaxlnum of two. Ground delays to 
fllbsLquent shuttle flights were lncroascd drastically and controller 
work load wont up. This ultimately affected other oporatlons as well; 
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arrival and dcpart,uro dolays were lncrsased to a high level. Therefore, 
this system was abandoned. 

The or~glns.1 systmn shown XI Fig. 3 was then motifled to 
provxIe a greater degrso of safety for sumltaneoua operations. The 
motifled system, whxh 1s shown in Fxg. 6, included the follomng changes: 

a. Shuttles from Love Field took off southeast rnstead of 
south to provide a longer dxtance 1~1 which to climb 
before crossing the Dallas rango westbound. All theso 
fllyhts were able to cross the Dallas range at 2ooO feet 
or above and to reach jXnl feet well before reachng tho 
Hensley mtersoctlon. 

b. Shuttles from Love Flold wore restricted so as not to be 
on '.hc left sldc of the course between the Dallas range 
acd the Hensley mterscction. 

C. Sh'~~.tles irom Carter were restrxtcd to malctaln 2000 
fe& until one rmnute southeast of the Henslcy lntor- 
SCCGlOb 

Fig. 5. 
Results of the first test mth this system are shown In 

As thx modtiled system met all requlramcnts for successful 
shuttle opcratlons wlthout radar, it was adopted as standard for sub- 
sequent tests under condltlons when airport operations wore southeast 
and no radar was used. With these procedures It was possible to have 
as many as four shuttle flights in progress at the semc time (two In 
oath dircctlon of flight). It was found that rlgld adherence to these 
standard procedures ellmlnated tower-to-center coortinatlon regardmg 
shuttle operations. 

Several tmes during the early tests, controllers made the 
mistake of clearing Carswell-to-Dallas or Meacham-to-Dallas shuttlo 
flights to the Carter outer marker at 3000 or Lao0 feet, planning on 
bL.mg able to re-clear the alrcraft Immc&ately to the Dallas outer 
marker. In many cases, arrlvlng traffic at Dallas forced these aircraft 
to hold at tho Carter outer marker. This in turn delayed other Cartor 
arrival traffx. To correct this sltuatxon, it was found that the 
easiest way to >handle the Carswoll-to-Dallas or Meacham-to-Dallas shuttle 
flights was to clear them via Honsley lnterscction at 4000 feet, where 
they enter& the normal shuttle stream cn route to Dallas. 

Using the modxfled southeast shuttle system shown in Fig. 6 
as a model, work was started to establish a slrmlar system for use when 
north oporatlons were In prograss. One posslblc solution would be to 
have tho shuttles climb to tiffsrent altitudes (3000 and I~000 feet) at 
thar respoctlve outer markers before proceeding toward the other field. 
However, this system would be the equivalent of the system shown in Fig. &, 
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and would be subject to all the rostrlctlons of that very inefficient 
system. Therefore, no time was given to this procedure. Instead, a 
new facltity was provldcd to perform the same function as Duncanvllls ln 
the southeast shuttle system, to set up an independent climbing route 
whxh would enable opposite-&roction shuttle flights to smtch 
altitudes botweon the points where their routes crossod. Since the 
Haslet H faclllty was no longer noedod for Fioacham Fxld traffic, it 
was assumed that this faclllty was moved to a point on the Dallas local- 
lzer course about U-1/2 mllos northwest of the Dallas outer markerr 
This new ratio fix was 'mown as Rcscrvolr. It could also bo defYned 
as the intersection of the Dallas locallaer course and an ADF bearing 
of ti degrees from the Carter outer locator. 

The mltial shuttle procoduro tested wxth this facility 1s 
shoun m Fig. 7. It soon became apparent that this system had two 
tisadvantagos: 

a. Posltivo altltudc scparatlon &d not always exist between 
westbound and northbound shuttles in the vxinity of 
GrapevFnc. 

b. The WF.L44$'F!AP ratio towers at Grapevme lntersectlon re- 
quired a crossing altitude of 2200 feet, which forced 
the westbound shuttle route to 3200 feet. In order to 
accommodate four shuttles surmltancously, the 4200-foot 
level had to bo used. This, In turn, restricted the use 
of the SOOO-foot love1 by the ARK Center through tho 
area. 

Because of these complications, the initial system was 
abandoned. The procedure was then changed to the ono shown in Fig. 8. 
This procedure worked out quite satlsfactority m subsequent tests. 
Patterns used for northwest landmgs arc shown m Fig, 9. 

5. Freeze Control. 
In addltlon to the tests tixh were conducted specifxally to 

devise more effxlent shuttle flight routes, other tests were made to 
evaluate the adequacy of the freozo control system whxh has been used UI 
the past. The object of this system was to distribute arrival dclaya 
equitably between arrxvals from mside and oAtsIde the terminal arca. It 
also tended to allow shuttle flights to take most of thalr proposed dclq 
on tho ground, before departure, rathsr than in tho a~. 

To oporate this system, flight plans for all proposed IFR 
shuttle flights wore flied mth the AHTC Canter. Intcgratlng these proposed 
arrrvals mth other arrivals, the Center then issuod an expected approach 
tlmo (or sfrecz~ time") for each flight at the appropriate approach fix. 
Based on this time, tho shuttle pilot would attempt to be rea& for 
takeoff at a tlmo sufficlontly early to enable h1.s aircraft to arrive 



at the approach fix at the cxpocted approach tlmc. 

Tests showed that this procedure was very mefflclont. It 
caused a large increase 3n controller worlc load, because of the adtitlonal 
coordination actlvlty r-squired between airline office and ARTC, bctweon 
ART-C and the towers, between towers and pilots, and between towers. Tho 
bookkocplng work load was slrmlarly increased. Even 117 slmulatlon, 
shuttles could not always take off on time, because of other arPWt 
traffic, and because of tho extra coortiatlon roqulred. Shuttles wcro 
not always 1~1 position to start approach at the planned approach tlmos* 
When they arrived late, they often had to hold at the approach fLX to 
wait for othor traffic which had arrived LII the moantime. There were 
other times, wnlle shuttles were baing held on the grcRlnd a>Altmg their 
expected takeoff time, that uncxpcctod gaps dcvcloped In the approach 
SQCpQllOOS. Those gaps, long enough to accommodate one or more approaches, 
could not be utllizod because no shuttle was m posltion to take advantage 
of this contmgency. Delays pfled up, not only for shuttle flights, but 
for other traffic as well. It was concluded that If the nfreozc" COntrd 
procedure would not work satisfactorily UI simulation tests, It would have 
even less chance of workrng satisfactorily when doallng with the ad&tlonal 
variables encountered u1 actual operations. No further tests were made on 
the freeze control ppmoccduro. Although It rmght have been an improvement 
over no system at all, it became only a bottleneck after the simple 
standard shuttle procedures were developed. 

Tests showed that the standard settle procedures performed 
the same purpose as the freeze control procedures, mth much less work 
load for control personnel and considerably less delay for the aircraft 
concerned. The standard shuttle procedure performed a flow control 
function because its use automatically limited the number of shuttle 
flights to two zn oath direction at any one time. Each shuttle could 
be cleared for takeoff mth no delay expected at the destmation. After 
two flights were on their way from one alrport, there was no point in 
clearing any more for awhlle, as any extra flights would be faced kn.th a 
higher crulslng altitude (which would havo required pnor coordination 
from the Center), plus adtitlonal holding time In flight. This procedure 
allowed a smooth flow of traffic nlthout bunchmg shuttles at the other 
end of the lmo. As a result, no shuttle flight OVQ needed to be 
coorhnated vlth the ARTC Cc,?ter. MeanwhIle tho Canter issued, to other 
arrivals, expected approach times eight to ton minutes apart. This was 
actually conservatlvc enough to pcrmlt approach control to sandwich 
occasional shuttles into the approach sequence without setting back the 
expected approach time of the other arrivals. Approach control vould 
advise the Center regar&ng any appreclablc change In the last Expected 
approach time issued, so that subsequent expected _ 

I' _ 1 . approach tunes could be approxlmatod more 
closely. Results of this system are compared mth results of tho fro=0 
control system XI Fig, 10, 



Tests mth Radar. 
1. Extent. 

A consaderable portion of the srmulatlon program was devoted 
to the lnvestlgatlon of the most practxal methods for the ap$llcabOn 
of radar procedures to the control of trsffx on the Fort Worth-Dal&s 
to-al area. This portion of the program MS conducted in two 
phases: 

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

b. Slnrulatlon of high-power terrmnal area surveillance 
radar for combined Center-Approach Control operations. 

The radar coverage simulated m the tests 1s shown In Fig. 11. 

2. Shuttle Procedures. 
During the lrmtlal radar tests, no partzcular routes were 

speclficd for shuttle flights between Carter and Love Flolds. After 
takeoff, such fllgnts wore turned on dowrmnd leg for approach to the 
other aorport, as shown In Fig. 12. Although this procedure worked 
satisfactorily under tight traffx conditions, the crossover of flight 
paths In the area. bctwecn the two alrports could produce a hazardous 
condition If the controller's attcntzon was tanporarlly tivorted to 
other areas. In addition, those paths tended to xnterfere with Honsley 
Field operations. To provide greater safety and to sxnpllfy coordxxatlon 
between to*Tors, shuttle routes were changed to ellmlnate this crossover. 
The modz&cd routes, whxh worked satxefactorlly In subsequent tests, 
are shown In Figs. 13, a, and 1.5'. 

3. Offset Holhng Futes. 
Previous slxulatlon studles had shown tho advantage of 

establlshlng holding fxces offsot from the final approach course, 
an ald ~tl handling heavy traffic demand rates bnth radar. 4 

as 
Applxation 

of thx feature to tho Fort CJorth-Dallas area was ~nvcstlgatcd. There 
was not enough room to establish a tinn-fu feeder arrangmcnt for athor 
Carter or Love Fields; nclthor was there enough space to establxh a 
holding fix between the two parallel IL5 courses. Therefore, only 
smgle-fuc systems could be usedi and any offset holdng fixes would have 
to be west of Carter or east of Love. AS the Dallas VOR was too far 
away from the fxeld for Ideal vectoring arrangaonts, It 'ras moved to 
Highland Park. An ad&tlonal VCR or TVCE faclllty was establlshod at 
pulley. This confquratlon of facllltles, %xth the rcsultmg flight 
routes, 1s shown in F1.g. 16. 

As lndxatcd In Fig. 17, subsequent tests of this arrangement 
showed that use of the offset hol&ng fixes had vary llttlc effect on 
averago delays. Even at the lncroasod traffx rates of Sample 3, traffic 

' Ibid. p. 9. 
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moved so fast under radar control that arrivals seldom reached theso 
offset clearance llmlts before they could ho cleared for approach. The 
layout was not wry practxal for shuttle traffic, as such a-craft 
would have to make long detours, 1~1 many cases, to proceed via tnc 
offs& flxes. This would have complicated traffx paths considerably, 
and added to controller work load. Therefore, the outer markers were 
retained as the primary clearance llmlts for Carter and Love Field 
arrivals; and the ostablishmont of the Highland Park and Pulley VOR 
facllltles 1s not recommended at th1.s time, 

Ir. Control Room Layout. 
Fqure 18 shows the layout of control equipment which was 

used to slmulatc operation of the D'R room at Carter Tower. A 
similar arrangement waS used to simulate operations at love Field. 
It ~111 be noted that the radar controller 1s provided tmth small 
flight progress boards adjacent to his radar Scope. Revlous tests 5 
have shown the necessity of keeping the pxtorlal display (radar scope) 
and the symbolic &splay (flight progress board) together, so that the 
approach controller has simultaneous access to all lnformataon regard- 
ing aircraft under his control. 

The standard layout for IFR rooms places the radar Scope 
several feet away from the fhght progress boards. Such an arrangc- 
ment leads to increased coordinatson bctwecn personnel, x-xx-eased 
work load, and a much higher exposure to misunderstanding and con- 
fusion, This sltuatlon can be corrected through the USC of small 
(oven portable) flight progross boards on the ledge In front of the 
radar scope. Thcae boards are used to post only the flights under 
actual control. Fllg'lt progress strips arc propared by the data 
transfer man, who handles most of tho interphone communications. 
Strips arc passed to the radar controller who handles his own strip 
marklng procedures to keep flight data current. The radar controller 
1s primarily conccrnod mth air/ground communxatlons. 

For such a systa to function properly, llghtlng arrangments 
must be adequate for tho flight progress boards, but must not dcbaso 
the radar dxplay, Many dlffcrcnt lighting systems have been trlcd 
on the slmulator.6 Most successful so far 1s a trl-chromatx system 
whhlch uses a ccillng ftiurL conta-ang red, blue, and grcon lamps. 
These lamps produce a mtiurc of light mhlch 1s apparently white but 
1s actually dcfwrcnt m the amber portion of the sp,&rum. An a&or 
filter 1s used on the face of the radar scope, and a small scmxlrw 
cular hood 1s placed around the top portion of the scope to shlcld It 
from the light source, The trlchromatlc light mx&ure produces adequate 
amblent llghtmg In the radar room, but does not lntcrfcrc with the uao 
of the radar scope. 

5 Ibid. P. 17 
6 Ibid. ?. iT* 
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5. Horizontal Display Equipment. 
The radar tests previously described samulated operations with 

AS&type radar installations at Love qnd Carter Fields. Shortly after 
the original program was completed, the simulator ~8 equipped with a new 
P-mch horizontal bright tube display, as shown m Fig. 19. Becsuse 
the new &splay opened up possibilities for an ontlrcly nerr concept of 
combined Center-Approach Control termonal area operations, the program was 
extended to include tests using this equipment. 

The new scope was large enough to permit several controllers 
to function as a team whmlle handling traffic in a comparatively large 
radar area. Therefore, It was possible to simulate an installation in 
mhlch the klr Route Traffic Control and Radar Approach Control functions 
for the entare Fort Yorth-Dallas tormlnal area were located in a single 
room, with Center controllers and Approach controllers sharing the same 
radar display. 

The scope covered the large circular area shoun in Fig. 11, 
a scale of approximately 2-l/2 mles to the inch. Three controllers 
were used, one for Cartor Approach Control, ono for Dallas Approach 
Control, and one to handle the XRTC functions for the Fort Uorth and 
Dallas Sectors. Each controller had at least ono exclusive au/ground 
communications charnel. 

at 

Identlficatlon markers were used to keep track of the various 
targets on the scope face. These markers were of heavy paper stock, 
approximately one by two Inches UI siza, bluntly pointed at one end to 
indicate flight tiection. Different colored markers were used to 
indicate different types of operations. Ordinary lead ponclls wore used 
to post flight data, uluch mcluded the following ltans on each markerr 

Aircraft identtiicatlon 
Hlrcraft type or speed class 
Route, if pertinent 
Destination 
Clearance llrmt and altitude. 

Tests showed that this concept of combined Centcr-Approach Control 
tomnina arca operations resulted in an cxtrunely flexible systom 
which practically ollminatod coordination problems betrroon the Canter 
Sector controller and the approach controllers. As all controllers bad 
complctc and current informatIon on all IF3 traffic m the terminal 
area, they wore able to make irmneda.ate uso of available airspace as 
soon as such opporturmtios occurred, Thoy wu-c also able to share the 
workload equitably during sudden surges of traffic. Having adjacent 
Center sectors a few feet away made It, extremely sqlc for the Centor 
controller to coordinate terminal area arrivals and departures vlth +he 
other &XC sectors. 

Tho result was a constiareble reduotion in control&r rork 
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load and a spoedup 111 traffic flow as shown in Fig. 20. Although 
the tests were based on the use of what is yet h@ly expert-mental 
and expcnslve radar equlpmont, they pointed out the tremendous ad- 
vantages which could bc obtained from the Ccntcr-tipproach Control 
radar team idea, if sultablc equlpmcnt of this typo ever becomes 
available for actual opcratlons. 

In tests simulating radar failure, It was found that this 
system continued to function in a highly successful manner, even 
tithout radar. Use of the identlfxatlon markers on the map overlay 
of thz horizontal scope still provided a type of plctorlal display 
whxh was far saperfor to the old tabular posting flight progress 
board system. As aircraft reported passing each fix m the tamnnal 
area, the identtixatlon marker was moved ahead. The result was a 
slmplo and practical block system of traffic control, wxth a low 
controller work load. Because radio fures were close together, block 
lengths wore short, and the pxtorial represcntatlon of the spat=1 
relatlonships botween the various aircraft was almost as good as ti 
the radar was operatmg. The scanning work load was very low because 
each aircraft was represented by only a single slmplo markor, Instead 
of by the multiple strip postvlgs of a standard flight progress bard. 
This factor contributed to the tiercnt safety of this type Of traffic 
control system. 

Miscellaneous Tests. 
1. Use of Short Clearance LLrmts. 

Early simulation tests in this program utlllsed departure 
procedures tixh requlrcd that all IFR departures roctlve AFX clearance 
prior to takeoff. In these tests, dcparturc delays ran high, because 
of the tame requlrod for rcquestmg, transcrlbmg, and lssuvlg the 
complete clearance for each flight. It was believed that a number of 
factors already present m the local traffx system would make this 
procedure unnecessary. Those factors includeda 

a. Direct am/ground tlRTC comnicataons facllitlcs. 

b. An unusually large block of alrspaoe under approach 
control jurisdxtlon. 

c. A multlpliclty of radio fuces mthln thx block, 
sultablc for use as ylitlal clearance llmlts for 
departures. 

Making use of the factors, a very slmplo departure procedure was 
establlshcd. JHrcraft texilng out for takeoff were given IFS clearance 
to one of the clearance llmlts shown III Fig. 2,. at the top altitude 
available a.n the approach control sector. Normally this altitude was 
lrooc feet,. If thx altltudc was already YI use, 300 feet would be 
specified ti available; 2000 feet was usod only m rare occasions to 
get an aircraft started on its way, when it was certain that a hlghor 
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level would become available within the next few rmnutes. 

As soon as the alrcraft was off the ground, the toner issued 
the follomg data to the Center: 

Alrcraft identtiflcation 
Wczmate at clearancs llrmt 
Altltuds. 

As soon as practicable, the aircraft T~S changed to ARTC frequency to 
rccelve air route clearance direct from the Center. The flight remained 
posted on the approach control flight progress board until Information 
was received from radar, or from the Centor, that the alrcraft had 
vacated the approach control sector. 

By elirmnating lengthy lnterphone conversations, as well as 
the transcription and transmlsslon of long clearances prior to takeoff, 
this procedure reduced departure delays and approach control work load 
appreciably. During these tests, the new procedure worked satlsfactorlly 
from the ARTC standpomt. It was as easy to Integrate a departure vlth 
other ARTC traffic on the basis of an estimate at the lmtial clearance 
lznlt, as It would havo been on the basis of an est.-ted departure time. 
Because of the size of the spproach control sector, each pilot had plenty 
of time 1~1 tilch to secure ti AFXC clearance before he reached his 
titlal clearance limit. 

2. Ellmlnation of Shuttle Traffic. 
A rather obvious, though drastic, method of solving tho most 

crltlcal traffic problem in the Fortiiiorth-Dallas terminal area would 
be to ellrmnato routlnc shuttle operations altogether. Some idea of 
the effects of such a policy can be obtatalned from Fig. 21, which shows 
the results of comparatzva tests on Samples 2 and W. Although the 
same number of alrllne sets to and from the tcrmnnal area were still 
avaIlable, thooretlcally, the elimination of tho shuttle flights from 
Samplo 2 to form Sample 2A reduced the number of aircraft operations 
by one-half, and reduced aircraft delays by two-thirds. 

Choice of Approach Runways. 
a. Southerly Lantig Cpcratlonsz One cons-Ldoration 111 this 

study was to set up a systom which would allow instrument 
approaches to be made In at least two dzectlons at each 
malor airport. For southerly operations, uxlstlng faclll- 
tlfs &ctate approach dlrectlons as follows: 

h-ry 
Airport Approach Landing 

Ald Duectlon 
Carswoll GCA south 
Mea&am ILS South 
cartar IL5 Southeast 
Love ILS Southeast 
Hensley CGA south 

CGA Southeast 
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In all tests, Hcnsley arrivals were handled 1~1 the Cartor approach 
sequence. Both south and southeast approaches to Honsley were slmu- 
lated. For south approaches, Hensley arrivals proceeded Inbound to 
the Carter outer or rmddlc marker, where they were turned on base leg 
and vectored into the fIna approach course, for precxlon arport 
radar (PAR) apflroach by Hcnsley CCA. For southeast approaches, such 
alrcraft were released to Hensley CCA when over the Carter rmddle 
marker, for straight-m approach to Runway 13. These procedures are 
shown in Fig. 22. All procedures worked satlsfactorlly. However, 
from the air traffx control standpolnt, the southeast approach was 
preferable for the following reasons: 

1. It reqlllred less controller work load. 

2. It Was completed more quickly. 

3. The aircraftremalned clear of the area between Carter 
and Love Fields. This was especially deslrablo when 
shuttle flights were In progress. 

The disadvantage to tho southeast approach 1s that Runway 13 1s only 
5200 feat long, whiLe Runway 17 (the south runway) 1s 790 feet long. 
For thx reason, a south approach would be preferable somctlmcs from 
the flrght safety standpoint. 

b. Northerly Lanting Operations: For northerly operations, 
exxtlng facilltics allow a somewhat rJlder choice of 
landmg tircctions, as follows: 

Primary Iandlng 
Airport Approach Dlrectlon 

Aid 
Carswell CCA North 
Meacham ILS (Da&- North 

course) 
Carter IL5 (Back Northwest 

course) 
ADF4 North 

Love IIS (Back Northwest 
course) 

ADF North 
Hensley GCA North 

CCA Northwest 

* Or VCB, ti proposed faclllty Installed at Webb. 

Various combmatlons of these approach dlrectlons wore tested. It was 
found that north, rather than northwest, approaches wore preferable at 



Carter and Hensley, for the foil-g reasoner 

1. klrcraft were not hol&ng over Hcnsley Field; this slmplifled 
the rader pictux when approaches to Hensley were m progross 
and facllltatJ slmultancous approaches to Carter and Henslcy. 

2. Hensley arrivals landed on the longest rurniay available. 

In using this procedure, Carter arrivals used Grand Pralrlc as the approach 
fix, Henslcy arrivals used elthcr Grand Prairlc or Jilcbb, and ere vectored 
to the flnal approach course for PAR approach to Runway 35. 

North approaches worked satufactorlly for LWG Field, using 
the Dallas fan as the approach fu. Howcvdr, northwest approaches 
appeared slightly more prcforabla for the fol.lowLng reasons: 

1. Eack-course IE navlgatlonal guidance should bc somewhat 
more prcc~c Than back-boarlng ADF guldanco from the Dallas 
LF range st2tlon. 

2. Love r'ield arrivals remaxed well clear of Henslq traffic. 

The Rose Kvdnuc IntursLction has been unsatufactory as an approach fu 
for northwest approaches In the past because of Its proxuuty to Love 
Field. T%erLfore, It 16 rcconnlendcd that a fan marker and/or (proforably) 
a compass locator bc lnstallcd on the Dallas localuer course, In the 
vxlnnlty of Fzlr Park, for thu purpose. This faclllty 1s shown In Fig. 9. 

h. Confqqzatlon of VOR Pacilitles. 
One obJectlve f the simulation program was ta dctcrmux the 

best location for: 

a. The Port North VCR, whxh had unsatisfactory operational 
charactcrlstxs at Its present s&c, and r:as slat& for 
rclocatlon. 

b. One proposed now VCR fscillty for the termlnal area. 

In detcrminrng tht. optunum locatlons for these radio alds, it 
was deslrezl to set up an arrangcmcnt of VHF navrgatlonal alds whxh 
would: 

a. Rovldo dual au-ways to pcrrmt two-rmy traffic on all 
important routes. 

b. Provide a mcans of by-passing "over" traffx around tho 
tic&ate approach and holding arcas. 

c. Provide an expetitlous penetration and approach pattern 
for jot alrcraft. 
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In setting up various posalble arrangements of facilltles, 
consideration MS also given to the possible relocation of the Dallas 
VCR. Bealdss the Highland Park site previously described In this report, 
a site at Forney, and another seven nules northeast of Forney also were 
tested. It was fmally deterrmned that neither of these sites offered 
enough operataonal advantages over the present Dallas VOR site to justify 
motig this faclllty. 

Three different proposed sites were tested for the Fort Worth 
VOR. The/ were all 111 the area north-northwest of Carswell Field. The 
site wbxh appeared to be most suitable from the air traffic control 
standpolnt was near Boyd, Texas, as shoes m Fig. 11. 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 permit independent route operations clear of the relocated Amber b air- 
way (north course of Fort Worth IF range statlon). It also formed a 
convenient clearance limit, In lieu of the Haslet marker, for aircraft 
inbound to Carswell Field. Jet aircraft inbound to Carswell could cross 
Boyd at about 10,000 feet XSL for a straight-m GCA approach. 

The proposed new VCR faclllty rms simulated at a site near 
Webb, Texas. This site, uhlch is shown 111 Fig. 11, is about eight miles 
south of the Grand Fralrle marker, and In line vmth the north-south runway 
at Carter Field. The proposed site worked out very satisfactorily on the 
almulation tests. It provided the terminal area mth: 

a. A southerly by-pass route for east-west traffic. 

b. A VCR approach course for north landmgs at Carter Field. 

c. A convenient route, independent of Carswell and Eeachsm 
traffic, for southbound departures from Carter Field. 

d. A ratio fix for jet penetration and GU pickup, for 
approaches to Hensley or Carter. Tests showed that th1.s 
jet approach path required conalderably less tome and 
controller workload than the one presently prescribed. 

It should be emphasIsed that the VclR sites meiltaoned m this 
section were chosen from tho traffic control standpomt, and not from 
the electronx standpomt; as the sLmulator 1s not equipped to evaluate 
the electronic characterlstlcs of ~rloua VCB locations. Either of the 
recommended sites could be moved a rmle or two mthout appreciably 
changing the traffx flow characteristics of the system. 

Figure 11 shows the by-pass routes which were possible lsth 
the recommended conflguratlon of VCR facllltics. Smlatlon teats 
showed that these routes were very useful in ellmlnatlng conflxtxons 
botueen I'overll traffx and hol&ng traffic. The by-pass routes tended 



to slmplxfy the radar display by keeping through fl&ghts clear of the 
area normally used for radar vectoring, This reduced controller work 
load apprecrably, 

As shown U-I Fig. 23, these routes prooldcd a set of outer 
clearance luuts for the Jurlstictional changeover and radar Identifi- 
cation of arrivals. Sotween these points and the airport, arrivals 
were on a flight path which was clear of all other aircraft eXCept 
others bound for the same airport. This Independent area was large 
enough to permit the approach controller to get most of his arrivvlg 
traffic an proper sequence before It reached tho holding fx. 

VOR departure routes are shown III Fig. a. The peripheral 
by-pass routes were suffxlentl, 11 &&ant from the airport that a 
departure could climb to an altitude above the aporoach control sectOn 
before rwchmg the axway. This served to reduce coordmation between 
agencxs in many cases. For example, an east-bound flight from Heacham 
formerly requ.rcd coordmatlon between Carter approach control, Dallas 
approach control, and the Fort !lorth ARTC Center. Usulg the by-pass 
route, tho departure would requrre coordination only between Carter 
approach control and the Fort Worth Center. 

5. Gperatlon of Jet Aircraft. 
Figure 25 shows the Jet approach procedure presently authorlzocl 

for Hensley Fusld. Thu procedure rcquxes the Jet aircraft to descend 
to 2000 feet on an outbound heatig and proceed all the way back to the 
range station at that altitude. Each ap,roach requires coorddnation 
between Dallas approach control and Carter approach control, and tempor- 
ar?ly twos up traffx at Dallas, Carter, and Hensley Fields. 

Flgurc 25 also shows a proposed Jet approach procedure tilch 
utlllzes Grand Fraxrle as the penetration and approach fix. This pro- 
cedure 1s consldcrably shorter than the one presently authorazed. 
kormally, it would not requxe coordlnatlon with Dallas approach control, 
nor would It affect operations in progress at Love F1el.d. 

As previously lndlcatod In this report, one reason for choosing 
the Webb site for tho proposed addltaonal VCR faclllty was to provide 
convenient VHF navlgatlonal gudanco for Jet approaches to Hensley and 
Carter Fields. Surmlatlon tests showed that this VOR procedure, which 
1s shown in Fig. 26 worked very satxifactorily. 

Fxgure 27 shows the present Jet approach procedure authorized 
for Carswell Field. Thas 1s an ADP procedure based on the use of the 
Fort Worth I3 range and the Haslct Ii faclllty. As Haslet SBNOS no other 
useful purpose in the proposed system, it 1s recommended that another 
Jet approacn procedure be adopted, and that Haslct be docormnlsslonod so 
that Its components can be used elsewhere. Figure 27 shows a recom- 
mend& Jet approach procedure using the proposed Boyd VCR, Alrcraft 
woul.d descend, In the holding pattern if necessary, to cross Boyd at 
about 10,ooO feet for a straight-m GCA approach to Carsr+ell. 



COUCLUSIONS 

1" Consolldatlon of Meachsm and Carter Approach Control till rcduco 
ooordmatlon work load. 

2. The most crltxal m traffic problem in the Fort Worth-Dallas 
area is the opcratlon of shuttle flights between Carter and Love Fields, 
Uee of standard shuttle procedures as developed during this slmuletion 
program knll rtduce shuttle flyrng tlmc, alrcraft delays, and controller 
work load. 

3. No advantage 1s gamed by olearlng shuttle fights above bOo0 
foot MSL III the Fort Worth-Dallas tcrrmnal area. 

4. Rcductlon of approach control sector collmgs from 5000 to 
ho00 feet KiL should reduce descent delays and result XI a satisfactory 
operating arrangement. 

5. As shown in Fig. 28, uso of adequate radar procc&rss by Love 
and Carter Approach Control should reduce axrcraft dolays by approxl- 
matcly two-thrds for equivalent traffic loads. 

6. Use of freeze control for shuttle flights is a potent SOUTC~ 
of aircraft delays. This procedure ~~11 become unncccssary when 
standard shuttle procedures or radar control 1s adopted in the Fort 
'dorth-Dallas torrmnal area. 

7. The cst?blxhment of offset holdFng fxxes for Love and Carter 
Fiolds 1s not justified at this tame. USC of ILS outer locators as 
primary holding fixes for Love and Carter Fields provades more accurate 
spacmg of approach intervals than can be obtained through use of 
Coppell and Haslet. Slrmlarly, use of Dallas fan marker (with onc- 
mmute right-hand pattern) IS far suporlor to the USC of Duncanvllle 
as the primary holding fu; for north approaches to Love Flold; the 
southbound departure route vu Molto Rock and Trlnlty Fork brorks out 
satisfactorily an this case. 

8. USC of short clcarancc llrmts for departure flights 1s 
particularly ~011 adapted t tho Fort Worth Dallas terminal area, due 
to the large amount of alrspace under approach control jurlsdxtlon. 
This departure procedure tends to reduce approach control workload, 
as well as dolay to departing axcraft. No adverse effects on air 
route traffic control were noted during extensive slnollatlon tests 
of this procedure. 

9. Comparative tests of north and northwest landing operations 
at Love and Carter Faclds produced relatlvcly little dtiforoncc ~TI 
traffic dolays. However, other factors In the confquratlon of 
termanal area facllltles may make It preferable to land Carter and 
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Hensley approaches north rather than northwest, and Love approaches 
northwest rather than north. Installstlon of a fan marker and/or 
conpass locator at Fair Park would facilitate northwest approaches 
to Love Field. 

10. Relocation of the Fort !Jorth V@R to a slto near Boyd, ard 
lnstallatlon of a proposod new VCR at a sltc near Webb would, 1~1 
coqunctlon with the proscnt Dallas VOR, set up a very useful arrango- 
mcnt of dual VHF axways whxh would by-pass the tcrmnd arca and 
slmpllfy both terminal area and en route control operations. ThO 
rcsultlng route layout would still be compatlblc rnth the present LF 
system as long as the latter remams XI use. 

11. USC of the Grand Prairie H faclllty as the radio fix for 
jet approaches to Hensley or Carter Fields app-ars uroforablc to the 
USG of the Dallas LF range for this purpose. 

12. Tests mdlcate that the proposed Webb VGR would lrakc a 
satisfactory VHF radio aid for ;et approaches to Hcnsley or Carter 
Fields, 

13. A polxy restrxting routlnc IFR shuttle operations could 
be cxpoctcd to double the cnpaclty of the Fort Worth-Dallas terrmnal 
area for handling long-range traffx operations. 

lb. Tests lndxate that coordination worlc load could be greatly 
reduced if traffic could be handled by a team of approach controllers 
and cn route controllers working from a cormon radar display. Lnplmenta- 
tlon of such a system ~~11 depend on th e development of Yoproved radar 
eoulpmunt, including a suItable horizontal plotting s cope which would 
permit partlncnt control data to comclde knth the posltlon of the 
various Ucraft targets, The sxnpllfication of control work load 
possible hnth such a display tends to roducc alrcraft d olays and to 
provldc a large increase In terrnnal area traffx capacity. 

REOI'KKNDATIONS 

The recommondat~ons ~TL this scctlon are arranged to form a 
suggested step-by-stop plan for mcreaslng the traffic capacity of the 
Fort Worth-Dallas termlnal area. 

Group A--Procedural Changes. 
1. Combine Moacham and Carter approach control functions at Carter. 

2. Change primary holdmg fixes from Haslet to Fort Worth outer 
marker, and from Coppcll to Dallas outer marker, Establish a one-mmutc 
holdmg pattern at each fix. 

3. For north approaches to Love Field, change primary holding fix 
from Duncanvlllc to Dallas fan marker. USC one-mmute rqht-hand pattern 
at Dallas fan, routing southbound Dallas departures via White Rock or 
Wtier . 
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b. Adopt standard shuttle procedures as dcscrlbcd In Section 
III-A-h and III-R-2 of this roport. Dlscontlnuc USC of freeze control 
for shuttle fights. 

5. Lower approach control sector ceihngs from so00 to hOGO feet 
EL. 

6. Adopt short clearance llmlt procedure for depe.rtures, a~ 
descrlbcd UI Sectlon III-C-1 of tbs report. 

7. Change jet letdown from Dallas range to Grand Fralrle marker, 
as shown In fig. 25. 

Group B--Facility Changes. 
1. Proccd mth the installation of airport survolllancc radar 

at Love and Carter Fields. Change standard IFR room layout slightly 
to provide the approach controller +mth small flight progress boards 
adjacent to tho radar scopes. Install trl-chromatic light ftiuros -&th 
amber scope filters, to provide adequate ambient room lighting WIthout 
debasing the radar plcturc. 

2. Move Fort North VCR to now site near Boyd, as shown III Fig. 27. 
Establish this fix as prmry clearance lwt for Carswell arnvals, UI 
place of Haslct. 

3. Move Fort Worth rmddle locator to outer marker site. 

4. Docommlsslon Haslet; move H facility to ReservoFr as shown In 
F1g. 7, move fan marker to Fair Park as shown In Fig. 9. 

5. Install propozcd now VCR at site near :Icbb, to ostabllsh dual 
VCR routes as shown In F1g. 11 and a new VCR jet approach procedure as 
shown In Fig. 26. 

Group C--Moscellancous Changes 
1. Because this project has uncovered many other mcthcds of 

boosting termulal arca traffic capacity, a policy of restricting or 
eliminating IFR shuttle flights may not be necessary at this tlmo. 
However, If tiaffw demand contmcs to r‘1sc to the ?olnt uhcrc the 
improvad system cannot handle It adequately, tie fllmlnatlon of 
routlno shuttle oporations by fixed-wmg aircraft would bc an UU- 
portant moans of lncrcasmg the ablllty of the system to accommodate 
traffic from outslde the tcrmlnal area. 

2. Because of the very extcnslve slmpllflcatlon of controller work 
load provided by the en rout+approach control team concept for handling 
traffic oporatlons In tcnnlnal areas as comphcated as Fort Worth-Dallas, 
It 1s recommended that lmmcdlate stops be taken for the devzlopment and 
procurement of sultablo norlzontal redar &splays for this purpose. 
Future planning for such areas should be dlrectcd toward the combination 
of all on route and approach control functions 1~1 a single room, rslth 
controllers working as a toam around a common pictorial &splay. 
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FIG 3 INITIAL SHUTTLE PROCEDURE- SE LAN&-NO RADAR 

FIG 4 INTERMEDIATE SHUTTLE PROCEDURE-SE LAN&-NO RADAR 



FIG 5 COMPARATIVE RESULTS-INTERMEDIATE AND RECOMMENDED 
SHUTTLE PROCEDURE-NO RADAR 

FIG 6 RECOMMENDED SHUTTLE PROCEDVRE- 
SE LANDINGS-NO RADAR 
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FIG 9 RECOMMENDED SHUTTLE PROCEDURE- 
NW LANDINGS-NO RADAR 

FIG 10 EFFECT OF FREEZE CONTROL-NO RADAR 
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FIG 20 EFFECT OF COMBlNED CENTER-APPROACH CONTROL 
OPERATIONS USING COMMON DISPLAY 
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FIG 25 LF JET APPRACHES TO HENSLEY LEFT PROPOSED GRAND 
PRAIRIE ADF PROCEDURE, RIGHT PRESENT RANGE PROCEDURE 

FIG 26 PROPOSED VOR JET 
APPROACH TO HENSLEY 



FIG 27 JET APPROACHES TO CARSWELL 
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ASR -TYPE RADARS 
SIMULATED AT CARTER 
AND LOVE FIELDS 
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SAMPLE INPUT -AIRCRAFT OPERATIONS PER HOUR 

FIG. 28 EFFECT OF RADAR PROCEDURES ON 
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AVERAGE DELAYS 


