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NOMENC LATURE

AACA Alaska Air Carriers Association
ADF Automatic Direction Finder
ANC Anchorage
ANN Annette Island
ARD - 300 FAA - Enroute Navigation Branch
ATC Alaska Transportation Commission
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CAB Civil Aeronautics Board
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CW Continuous Wave
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DME Distance Measuring Equipment
DOD Department of Defense
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FAA Federal Aviation Administration
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FSS Flight Service Station
FT Feet
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HAA Height About Airport (Ft)
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IF Intermediate Fix
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LVD Level Island
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MDA Minimum Descent Altitude
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MOCA Minimum Obstruction Clearance Altitude
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MSL Mean Sea Level
NAVAID Navigation Aid
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NMI Nautical Mile(s)
OAG Official Airl ine Guide
ODK Kodiak
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NOMENCLATURE (Con tinued)

OME Nome
ORT Northway
OTZ Ko tzebue
REIL Runway End Identifier Lights
RVR Runway Visual Range
RNAV Area Navigation
SCC Deadhorse
SSR Sisters Island
TACAN Tactical Air Navigation
TAL Tanana
TERPS Terminal Instrument Procedures
TKA Talkeetna
UNK linalakleet
VASI Visual Approach Slope Indicator
VHF Very Hi gh Frequency
VFR Vi sual Fligh t Rules
VLF Very Low Frequency
VOR VHF Omnidirectional Radio Range
VORTAC Combined VOR and TACAN System
VXXX Victor Route Number XXX
YAK Yakataga
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I .  EXECUTIVE SUMMARY

The inadequacies  inheren t in Alaska ’s Air Navigation
System , in the form of enroute  gaps , un ins t rumen ted  air ca r r ie r
a i r p o r t s , and lack of a comprehensive rou te  s t ruc tu re , contri-
bu te to i n e f f i c i e n t user opera t ions and produce hardshi ps on
the pub lic in a region tha t is heav i ly  dependen t on air  tran s-
por ta t ion . Th is study of Ala ska t s Air Navigation System was
struc tured to iden ti fy  specif ic enrou te and terminal  approach
prob lem areas , def ine  and evalua te candida te near- term solu-
tions , and f i n ally to recommend a p re fe r red  se t of remedial
actions based , where possible , on ben ef i t-cos t cri teria .

A lack of s u f f i c i e n t record keep ing by Al aska ’s a ir trans-
portat ion indus try precluded the poss ib i l i ty of quan ti f y i n g
the resulting navigation system-induced user cost impacts and ,
in turn , the dollar benefits which could result from an im- -

proved air  naviga tion sys tem. However , Alaska ’s poor perform-
ance in terms of air safety (where their accident rates exceed
those of the U.S. by close to an order of magnitude) and sched-
ule dependabili ty provides circumstantial evidence that the lack
of adequate navigation facilities may be a major problem .

The air taxi operators recommended six new VOR/DME loca-
tions to provide a satisfactory near-term solution to the low
a l t i t u d e  enroute  gap problem . The Alaskan scheduled carr iers
(Alaska  A i r l i n e s , Reeve Aleu t ian  Airways , and Wien Air  A laska )
identified 25 airports which were in need of improved (non-
prec i s ion )  ins t rument  approach f a c i l i t i e s .

Due to the unava i l ab i l i ty of the user cos t statis tics
associa ted w i th each of the sugges ted naviga tion aid improve-
men ts , an approach based on performance f igur es of meri t was
adopted to evaluate  the candidate s i tes .  Der iva t ion  and
app l i ca t ion  of these performance c r i t e r i a  produced p r i o r i t y
l is ts , i . e . ,  recommended i n s t a l l a t i o n  sequences , for  both en-
route  and approach aid app l ica t ions  in combinat ion w i t h  each of
the short-term candidate naviga tion aids , i .e . ,  NDB , NDB / DM E ,
VOR , VOR/DME or TACAN .

An ana lys i s  of these data revealed that at least 6 and
no more than 20 new VOR/DME ’s would be required to satisfy
Alaska ’s s h o r t - t e r m  enroute low a l t i t u d e  nav iga t ion  r equ i r emen t s .
Fu r the r , 6 new app roach aids would achieve 90 per cent of the
tota l  “pe r fo rmance  b e n e f i t ”  a t t a inab le  by i n s t a l l i n g  a given
type of approach aid (NDB /DME , VOR/DME or TACAN) at each of
the recommended locat ions .
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This study concludes that VOR/DME ’s should be ins tal l ed
at the following locations to reduce the extent of existing
enroute  gaps:

(1) Chandalar
(2 )  Sparrevohn
(3) Yakataga
(4) Por t Heiden
(5) I l iamna
(6)  St . Ma ry ’s

Fur the r , tha t  NDB / DME ’ s should be ins ta l led as approach aids
at the  fo l lowing  a i r p o r t s :

Du tch Harbor
Sand Point
St . Mary ’s~
St. Paul Island
To giak
Emmonak

It should be recognized that this study does not consider
the impact of possible long-term solutions presently being
proposed (see Volume I). The acceptance and/or implementa-
t ion  ra tes  of wor ld  wide systems such as Omega , Loran-C and!
or GPS/NAVSTAR wi l l  a f f e c t  the need for additional “shor t-
ran ge” stations beyond those recommended for the near-term
solu tion.

Not required if a VOR/DME is installed at this 
location2



II. INTRODUCTION

This study was undertaken to determine the optimal short-
term solution(s) to Alaska ’s air navigation problems . The
assoc ia ted  s t u d y ,  one facet  of an overa l l  p ro jec t  (Volume I
addre sses the long-term solutions), was structured to identify
specific air navigation problem areas , to recommend possible
remedial alternatives , to es t ima te the benef i ts tha t would
accrue should there be a partial or complete elimination of
each problem area , and f ina l ly  to iden tif y specific navigation
aid i n s t a l l a t i ons  as the  s h o r t - t e r m  so lu t ion .

Th e study focussed on two user groups , each having speci-
fic problems with Alaska ’s air navigation system which , when
ag gre gated , are believed to be representative of the total
Alaskan  c iv i l  user popu la t ion .  The air taxi operators ,
operating primarily non-pressurized aircraft at lower alti-
tudes , reflec ted general aviation ’s concern over enroute navi-
ga tion gaps . The second group consis ted of the ma jor CAB
scheduled Alaskan air carr iers .  This group was pr imar i ly
in t e r e s t ed  in upgrading approach capab i l i t i e s .

The p reva i l ing  and n e a r - t e r m  problem areas of Alaska ’ s
a i r  n a v i g a t i o n  sys tem were i den t i f i ed  through on - s i t e  discus-
sions w ith user groups , the FAA Alaskan Re g ion , the State
Division of Aviation , and other local da ta sources such as
the Alaska Transportation Commission.

Lack of comprehensive s t a t i s t i ca l  records of the Alaska
Air T r a n s p o r t a t i o n  Indus t ry  precluded the deriva tion of
expected “do l l a r ” b e n e f i t s  for  each of the proposed navi ga-
ti on aid in stal la tions . Therefore , in lieu of a pure cost!
benef i t analys is , performance related figures of merit were
developed in order to evaluate proposed solutions , i . e . ,
nav iga t i on  aid i n s t a l l a t i o n s, for bo th enrou te and appro ach

- appl ica t ions .

Most of t h i s  s tudy was conduc ted be tween ~j~ly and
October of 1975. Hence , w i t h  few excep tions , the da ta pre-
sented in this report reflects the most current information
available at that time .

This volume is organized in two parts. The first part
includes: (1) an identification of the near-term problems
associa ted wi th Al aska ’s air  naviga t ion sys tem , (2)  a descrip-
tion of the short-term navigation system candidates , (3) an
evalua t ion of si te spec i f i c , NAVAID improvemen ts or additions

3



and (4) a recommenda tion for the priority of NAVAID installa-
t ions needed to reduce the problems to an accep table level .

Part two contains appendices of detailed supplemental
i n f o r m a t i o n  address ing  potent ial  user benef i ts , upda ted FAA
Alaskan Region recommendations for VORTAC i n s t a l l a t i ons, sa fe ty
and scheduled depar ture stat is tics , charac teristics of Alaskan
a irpor ts , air taxi origin-destination statistics , ceiling and
visibili ty minimums as a function of type of approach aid ,
estimated landing probabilities , dis tribution of scheduled air
carr ier  tr a f f i c , derivation of community dependence on air
t r anspo r t a t i on  fac tors , descript ions  of candidate navigation
aid locations and a statistical summary of avionics equipment
ins ta l led  on Alaska-based aircraft . This material , much of
which  is in the form of computer produced tabulations , should
be usefu l  to Alaska transportation planners and airspace users.

4



III. THE ALASKAN AIR NAVIGATION SYSTEM - PROBLEM IDENTIFICATION

To iden tif y and properly weigh potential solutions to
Alaska ’s air navigation problems , it was necessary to develop
an unders tanding of the inadequacies of the existing system and
the impact of those inadequacies on the airspace users. The
material presented in this section addresses coverage gaps in
the cur ren t  a i rway s t ruc ture and the impac t of the Alaskan air
n a v i g a t i o n  sys tem on i ts users , bo th wi th respect to enrou te
coverage and non-prec is ion  approach capabilities . Finally , a
comparison between Alaskan  and U.S. air safety and scheduled
departur e dependabil i ty is made as an indicator of the relative
performance of the Alaskan a i r  t ranspor tat ion  system and , by
in fe rence , the air  nav iga t ion  system . However , it should be
emphas ized  tha t  a quan t i f i ed  relat ionship between the navigation
system performance and the sa fe ty  and schedule dependabili ty
s t a t i s t i c s  has yet to be established.

3.]. COVERAGE GAPS

The present  Alaskan low al titude rou te struc ture includ-
ing existing navigation facilities is illustrated in Figure
3.1. To s impl i fy  this plo t, designations of specific Victor
and colored routes were not included; however , Table 3.1 can
be used to correlate the Vic tor rou te designa tor wi th the
naviga t ion  f a c i l i t i e s  of F igure  3.1.

The navigation gaps prevalent within this existing Alaska
navigation system were first determined. The entire Victor
airway system was superimposed on the Geological Survey con-
tour map of Alaska. Electromagnetic Compatibility Analysis
Center (ECAC) terrain data was used to determine the line-of-
s ight  cu to f f  at various altitudes. The altitudes selected
were 3 , 000 ft above the site elevation , 8,000 f t  MSL and
13,000 ft MSL since these were obtained directly from the
ECAC data wi thou t  fu r the r in te rpo la t ion. The r egu la to ry  range
lim it of 40 nmi below 18,000 ft was disregarded since its
primary objective , frequency pro tection , is , in general , not
a problem in Alaska thereby enab ling the VOR/DME facilities to
be utilized to their maximum (terrain or horizon cutoff)
capab ility.

Where ECAC terrain data was not available or appeared to
be inaccurate (as was the case for the Fairbanks and McGrath
facilities), the terrain cutoff for a given Victor route was
determined by using the contours printed on the Geological
Survey map . rf terrain cutoff was not a problem , then the
horizon cutoff limit was used for the altitudes of 

interest.5
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Table 3.1
Existing Navigation Gaps in the Alaska Victor Airway

GAP (NMI )
R3UT~ SEG<NT VICTOR
~~ POINTS ROUTE 3.000 ASL C1) 8,000 MSL 13.000 P61 (MS L)

AE~P4 ANC V427 120 36 ... 13.500 AKN king Salmon
COB V456 145 78 15 NA MC - Anchorage
EU V456 80 16 12.500 ANN - Annett, Island
HON V436 72 --- -.. NA - Bethel
ODE V5O6 35 9.500 BGO - Big Lake

ANC BGO V438,456 - - -  - --  .-. NA BIG - Big Delta
JON V317S 31 -.- .-- NA BRA - Biorka Island
JON V317 9 NA BIT - Ba tt les

S V440 93 24 NA COB . Cold Bay
MOO 5J440S 40 --- --- NA DIG - Difl$ngham
MOO V440 66 --- - -- NA (NA - kenii
TEA V436 NA - Nenana

FAI - Fairbanks
APiN(2) LVD(2.3) V317 5,200 ~YU — Ft. Yukon
BET AKN Y506 62 - --  —- .  7.000. GAl. - Galena

ANC 0-9(6) 197 138 77 (4) ~~ - Gulkana
01.6 V453 32 - --  -- -  6.000 HUM - Nasser
MCG V480 120 50 --- 5.500 JON - John s tone Point

LVD - Lev el I s l and
BOO MCG V5 10 58 8 NA MCG - McGrath
110 V48 1 27 --- -~~- NA MOO - Midd l e t.on Is land

OCR V5 15 36 20 —--  NA MOS - Moses Lake
ORT (2) V444 .-- --- -.- NA 00K - Kodiak

ONE-Rom e
BK A( 2)  ANN(2) V307 66 5.500 ORT - Northwey

SANDSPIT(2) V440 108 42 3.500 OTZ - Kotzebue
SSR(2) ‘1428 16 NA scc - Deadhorse

811(2) ERR ‘1504 22 --- --- NA SSR - Sisters Island

SCC(2) ‘1504 114 20 --- NA TAL - Tanana
TKA - Talkeetna

DIG AKA V453 .453S - - -  - - -  NA(S) UNK - Unala kleet
ARC ‘1462 130 60 13,500 YAK - Yakatega

(NA ANC ‘1436.456 -— . NA
MOO V508,440S 47 - --  --- 8,500

(RN SCC(2) V436 210 132 90 NA
1104(2,3) V436 NA

FAI BOO ‘1438 105 38 -- -  NA
BIG V444 --- --. -.- NA
BTT(2) V4U,444S -- -  -.. --- NA
ENN V480 —— -  — --  —- —  NA
FYU (2) ‘1438 — - -  — — —  —— -  NA
SCC ( 2) V347 180 120 70 NA

T AL (2 ,3) V488 --. --- .-. NA
FYU 816 ‘1481 10 — -— --- NA

SCC(2) ‘1438 88 27 -- -  9. 500
GAL (Nh V452 71 --- -.- NA

MO S ( 2 , 3)  ‘1452 —— - .—- --- 5. 500
012(2) V498 44 - --  - - -  5.500

TAL ( 2 ,3) ‘1488 --- . - --  — — —  NA
SEN BGQ V456 33 . - - -  - - -  NA

JON ‘1481 56 8 .-- NA
ORT (2) ‘1456 35 12 -—- NA

HON MC ‘1438 --- -—- —- . NA
ERA V436E .-- --- --- NA

JON SEN V481( 48 10 --- MA
YA K( 2)  ‘1317 105 23 —— — NA

MCG EN N ‘1480 9; 35 --- 4.500
GAL V198 --- .— . --- 5 ,500
UNK ‘1440 32 --- --- 5,500

001’ HON V43( 438N --- 5,500

ONE BET V506 95 10 --- 3,000
GAL ‘1452 — - —  - - -  - --  5,500
012(2) V506.5o6w _- .  - --  - --  5, 500
UNK ‘1440 -.. - --  --•  2,500

SSR (2) LVD(2 ,3) V3 17 --- - - -  — —- NA
YAK (2) ‘1317 28 --- --- 2,000

YAK(2) BKA(2) V317.440 60 ---  -- -  4 ,800
MOO ‘1440 76 - --  -- -  7,500

‘1) *51 - Above Site Level ; (2) ECAC Data Not Ava Ilable , (3) VOR Onl y~ ( 4) 5,500 ft (MSL) west of
A l a s k i  Range . 12.500 f t  (P61 ) Above Alask a Range . (5) NA - Not Ava~ la ble ; (6) 0-9 Is Included
Because o~ Heavy Traff,c Between Anchorage and Bet hel and the Absence of a Victor Route Serving
Tha t Couws~n i t y  Pai r .
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Using these procedures , the naviga t ion gaps i llus tra ted
in Figures 3.2 through 3.4 and listed in Table 3.1 were deter-
mined. Also recorded on this table are the Minimum Enroute
Altitudes (MEA) as obtained from the sectional charts.

The gaps def ined in Table 3.1 are for Victor routes only
and therefore do not include coverage provided by existing
NDB ’s. An exception is route G-9. The absence of a Victor
route between Anchorage and Bethel in combination with the high
traffic level between those points justified inclusion of that
route in Table 3.1. G-9 is supported by a DOD NDB at Sparrevohn
approxima tely midway between Anchorage and Bethel. This route
and others providin g NDB s ignals  on the Aleu t ian chain should
no t be cons trued as an ade quate subs titu te for Vic tor rou te
coverage.

3.2  USER IMPACTS

The scope of this study necessiated focusing on a repre-
sentative subset of all Alaska airspace users. This subset
included the air  taxi opera tors represented by the Alaska  Air
Carriers Association (AACA) and the larger Alaskan CAB certifi-
ca ted scheduled air  car r iers , i.e. Alaska Airlines , Reeve
Aleu tian Airways , and Wien Air Alaska. Aviation representa-
tives of the Trans Alaska Pipeline Project were also surveyed
regarding their near-term air naviga tion needs .

The aircraft that are in use by the air taxi operators
are primarily single and twin engine configurations. The major
air taxi operators have at least one twin in their fleet.
There is an increasing demand on the part of the customer for
the safety and comfort benefits of the twin engine aircraft.
Most of the twin engine aircraft are equipped with dual ADF ’s
and VOR/DME ’s (Appendix K). A small percentage of these air-
craft (5 to 10%) are RNAV equipped. Very few are equipped
with VLF or Omega equipment.

The air taxi user group , primarily operating these non-
pressurized aircraft , have problems associated with the lack
of low altitude enroute navigation coverage. These problems
are considered to be representative of the larger general
aviation user group of which they are a part .

The scheduled carriers , using primarily pressurized jet
or turbo-prop equipment , appeared to be satisfied with the
high altitude enroute coverage. Their problems were concen-
trated on improving approach capabilities , i.e. lowering the
minimums at many of the airports they serve .

In order to obtain a thorough understanding of the users ’
problems with the existing air navigation system , representatives

8
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of these user groups were interviewed. The information result-
ing from this effort was expanded and supplemented by subsequent
correspondence and telephone conversations. Similar informa-
tion was also requested and received from the FAA Alaskan Region.

The ma ter ia l  presen ted in the fo l lowin g paragraphs docu-
ments the user viewpoints obtained from these inquiries .

3.2.1 Air Taxi Operators

The a ir taxi opera tor s , represen ted by the Alaska Air
Carrier s Association (AACA), indica ted tha t their  problems
were two - fold: (1) enroute navigation coverage gaps at the
r e l a t i v e l y  low a l t i t udes  where they tend to opera te wi th non-
pressur ized  a i rcraf t , and to a les ser degree ( 2) minimums
that were too str ingen t at many of the airpor ts where they
opera te -

Th e enrou te problem is il lus trated by a typ ical operating
scenar io  w h e r e i n  the  a i r  t a x i  ope ra to r s  have i n f o r m a t i o n
r e g a r d i n g  the wea ther  at a de s t i na t i on  a i rpor t , i . e .  approach
conditions , prior to take off and can make a judgment at t h a t
t ime  w h e t h e r  or not  to abor t  the  f l i g h t .  A s i m i l a r  s i t u a t i o n
f r e q u e n t l y  does not p reva i l  w i t h  respect  to enroute  gaps .  These
gaps typ i c a l l y  occur in u n i n h a b i t e d  areas of rugged t e r r a i n
where m i n i m a l  w e a t h e r  i n f o r m a t i o n  is produced .  Thus , the
opera tor  has to “ f l y  out and take  a look. ” I f  the  wea the r  is
s a t i s f a c t o r y , he comple tes  the f l i g h t .  I f  i t  is u n a c c e p t a b l e ,
he a b o r t s  the f l i g h t  and incurs  the  o p e r a t i n g  costs  a s soc ia t ed
w i t h  a p a r t i a l  t r i p ,  but not revenue (unless  the tr ip  was
made against the operator ’s advice at the in sistance of the
passenger  or s h i p p e r ) .  If  the  enroute  wea the r  is m a r g i n a l ,
the opera tor is forced to make a judgmen t whe ther or no t to
con t inue the f li gh t wi th the inheren t sa fe ty imp l ic ati ons .

Due to the ex tremely moun tainous area in a southeas t par t
of Alaska , near ly  a l l  of the air taxi opera tions occur in day-
light under VFR conditions . The only users who make extensive
use of IFR equipmen t are the scheduled air carr iers . Con-
sequen tly, in this region of Alaska , improved navigation aids
would provide marginal benefits to the air taxi operators.
The percentage of uncompleted flights (flights that were ini-
tiated but that were turned back due to weather or some other
problem) were estimated by the AACA to range up to 30% in the
southeast. Improved NAVAIDS in this area would probably not
decrease this figure significantly. Problem areas associated
with operations in the southeast generally centered on improved
weather reporting capabilities and improved communications .
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In the cen t r a l  par t  of Alaska , the air taxi operations
are generally concerned with the movement of passengers and
cargo from the hub cities to the outlying villages. These hub
ci t ies include p laces l ike Anchorage , Be tt les , Be thel , Cordova ,
Fai rbanks , McGrath , etc . The NAVAID f ac i l ities in these hub
cities are characterized by VORTAC and/or ILS. However , in the
regions surrounding these hub cities , many small airpor ts have vir-
tually no instrument approach aids. A few of the air taxi opera-
tors in this reg ion have RNAV equipment; however , for approach
applica tions this equipment works satisfactorily only within
25 miles of the VORTAC station due to line-of-sight limitations.
The approach p rocedure tha t is mo~st of ten used at the presen t
t ime in this reg ion is flying IFR from the origin to the radio
facility that is nearest the destination , mak ing the descen t
on instruments over the facility until the aircraft is below
the overcas t , and then proceeding VFR to the destination air-
por t . At other times , it is necessary to fly above the over-
cast for  a spec i f i ed  dis tance , past  a NAVAID whose location is
es t ima ted by groun d speed compu tat ions , and then to descend
through the overcast near the airfield. Of course, unknown wind
fac tors can degrade the safe ty of this procedure.  I t was stated
tha t one po ten t ial use of DME in these procedure s would be the
determination of accurate ground speeds and distances from
the navigation facility.

In the Nor th Slope area , the air taxi opera tors suppor t
special ized in teres ts such as the oil explora tion and oil
drillin g operations . The high cost of down time for these
operations makes reliable air service almost mandatory . A
general measure used is that the typical cost of down time
for drilling rigs is one dollar per second. One of the
severe visual approach situations in the North Slope area
concerns the “whi teout” conditions that can exist in that area.
These conditions produce a problem of horizon definition.
Navigation coverage is needed under these conditions , even
though there may be no ceiling or visibility problems , in the
classic  sense , because of the lack of visua l landmarks in flat ,
snow-covered landscapes . Another problem in operating the
North Slope area is caused by the poor signal propaga t ion
characteristics attributable to frozen ground and snow . In
these areas , during the winter time , the useful range of an

• NDB is often limited to 10 or 20 miles. Under these circum-
stances , f ind ing airpor ts beyond this range , in IFR condi tions ,
w ithout the use of more sophisticated NAVAIDS , i .e . ,  VOR , TACAN ,
is d i f f i c u l t .

The air taxi operations in the Aleutian Islands generally
supplemen t the air carrier operations in that area. The major
problem in tha t area is the number of uncompleted flights that

• 1
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are caused by low ce i l ing and vis ib ilit y cond iti ons . The
pr imary  re quiremen t for  new NAVAI DS in thi s area would be to
reduce landin g minimums .

The AACA was , however , unab le  to e s t a b l i s h  a p r i o r i t y
l i s t  of a i r p o r t s  which  r equ i red  enhanced approach aid capabil-
ities. Further , they recognized the improbability of the FAA
supp ly in g lar ge quan titi es of non -p rec i sion appro ach a ids to
“air  taxi”  (as oppo sed to a i r  c a r r i e r )  air por ts .

Because of these factors the air taxi operators narrowed
the  n e a r - t e r m  a i r  n a v i g a t i o n  p rob l em areas , which  they would
l ike  to see remedied to s ix  enrou te gaps . They would  p r efe r
to see these  gaps f i l l e d  th rough  the i n s t a l l a t i o n  of s ix  VOR/
DME ’ s , ra ther than NDB / DME ’s, be cause of prece ived inadequac ies
of NDB ’ s when used in the Alaska  envi ronment . The p r i o r i t i e s
and suppor t ing  r a t i ona l e  for  these six facilities as defined
by t h i s  user group are as fo l lows :

1. St .  Mary ’ s

Both St .  Mary ’ s and the Taylor  Mounta in  s i t e s  would
prov ide  for  I FR c a p a b i l i t i e s  that  cu r r en t l y  do not
ex i s t  in an area served by 27 air  taxi opera tors
plus  at leas t  f i v e  other  ca r r i e r s  f l y i n g  r e g u l a r l y
between poin ts  in th i s  area and F a i r b a n k s  and
Anchorage . These air taxi operators made about
35 , 008 f l i g h t s , ca r ry ing  94 , 935 passengers , 4 . 6
m i l l i o n  pounds of f r e i g h t  and 1.2 m i l l i o n  pounds of
ma i l  in 1974 accord ing to repor ts f iled wi th the
Alaska  T r a n s p o r t a t i o n  Commiss ion (see ATC Summary
of Calendar  Year 1974 Sou thwes t f igures in Appendix
A ) .  A St .  Mary ’ s f ac i l i ty would also close a “gap”
and , at the same t ime , p rovide IFR capabi l i ties in
a very lar ge and busy sec t ion of the State a t the
del ta of the Yukon R ive r .

2. Taylor Maountain - Lime V i l l a g e  - Sparrevohn Area

A Taylor  Mounta in  f a c i l i t y ,  about equal in p r i o r i t y
w i t h  St .  Mary ’ s , would g ive new coverage on the
Anchorage -Be the l  rou te , at under the  10 , 000 f t
level , where  a “gap ” in NAVAIDS exis ts which is
almos t 175 mi l e s  long.

3. Kobuk

No NAVAID , even an NDB , exis ts in the Kobuk area.
Distance between nearest 2 VOR ’s is a lmos t 27 5 nau ti-
cal miles . There are at leas t 12 air  tax i f i rms
based in and around this  area , plus  a grea t deal of
seasonal mineral exploration activity .
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4.  Umia t

A facili ty at Umiat would provide an aid north of
the Brooks Range , half-way between Barrow and Bettles ,
which is south of the Brooks Range .  A l t h o u g h  not
filling the signal gap , it would a t leas t make avail-
able an aid in an area of unusual activity because
of oil and mineral-rela ted activities .

5. Beaver-Stevens  Vi l l age  Area

A Beaver facility would provide needed aid along a
rou te  heavi ly  t raveled in connection wi th  energy
developmen t in Alaska , as wel l  as other regular
commerce .

6 . Por t He iden

A Port  Heiden f a c i l i t y  would provide an aid on a
route  to the Aleu tian Islands , a route becoming
increasingly active because of energy-related
activities. Additional comments by the air taxi
opera tors support ing their reques t is presen ted in
Appendix A .

The AACA bel ieved that the building of these six VOR/DME
f ac i l it ies could be done usin g the very la tes t solid state
technology at a substantially reduced cost (discounting infla-
tion ) rela tive to the cos ts of s imilar  fac ili ties bui l t a few
years ago . They urged tha t all stat ions be unmanned , low-
power type , exploring the possibi l i ty of using solar and/ or
wind power as an energy source. Reducing site preparation
costs was considered by the AACA in selecting the aforementioned
six locations .

The AACA stated tha t safe ty is the one area wh ich has
been compromised because of Alaska ’s inadequate NAVAID system .
The demand made on Alaska ’s air taxi industry by the public
for vi tal transportation services makes it imperative that
every possible trip be completed , least freight and passengers
become backlo gged , resulting in extra push during periods of
good weather. This need to get the job done , in respons e to
pub l i c  pressure  to move goods and/or passengers without sub-
stan tial delays , is believed to be a con tribu ting fac tor to
Alaska ’s high accident rate. In the AACA ’s judgmen t, the six
facility locations recommended herein would result in a sig-
nificant improvement in Alaska ’s air safe ty record.
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I t was a l so  poin ted ou t by the AACA , that pilots being
t r a i n e d  today take  for  g ran t ed  a so p h i s t i c a t e d  n a v i g a t i o n
sys tems  and a i r c ra f t  m a n u f a c t u r e r s  b u i l d  and equ ip  a i r c r a f t
to b e used on the se a i rway sys tems . In A la ska , the  ope ra to r s
are f i n d i n g  it increas ingly  d i f f i c u l t to f i nd  p i lo ts who are
able  to “ f l y  by the seat of t h ei r  pan ts ” and the  AACA b e l i v e s
tha t  t h i s  r equ i r emen t  should  not be necessary .

3 . 2 . 2 CAB Cer ti f i c ated Scheduled Ala ska Car r i e r s

Meetings were held with representatives of Alaska Airlines ,
Reeve A l e u t i a n  Ai rways and Wien Air Alaska to identify each
of t h e i r  un i que problems with respect to Alaska ’s a i r  n a v i g a -
t ion sy stem . All seemed satisfied with the existing enroute
faci liti e s (reflecting their h igh a l t i t ude  op e r a t ion s)  a n d
dissatisfied w i t h t h e  a p p r o a c h  a i d s .  The p r o b l e m  is so s e r i o u s
t h a t  each has found  i t  n e c e s s a r y  to s u p p l e m e n t  the  FAA ’ s
a p pr o ach aid s y st em by in stal l in g and main t ai n ing their own
N D B ’ s at the following locations:

ALASKA AIRLINES REEVE ALEUTIAN WIEN AIR ALASKA

Wrangel l Sand Point (2) An iak Mokeryuk
Petersburg St. Paul Is. (2) Chevak Platinum
Sitka (Local i zer Enmonak Point Hope

Back-Up) Gambel l Quinhagek
Cordova (Currently Holy Cross Savoonga

Shut-Down ) Hooper Bay St. Mary 1 s
K ip nuk Tooksook
Kobuk

Privately-owned Microwave Landing Systems have been also con-
sidered at Bethel* , St. Mary ’s , Deadhorse *, An i ak , Dillingham ,
Kotzebue , Petersburg and Wrange ll.

These carriers each operate in different sections of the
state. Alaska Airlines operates primarily in the southeast
s e c t i o n  as w e l l  as p r o v i d i n g  d i r e c t  s e r v i c e  f rom S e a t t l e  to
Anchorage and Fairbanks . Reeve operates primarily f r o m

Pr ior to the FAA’ s installation of ILS’ s at these locations
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Anchorage  to the  A l e u t i a n  cha in , w h i l e  Wien opera tes  from
An chor age and Fa i rb anks to the we st coa st and Nor th Slo pe.
Due to these  d i v e r s e  a reas  of ope ra t ion , the th ree  c a r r i e r s
have d i f f e r en t nav igati on prob l ems .

3 . 2 . 2 . 1  A l a s k a  A i r l i n e s

Alaska Airlines is in the  process  of c o n v e r t i n g  to an a l l
7 2 7  f l e e t .  Such a c o n v e r s i o n  is predicated upon the ability
to provide s e r v i c e  w i t h  t h a t  type of a i r c r a f t  to the  commun i-
t i e s  of P e t e r s b u r g  and W r a n g e l l .  Advoca tes  of t h i s  change
p o i n t  out  t h a t , if implemented , this service would not only
facilitate a more efficient air c a r r i e r  ope ra t ion  (see A p-
pendix A), but would permit direct single aircraft freight
shipments from Seattle , Anchorage and/or Jun eau to Petersbur g
and Wrangell , th ereby e lemina t ing the time and cost fac tor s
associated with transferring each shipment from a 727 to the
Twin Otters which formerly served Petersburg and Wrangell.
Thu s , Alaska Airlines ’ NAVAID requ i remen ts are loca ted in
southeastern Alaska , where they have a need to reduce the
ceiling minimums to something less than 1,000 ft at both
Petersburg and Wrangell , in order to ensure dependable 727
se rv ice .

3.2.2.2 Reeve Aleutian Airways

Reev e Aleu tian Airways  opera tes a var iety of l a rge  prop
and turbo-prop equipment into a number of airports on the
A l e u t i a n  I s l a n d  cha in .  The wea ther exper ienced a long the se
routes  is c l a i m e d  to be some of the wors t in the wor ld . The ir
major o p e r a t i o n a l  problem concerns ope ra t ing  t h e i r  large  air-
cr aft into airports that have few or no approach NAVA IDS .
Sch edu le rel ia b i l i ty a t these a i rpor ts is poor due to the h igh
ap p roach mi nimums . In pa r ti cu l a r , they would  l i ke  to see
improved navigation aids at Port Heiden , Sand Point , Du tch
Harbor , and St. Paul Island . Reeve claims that 8 cancelled
fligh ts out of 29 scheduled for one month at St. Paul Island
cos t them $129 ,600 (details presented in Appendix A). Reduced
landing minimums at these airports could conceivably save
Reeve Aleutian many thousands of dollars each year.

Reeve has continually requrested the FAA to ins tall let-
down and enroute navigationa l aids along their routes. Except
for the Cold Bay station , the FAA has done nothing due to the
number of other requests that were given higher priority .
Consequently, Reeve is forced to continue to operate with
World War II non-directional beacons , high MDA ’s , etc.

Reeve maintains that while the need for more sophisticated
aids probably is not great when based upon traffic volume, air-
craft operations and area population , they are reasonable when
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operating efficiency , commun i ty requi remen ts , schedule rel ia-
b i l i ty and safe ty are considered .

W ith the advent of sophisticated turbine powered equipment ,
a few years ago , Reeve be l i eves  tha t newer and more modern
NAVAID facil ities are needed to ensure some sort of reliability
of service. The following are examples of four stations served
by Reeve a i r c r a f t , t he  le tdown f a c i l i ti es av ai l ab le  and Reeve ’s
comments on what is needed.

Por t Hei den

Serves the Peninsula area plus all the stations on the
sou th si de . The area i s f l at. LOC/D ME , VORTAC or TACAN
type equipment would allow minimums of at least 300 ft and
3/4 nm i. Better enroute aids , i . e . ,  VORTAC / TACAN , are needed ,
espec ia l ly  in lower al t i tude range , surface  to 12 ,000 ft. Much
developmen t in th is area is forecas t in the comin g years .
M ineral and oil exploration is increasing anually. This area
is served by YS-ll , C-46 , DC- 6 and , starting this winter ,
L-188 aircraft.

Sand P o i n t

One of Reeve ’s higher density stations . Reeve installed
two NDB ’ s at San Point last summer to establish an approach
which helps , bu t i t i s s ti ll m a r g i n a l .  The approach should be
f rom the  n o r t h w e s t .  Newer and more  modern aids would al low
t h i s  and could provide m inimums of 400 f t and 3/4 nmi , wi th a
much g r e a t e r  s a f e t y  f a c t o r .  Sand Point  is one of the large st
f i s h i n g  c o m m u n i t i e s . Es tab l i shment  of a community of 2 ,500
people is con t empla ted  w i t h i n  3 years  at Balboa Bay , 30 mi les
away , due to large copper discoveries .

St. Paul

Home of the only f u r  seal activity in the United States.
Touris t traffic during summe r months is increasing by leaps
and bounds each year. Missed trips due to fog season cause
great economic hardship (details in Appendix A). A VOR has
been programmed by the FAA Alaskan Reg ion for years , but con-
tinua lly denied. TACAN/VORTAC would serve as an enroute aid
to international traffic and allow for lower minimums , safer
operation and more reliable service.

Dutch Harbor

Largest community in Aleutians , center of the King Crab
industry , employ ing 1,000 plus workers. There are nine crab
processing companies at this location. No aids exist at the
present time. It is strictly a VFR operation . Installation
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of VORTAC or TACAN equipment would al low for  more r e l i ab le
and safer  opera t ion in an area of extremely difficult terrain.

3.2.2.3 Wien Air Alaska

Wien A ir Alaska has found the lack of NAVA IDS at many of
the airports they serve to be critical enough to justify the
installation and operation of their own NDB’s. These NDB ’s
give them some measure of navigation coverage throughout most
of t he i r  service area.  However , they would like to have a
f a c i l i t y  at St .  Mary ’ s which would improve bo th the enrou te
coverage and the approach s i tua tion at tha t airpor t . Ano ther
problem area for Wien concerns the hub airport to outlying
area traffic. Instrument approach procedures are general ly
adequate at the hub airports; however , from there passengers
and cargo can travel to the outlying airports only in VFR
condi tions , due to the lack of NAVAIDS at these airpor ts.
Consequen t ly,  opera tions at the hubs are of ten hampered by
lack of abili ty to get aircraft in and out of the outlying
airports. In particular , the cost of housing and feeding the
passengers on these delayed flights creates an economic hard-
ship upon the company .

Wien Air Alaska supplied a list of stations , in order
of priority , together with the type of NAVAID support they feel
is necessary . This list is shown in Table 3.2.

3.2.3 Trans-Alaska Pipeline and Roads Projects

Representatives of Bechtel , Inc., respon sibl e for a i r
transpor ta t ion in support of the pipeline project indicated
that they are satisfied with the NDB/DME system they have
installed for the construction phase. However , they indicated
that higher powered beacons might have been a wiser choice.
Grounding is a problem which necessitated laying out 35 copper
spokes at lengths of 500 ft. Even then , the ranges were only
10 or 15 miles. An adequately equipped airport on either side
of the Brooks Range was the only long-term NAVAID-related need
identified .

3.3 NAVIGATION REQUIREMENTS IDENTIFIED BY THE FAA ALASKAN
REGION

The Ala ska Re g ion FAA , supplemen t ing the user viewpo in ts
addre ssed in Sec ti on 3. 2 , was the final source of information
focusing on NAVA ID-rela ted requirements. In September of 1972
the region issued a memorandum entitled ,. “VORTAC Review -

Phase Three ,” in which 30 locations are identified with associ-
ated justification for VORTAC installations at those sites .
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Table 3 .2
Wien Air Alaska

Approach Aid Requi remen ts

PRIORITY LOCATION REQUESTED NAVAID

1 (b) Kotzebue u S , VOR/DME
2 (b) Dillingham ILS , VOR/DME
3 (a)(b) St. Mary ’ s u S , VOR/DME
4 Una lakleet  ILS , VOR /DME
5 (a)(b) Aniak u s , VOR/DME
6 McGrath u S , VOR/DME

7 (a) Hooper Bay VOR/DME
8 (a) Eminonak VOR /DME
9 (a) Gambel l VOR/DME

10 (a) Savoonga VOR/DME
11 (a) Holy Cross VOR /DME
12 (a) Point Hope VOR/DME
13 (a) Mekonyuk VOR/DME
14 (a) Tooksook VOR/ DME

15 (a) Kwinhagak VOR/ DME
16 (a) Platinum VOR/DME
17 (a) Kobuk VOR/DME
18 (a) Kipnuk VOR/OME

19 (a) Cheva k VOR/DME

(a) WIen currently operating their own NDB ’s at
this station

(b) Wien previously considered using the Boeing
MLS at this station
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This lis t, shown in Table 3.3 (less Deadhorse and Barrow), was
originally used in this study . Just prior to draft report
publica tion , this l is t  was superseded by a new set of VORTAC
requirements extracted from the “FAA Alaska Regional Opera-
t ions Plan ,” da ted July 27 , 1973. A review of these changes
(see Appendix B) indicated that they would not significantly
alter the results of this study .

Table 3.3

FAA Alaska Region Proposed VORTAC Locations *

~~D TA O T TV  PROPOSED VORTA C
r~LV ,~~I JI  SITE LOCATION

1 St. Mary ’ s
2 Sparrevohn
3 St. Paul Island
4 Haines
5 Barter Island
6 Chandalar
7 Ca pe Newenham
8 Cape Spencer
9 Yakataga
10 Cordova
11 Iliamna
12 Puntilla Lake
13 Sagwon
14 Wien Arctic Vil lage
15 Bornite
16 Liiiiat
17 Wainwright
18 Aniak
19 Suninit
20 Minchumina
21 Lonely
22 Stevens Village
23 Cape Li sburne
24 Adak Island
25 Michltka
26 Nlkolski
27 Port Heiden
28 Cape Sarichef

W
FAA Alaskan Region VORTAC Review - Phase Three , dated
11 September 1972.

‘~~~~ ,
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Additional rationale supporting the recommended NAVAID
site locations is included in Appendix J.

3.4 COMPARISON OF ALASKA AIR SAFETY AND SCHEDULED AIR SERVICE
DEPENDABIL ITY

An overall United States to Alaska comparison of these
two stati stical param eters was developed to explore user
statements (Section 3.2 and Appendix A) regarding the rela-
tively poor safety and scheduled service dependability records
by Alaska ’s air transportation system . These results provide
some indication of the latent benefits that could be achieved
by upgradin g Alaska ’s a i r  transpor tat ion sys tem , including
the a i r  naviga t ion sys tem componen t , to a level comparable
with that currently attained in the lower 48 states .

3.4.1 Safety

While it is true that factors other than the relative
adequacy of the air navigation system contribute to air safety ,
i t is still useful to examine air safety statistics in order
to ascertain if improved air navigation aids could at least
be par t i a l ly  warran ted on an air safe ty basis.  When total
acciden t , fa tal acciden t, and f a t a l i ty ra tes of Alaska air  ser-
vice are compared with the corresponding safety records produc-
ed by comparable service in the U.S., it is found that the
Alaskan rates exceeded those of the total U.S. by about an order
magnitude . Table 3.4 summarizes this information which was
derived from the detailed data presented in Appendix C.

Although it is d i f f i c u l t  to q u a n t i f y , Alaskan  users  do not
believe it unreasonable to assume that  at least a port ion of
th i s  d i f f e r ence  can be attributed to the dominant use of
ADF /NDB in Alaska versus the use of a VOR and/or VOR/DME navi-
gation system in the lower 48 states.

3.4.2 Scheduled Air Service Dependability

Another useful figure of merit for assessing the efficiency
of an air transportation system is service dependability .
This parameter , again like safety, is not wholly attributable
to , but nevertheless is considered by Alaska users to be
related to , the capabilities of the prevailing air navigation
system .

Figure 3.5 illustrates the per cent scheduled departures
not completed , a measure of service undependability , for the
Alaska CAB certificated route air carriers , the U.S. local
service certificated route air carriers and the U.S. trunk
certificated route air carriers . The annual and individua l

22
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A A la skan CAB Certificated Scheduled Carriers
• U.S. Local Service Carriers

• U.S. Trunk Carriers
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Figure 3.5 Percent Scheduled Departures Not Completed
Comparison Between Alaskan Air Carriers and U.S.
Local Service and Trunk Carriers
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ca r r i e r  da ta , from which the statistics illustrated in Figure
3.2 were derived , may be found in Appendix C. An examination
of Reeve Aleutian ’s per cent scheduled departure completion
record points out the need for more sophisticated NAVA IDS
on the Aleutian chain. The Alaska carrier “undependability ”
is from three to four times that of the local service carriers
and four to eight times thac of the trunk carriers. Further ,
the rate of improvement (based on a least squares fit of the
CAB data points) appears to be slower for the Alaska air
carrier group than for either of the other two user groups.

A 25



I V .  CHARACTERISTI CS OF CANDIDATE NAV I GATION SYSTEM S

This sec ti on summar izes  the charac teris tics of the candida te
navigation systems considered in this study as potential short-
t e rm s o l u t i o n s  to Ala ska ’ s A i r  N a v i g a t i o n  p r o b l e m s .  The
characteristics include cost , covera ge , accuracy , reliability,
m a i n t e n a n c e , power r e q u i r e m e n t s , a c c e s s a b i l i t y ,  and s i t i n g
requ i r emen t s .  The data has been ga thered from FAA Head quar ters ,
the FAA Alaskan Re g ion Of f i ce , manufac turers , air  c a r r i e r s ,
a i r  t a x i  o p e r a t o r s , and p i l o t  c o m m e n t s .  These da ta  reflect
those current and projected values available at the time of
this study , and should be modi f ied  as more curren t in forma ti on
becomes available. The pilo t input is considered to be
valuable in that it provides insight to actual system per-
formance in the f i e ld  and could conceivably be the basi s of
assessing the relative feasibility of a particular system .
The da ta is presen ted in the form of a table wi th associa ted
narra tive .

4.1 CHARACTERISTIC S

The characteristics of the candidate navigation systems
(NDB ’s, NDB / DME ’ s, VOR / DME ’ s and TACAN) are shown in Table
4.1 , and represent a summary of all the best data available
concerning these systems as of the date of this study . Although
it would be desirable to compare these systems according to
some p r e s p e c i f i e d  r e g u l a t o r y  s tandard , i t  becomes v i r t u a l l y
impossible , in lig ht of the unique characteristics peculiar
to the Alaska  re gi on. A pr imary d if f i c u l ty in evalu ating the
a t t r i b u t e s  of the var i ous sys tems is assess ing the p rob lem
associated with siting the ground facilities . This problem
does , in  f a c t , have a m a j o r  impact  upon the d e t e r m i n a t i o n  of
the r e l a ti ve des ir ab i l it y of a par t i cu la r  sys tem.

In con tras t to the lower 48 sta tes , access roads and ava il-
able power are virtually non-existent for major portions of
Alaska. This necessitates providing auxiliary power and a
me ans of acces s. G e n e r a l l y , an attempt is made to locate a
new navigation facility at an existing airstrip, in the
v i c i n it y of an ex i s t in g ai r s tr ip or in a reg ion where  an
airstrip can readily be established. Also , if the f a c i l i ty
can be loca ted such tha t establ ished res id ence s are in the
v i c i n i t y ,  a l a rge  p o r t i o n  of the  cost can be dele ted (n ote
the p r i c e  of h o u s i n g  in Tab le  4.1). S i m i l a r l y ,  the  a v a i l a b i l -
ity of local power makes a considerabl e d i f f e r ence in cos t
since i n tha t case a u x i l i a r y  power and addi t ional  fuel  storage
r e q u i r e m e n t s  would  become unnecessary .
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TABLE 4.1
ALASK A NAVAID CHARACTERISTICS~

’
~~

1

SYSTEM NOB NOB/ONE YORJDME TACAN
PERFO W

COVERAGE
IAIf.E (N .N!) (10-1700) HORIZON CUTOFF HORIZON CUTOFF HORIZON CUTOFF
LIMITATIONS PROPAGATION EFFECTS LINE OF SIGHT LIME or SIGHT tiME OF SIGHT

(E.G. .  PRECIPITATION)
SIGNAL DIPENOABILITY EFFECTED BY : PRECIPITATION . PRECIPITATI ON . SCALLOPING SCALLOPING EFFECTS

GROUNDING GROUNDING IIJU I-PATH KNOUN BUT LESS
114AM VOR. NULTI.PATH

RELATIVE SIGNAL RELIANILITY LOU MED. lED. HIGH
REMOTE PQUE R RYQI J IREME NTS

PRII4AIY
TYPE DIESEL GEM DIESEL GEM DIESEL GEM AUX . GEM
OUTPUT 7r4 1303i )0.S~ f 1400AC - 1000CC

SACK)~
TYPE BATTERY (F) (F) BATTERY
OUTPUT 2.4 HAS 2-4 MRS

SITING REQIJIP EMEPIT S
ANTENNA SITE TERRAIN G000 GROUND CONDUC- 6000 GROUND LARGE FLAT (2OOO~RAD) HINDU4

T IV I T Y CONDUCTIVITY WIOSST~KTED AREA REQUIREMENTS
LOCAL. TERRAI N POSSIBLE PROPAGATION LIlic OF 514341 LINE OF SIGHT LINE Of SIGHT

PROBLENS DUE TO CANYON CUTOFF CUTOFF CUTOFF
WALLS

POND PL ANT DIESEL DIESEL DIESE L ———— N A----
Rift STORAGE (NO. OF GALS.) 1 YR SUPPLY 1 YR SUPPLY 1 YR SUPPLY 1 YR SUPPLY
HOUSING REMOTING POSSIBLE REHO TIN G POSSIBLE REPOT IN G POSSIBLE RENO TING LIKELY

( CHNIDALAR) (HOSES PT.)
IRRINTEMANCE

SCHEDULED
FLIGHT CHECK (FR(Q/YR ) 25-505 OF y~ ~~~~~~~~ ----100---- ----NA----
POUt! PUNT (FRKQ/YR ) ONCE/2WK.S ONCE/2MKS ONCEI2VKS -. --NA----SNOf REMOVAL ICE BUILDUP ON TONERS —— — — TB !) -— — — YES - CAUSES —-—-NA- .——SI GNAL REFLEC T ION

EME RGE NCY
REMOTE DIAGNO STIC EVENTUALLY EVEII1UALLY EVENTUALLY
ON SITE DIAGN OSTIC •..-NA--.~. —-- .N A---- ---.MA--.- YESCORTY*IOUS OW SITE HON/AL NOT WECESSARF HOT MEC (SSATh’ 621 XEGETSAR? NOT NEC ESSARYSERVICE CAPABILITY DESIRABLE YES YES YES YESPOVER SOFT FAIL NODE ( HRS) 2-4 MRS ---•MA-.-- 0 4 MRS

APPROACH MI N 1 PU6 (q)
AVE RAGE VISIBI LITY (MI) 1.56 1.22 1. 16 1.16
AVERAGE CEILING (FT ) 1396 604 806 606
LAN DING PROBAB I LITY 0.75 0.62 0.84 0.84

c~~
CAPITAL (1/UN IT) VOR/OMESITE ACQUiSITION $ PREPARATION 97.600 129.200 365.000 118.300ACCESS ROADS 158.600 (I, Nt) 158.600 390 .000 (3 M !) 158.600POUt! SOURCE 115,000 175,000 360,000 175.000MOUSI NG 170 .000 ( IF  NEED ED) 170.000 ( IF  NEED ED) 170 .000 (IF NEEDED) 170.000 ( I F  NEEDED)EQUIPME NT 20.000 20.000 (dl . i~~~...(e) 150.000INITIAL CALIBRATION . TESTS. ETC. 3.900 11.100 7 .800 13,000

TOTAL 625.100 663.900 .292 .800 (CXC . OF 784 .900
(61.000 TIE IN FOR EQUIP.) (634.9% LESS EQUIP. )
IUINITORING) (195.600 l I E  IN FOR (6 1,000 l IE  IN)

I~~IICRINC)
MEOI60ING (S/LJIIT,,R )

MRINTE NNICE

PARfl
FLIOVT GHEC& -

T0T?d. 3.136/YR 14.200/YR 27 .200/ YR 12.000/YR
USER IHOACT AlVIN tuG. A/C OR LARGER)

AVIONICS COST (S,Ac) 2300-4000 (ADE ONLY) 4000-9600 (ABc • ONE) 5600-10.400 6750-13.200 (NAV CON
(NAVWI Oft) ORE • CONVERTER)

(a)  CO~~UN !CA lION WITH POD PV~RR I cON Of FAA ALASKA RE f.IO ’IA L O F F I C E .
~~ AVAILABLE ib) MLMO4,AUOUN 111114 D INt C T O ’l , Ut-I TO ARD- 300. I N IIIIH4AT,flN 114 IIAVA ID FACILITIES IN ALASKA REGIO N , REFERENC E

T84 • TO SC OITCABIN EO AR)- 33l~~ L L T I I R  I~.’,1t fl SIPII’” (R 27 . T97 4 , N O V I M Z I R  6. 1914 .
Ic) SLAI V EY Of AVIO N IC E QU I PME N t  Cisis, A , SIPO LUNA S . J . CUP P .
(d) BOYS NOT INC lUDE (11* E QUIPM ENT COSTS (H O).

~ e) MO . WA SHINr.TITO rIIP ) I SNFII  EQU IP ME NT.
F) ‘I~~ sc*. ID STAIr vi v’.I’wr, WIL L u&vt BATTERY BACKUP CAP AB ILIT Y .

~) AIIIII ALI4 M INIMIM’, A ’ I TI ‘.LNSI i lYE . AV CRA ’.I V ALU I S L ISlEt) AR E RASEB 00 ThE AIRPO R T SET ANAL YZ ED IN
THIS STUDY 1011 EA Ch ‘IDV A ID SVY,I(M .
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An add itional fac tor a f f e c t ing cos t is the re gion
where the facility is to be located. For example , a loca t ion
on the  N o r t h  Slope presents  unique  c o n s t r u c t i o n  prob lems  due
to the p e r m a f r o s t .  In the Sou theas tern region , the rugged
t e r r a i n  and adverse wea ther condi tions crea te  other un ique
con st ruc t ion and main tenanc e (access)  problems .

I t  is  c l ea r  t h a t  t h e  s i t i n g  of n a v i g a t i o n  f a c i l i t i e s  in
the State of Alaska is not nearly as straight forward as in the
lower 48 states. Each proposed site typically has a uni que set
of problems. Hence , it becomes a challenge to identify an
;iverage cost for a particular navigation system. The system
peculiar requirements for siting, access roads , auxiliary
power and housing, however , provide a means to differentiate
the relative ground-based navigation systems considered in this
study. The basic differences in t hese  r e q u i r e m e n t s  for  each
of t h e  systems will be discussed in more detail in the follow-
ing subsections .

4 .1 .1 NDB

The n o n d i r e c t i o n a l  beacon (NDB) is a commonl y used sys tem
in the  Sta te  of Alaska . This system operates at low frqeuency
and is a bear ing  only- type navi gat ion sy stem. Equipmen t cos ts
are rela tively inexpensive since it consists primarily of a
tran smi tter and an an tenna tower. The propaga t ion of radio
waves from this system depends upon local ground conductivity .
When the ground is frozen , such as on the Nor th Sl ope dur ing
much of the year , the conductivity is essentially nonexistent .
To overcome this problem , copper wi re  is placed in the ground
surrounding the tower with frequent adjustments typically
required.

Ano ther problem of the NDB sy st em is precipi tat ion static
which can essen t i a l ly  e l imina te the propaga ted signal . Pre-
cip itation static is the primary disadvantage of NDB ’s and ,
in areas w it hin  the Sta te of Ala ska where lar ge amoun ts of
precipi ta t ion do occur , this resul ts in ex tremely poor a ir
naviga tion when only NDB coverage is provided. This particu-
lar propagation anomaly makes it difficult to ascertain
the range of a given NDB facility. As noted in Table 4.1 ,
the range can vary from a few miles to approximately 1500 miles
to 1700 miles. Typically, the ranges are on the order of 30
to 50 miles.

Because of the lower propagation frequency associated
w ith NDB’s, t h e  s i g n a l is not  line-of-sight restricted. How-
eve r , the local te rr a in does a f f ec t the prop aga ted s i gnal
ex tens ively . For example , a stand ing  wave may be established
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in a canyon and a receiv er us in g th e si gnal can receiv e errone-
ous in fo rm ati on as th e resul ting wave bend s due to the local
topography . Studie s* have also shown tha t other ter ra in  ef-
fects exist which , in actual operation , can cause needle
swings as great as 20 degrees . The amount of needle swing is
also dependent , however , on the sophistication of the airborne

• receiver.

One additional problem that can arise , especial ly dur ing
• the winter , is ice b u i l d - u p  on the tower s . The e f f e c t of th is

build-up is a reduction in power output and , hence , range.

Th e above p rob lems , when aggregated , cast considerable
doubt with regard to the reliability of the present NDB navi-
gational system .** Many of those pre sent ly imp lemen ted ar e
modified homing devices which , in the Al aska env i ronmen t , pro-
duce mar ginal performance characteristic . - As a long-term
navigation solution , it would appear to be inadequate.

The cur ren t NDB elec tronics  are such tha t they are amen-
able to emergency battery power. Hence , in the case of power
failure , the f ac i l i ty can be main tained for a period of 2 -4
hours  on ba tt ery power depending on the number of ba tter ies
available at the facility . The NDB system is scheduled to be
updated with improved performance solid state electronics.
This wi l l  provide the cap abil i ty of rem ot ing the si tes; hence ,
reduc ing the cos t . Curren t ly ,  Chandalar  is remo ted .

4 .1 . 2 NDB / DME

The NDB navigation system is a bearing only device and ,
hence , is unsu itable for a posi t ion f ix.  Two NDB ’ s can be
used to determine intersections and , thereby , prov ide a means
of pos it ion determina tion. However , overl app ing sign als f r om
a t leas t two NDB ’ s ar e required , which is a rare oc currenc e
in the existing Alaskan system . A reasonably accurate fix can
be ob ta ined dur ing stat ion passage.  However , it is desirable ,
for le tdown purposes , to have information regarding di stance
to station. This informa t ion can be made ava i lable  by co-
locat ing a DME w ith the NDB .

Berry , L . A . ,  Fi tzgerrell , R.G . and Vogler , L . E . ,  “Inves t iga-
tion of Effect of Antenna Type on LF Non-Directional Beacon
Per formance ,” Report No. FAA-RD-73-174 , FAA , SRDS , Washing ton ,
D . C . ,  December 1973.

** The FAA indica ted tha t new NDB ’s are expected to provide
significan tly improved performance.
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The prob lem associated with combining NDB ’s and DME ’ s
is tha t a mixed  propaga t ion mode resul ts because of the d i f f e r e n t
frequencies of operation. The DME navigation system is line-
of-sight dependent , whereas the NDB is not l i n e - o f - s i g h t  but
has o ther propaga t ion pecu l ia r i ties as previou s ly d iscussed.
Thi s impl i es tha t bo th s ign als may no t be received simul tane-
ouslv in a continuous manner. The implications of this mixed
mode are not certain at this time ; however , it does p r o v i d e
a more accurate means of letdown from enroute flight to final
approach. Addition of DME to NDB does not require excessive
cost as observed in Table 4.1.

Al thoug h the majority of the instrumented aircraft contain
ADF av ion i c s , no t all have DME r eceivers (Append ix K ) .  Hence ,
for NDB / DME type navi gat ion , it becomes nece ssary f or many
users to install the additional avionics. Independent of the
type of DME avionics selected , the expenditure will be signi-
ficant.

4.1.3 VOR

Th e p r imary  navi ga tion sys tem in CONUS is the VOR sys tem.
Approx im ate ly 900 ground sta t ions are in use in the lower 48
states as opposed to 33 in the State of Alaska. It is recogniz-
ed that a major reason for such a low number of VOR’s is the
ex tensiv e site prepara tion and corresponding cos ts typ ica l ly
required in Alaska. The terrain in Alaska , for  the mos t par t ,
does no t l end it self  to su itable VOR si t ing . In mos t loca-
tions , a la rge area mus t l itera l ly be lev el led o f f  in ord er f or
loca l  t e r r a i n  to be amenabl e to s ignal propagation . The extent
of this preparation is reflected in the  siting costs quoted
f o r  VOR in Table 4.1. The site prepalation is necessary
to attemp t to reduce the scalloping phenomena which can occur
in VOR signal propagation. The si gnificance of siting problems
associated with VOR applications in Alaska is borne out by the
diff iculties encountered in attempting to commission VOR
facili ties. For example , for the facility at Kenai , the FAA
has expended a large mount of t ime and money dur ing the commis-
sioning attempts. In other areas , it is virtually impossible
to site a VOR at al l due to the local terr ain .

During the winter months , heavy wet snow buildup on and
around the counterpoise creates additional propagation problems .
The sn ow bu i ldup  chan ges the ch arac ter istics of the coun ter-
poi se in  such a manner  th at the signal  ac cur acy degrades .
The d e g r a d a t i o n  can i nc rease  to such a degree t h a t  the VOR
can become unusable. This is especially true in remote areas
where maintenance personnel are not available to remove the
snow .
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• Current attempts are being made to alleviate some of
the VOR siting problems. These include such design changes
as stacked antennas. These modifications are currently in
the research and development phase and it is not certain as
to their abilit y to overcome the typ ica l  VOR si ti n g prob lems .
There are , in fact , cases where  more expens ive  DVOR ’ s , for
example , could not even he commissioned due to their inability
to reduce the VOR anomalies. Further study and testing must
be perfo rmed with these systems prior to drawing any conclu-
sions regarding their usefulness for Alaska applications.

4.1.4 VOR/DME

The VOR ~;ystem , which provides bearing information only ,
can he complimented with DME to p rov ide  s u f f i c i e n t  i n f o r m a t i o n
for position fixing . In CONUS , position fixing can be
ach i eved  by r a d i a l  intersections from two VOR ground stations.
However , as w i t h  t h e  NDB s y s t e m  in A l a s k a , the  VOR sys tem
generally has insufficient facilities to provide signals from
two VOR ’s s imul tan eousl y. Hence , position fixing must be
obtained through VOR combined with DME .

Unlike the incompatibility between NDB and DME propaga-
tion characteristics , the VOR and DME sys tems are compa t ib le
in that they are both line-of-sight systems . An inconsistency
arises in the transmission frequencies since the VOR operates
i n th e 100 MHz ran ge and DME opera tes in the 1000 MHz range .
The reason for this difference is that the DME is extracted
from the TACAN por t i on  of a VORTAC stat ion , and TACAN oper ates
in the 1000 MHz range (some stations have DME only) . From a
navigation support coverage point-of-view , the VOR and DME
systems provide the same coverage which is essentially
restricted by local terrain and line-of-sight limitations .

A pr ima ry advan tage of comb in in g VOR and DME is the capa-
bility to navigate in an RNAV mode . This navigation mode
cou ld  b e advan tag eou s i n Alaska  where  many un ins trumen ted
airstrips lie in the vicinity of a VOR/DME facility. This
navigation mode provides the capability to perform point-to-
point navigation without the requirement of having a navigation
a id at each poin t , although the line-of-sight factor limits
the use fu l  range (approx ima tely 25 nm) for  approach appl i ca-
tion.

4.1.5 TACAN

Th e NAVAJO norm a l ly us ed by the milit ary for  bear ing
m e a s u r e m e n t s  is known as TACAN . TACAN opera tes in the
1000 MHz range CL-band) and , hence , requ ire s d i f f e r e n t ai rb orne
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receiver e~ uipmen t . In general , TACAN has been found to have
significantI ~’ reduced sca lloping effects relative to the lower
frequency V~ R .  Some of the problems with TACAN , especially
the older vers ions , are a 40° lock-on problem , due to the nine
lobe signal pattern , and other multi-path problems .

~~st ~f TA \\’ s problems have apparently been overcome ,
especially that of hi~,h maintenance , by the introduction of
solid state electronics. Such a ground system has been devel-
oped for DOD hv a number of manufacturers. This system appears
to he highly reliable and accurate. One data source that
provides some insight as to the feasibility of TACAN is the
demonstration performed in Alaska. Th is demonstration con-
sisted of pl acemen t of the system at four adverse locations :
A n ch cra gc , Kenai , Valde : and the Sparks Oil Platform . A single
ground unit was used and set up at each of the four sites and
flight checked within a three day period . This is particularly
of interest in light of the difficulties encountered in
flight checking the VOR at Kenai. However , the low antenna
heights used and the. minimum power radiated , to minimize mult i-
path problems , may limit TACAN ’s practicality even if accepted
as a substitute for VOR.

Ano ther data source is the unit installed by As pen Ai r-
ways in Aspen , Colorado . Many unsuccessful attempts had been
made to provide navigation support in this area. The TACAN
sys tem has seen successful operation since its comm issioning
over a year ago.

Because of the type of electronics associated with the
n~s solid state TACAN unit , the power requirements are not
great. The units can be operated using auxiliary battery
p o w e r .  Because  of t he  low power r equ i r emen t s , the t ranspor ta -
ion and storage of fuc~. (one year supply) requirements are not

as extensive as for the other navigation systems .* Perhap s
even more important , the nature of the signa l propa gation does
not requi re as extensive site preparation as NDB (grounding)
and VOR (leveling local terrain) systems .

The portability of the unit is also an attractive feature .
The claim has been made that the unit , wi th an FAA-approved
shelter , can and has been slung from a hel icop ter . Howev er ,
it was indicated that remote sites may still re..~u i re  h o u s i n g
and access roads; thereby adding to the individual costs and
thus minim i: ing TACAN ’s potential advantage.

The FAA indicated that this advantage is expected to be reduced
or eliminated when the new generation VQR/DME system becomes
operational.



The TACAN system must also be evaluated on a site-by-site
bas i s wi th regard to cos t . For example , if the sys tem is not
complete ly portable and canno t be tota lly remo ted (access
road and hous ing required) , the cos t, as seen from Table 4.1,
is $695 ,900, exclusive of equipment . If the facility can be
loca ted on an existing building or in such a manner that new
housing, power and access roads or airfields are not required ,
the cost , over and above equipment is $ 24 ,000 for a shelter * and
flight inspection. The VOR , on the other hand, cos ts $ 1,487,000
for the completely remoted site exclusive of equipment. This
is approximately twice the cost for a comparable TACAN facility .
Wha t the requ irements for the minimum VOR facil ity are is un-
certain at this time. However , i f tha t m i n i m u m  i s assumed to
consist of preparation , building and flight inspec t ion , then
the associated cost is estimated to be $372 ,800 , which is
substantially greater than the corresponding TACAN cos t . As-
suming that VOR/ DME equipmen t cos ts are on the order of
$300 ,000** , the pr ice differential is on the order of four to
one for the m inimum ssys tems . The impact of cos t on a site -
by-s ite basis should be determined which , however , would r equ i re
a detailed analysis that is beyond the ‘~cope of this study .

A significant disadvantage of the TACAN system is that it
requi res av ionics of a different nature than wha t is currently
util i zed . However , a bearing unit adap ter may be for thcoming
wh ich can be made compatible with most existing DME receivers.
The cost of this adapter has been es t imated to be 50% of the
cost of the DME be ing upgraded. Hence , a DME cos ting $2 ,000
could be upgraded to a complete airborne TACAN unit for an
additiona l $1 ,000 or a $10 ,000 DME could be upgr aded for an
additional $5 ,000. The problem is that many users would have
to completely re-equip to use this system , s ince few have DME
at p r e s e n t .

One a d d i t i o n a l  cons ide ra t i on  is that  implemen ta t ion  of
a TACAN sys tem as a navigat ion gap f i ller does not require
a comp le tely new se t of ground facilities. On the contrary ,
an examination of Alaskan facilities reveals 28 VORTAC ’s,
2 VOR/ DME ’ s , and 3 VOR ’ s. The VORTAC ’ s are c iv i lian VOR ’ s co-
located with TACAN . Hence , TACAN navigation is curren t ly avail-
ab l e fr om 28 of 33 fac ili ties. Imp lement ing addi t ional TACAN ’s

$11 ,000 of site acquisition and preparation cost apportioned
to equipment shelter.

New VORTAC equipment is currently estimated by the FAA to
cost considerably less but the siting and other logistic
costs should still override this factor.

- -  
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as gap fillers would be compatible with the already existing
dual VOR/TACAN system . Conversely , TACAN is not internation-
ally accep ted and it is quest ionable whe ther this condi t ion
will ever change. Hence , TACAN , if implemen ted for Alaska ’s
c ivil users , would be a unique solu tion for a specialized
user g roup. This is an especially important factor since
Loran-C , Omega , and/or GPS/NAVSTAR are the prime contenders
for VOR rep lacemen t.

4.2 ALA SKA N A IRB ORNE AVI ON ICS

The de termina t ion of the potent ial benef it s of any propos ed
nav ig a t ion sys tem , par t icularly for shor t - term and/or inter im
imp l emen tat ion , must be based upon the ability of the users
to utilize the systems. In this regard , the avionics sys tems
curr ently in use in Alaska are of considerable importance.

FAA A ircraft Master Registration Tapes contain a variety
of da ta it ems per taining to each a ircraf t current ly reg i s tere d
w ith the FAA . While the da ta were based upon 1974 re gi s tra-
tions , it was considered sufficiently current to provide usable
av ionics statistics. Detailed information obtained from these
tapes is p resen ted  in Appendix K.

An examination of Table K.l of Appendix K reveals that
only 30 of 341 air taxi aircraft are equipped w ith the av ionics
to operate both in a NDB/DME mode and a VOR/DME mode . Includ-
ing the RNAV equipped a i rcraf t , only 5 2 or 15% of the total
air taxi aircraft have DME ’s. This would imply that the
majority of air taxi operators would have to invest in DME
equipment to take full advantage of the proposed interim solu-
ti on of NDB/DME . On a total Alaska f lee t bas is the per centag e
is even less , only 301 had ADF/VOR/DME (including those with
RNAV ) avionics , or 8.4% of the total.
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V. EVALUATION OF SHORT-TERM ALTERNATIVES

An objective of this study was to establish a recommended
i m p l e m e n t a t i o n  sequence or r ank ing  of candida te  nav iga t ion  aid
loca t ions , based on the ant icipated benefi t that would result
fro m the i r incorpora t ion into Alaska ’s Air Nav igation Sys tem.

As indicated in Section III , improvemen ts are needed for
both enroute and approach applicat ions . The enroute needs may
be c h a r a c t e r i z e d  as “ gap f i l l i n g” of e x i s t i n g  rou tes as wel l
as the crea t ion of new routes. The approach applicat ions
include providing new ins trument approache s and/or lowering
the m inimums at airfields that currently have ins t rument
ap p roach cap ab i li t ies .

Due pr imar i ly to the lack of de tailed records , sufficient
quanti fied informa t ion wa s no t available from Alaska ’s a ir
nav ig ation sy st em user group s to perm i t the de termina ti on of
the cos ts incurred by the user s attributable to e ither the
total or indiv idual navigati on sys tem deficienc ies.

If these cos ts could have been es t imated , it would have
been poss ib l e  to estab li sh a sin g l e f i g u r e  of meri t , i.e.,

• reduced user costs , for each candida te NAVAID ins tallation,
independent  of w h e t he r  its primary app licat ion was enroute ,
approach or both.

In l ieu of a sing le figure of meri t , separate , performance
related cr iteria were es tablished for both enroute and approach
applica t ions . Application of these two se ts of criteria
produced results which were subsequent ly used in conjunct ion
wi th a th ird , somewha t more subjec t ive , set of criteria devel-
oped to es tablish a recommended implementat ion sequence for
the combined se t of propo sed enroute , approach , and dual
(enr oute and approach) NAVAID loca tions .

Each of these three se ts of criteria were applied to the
f ive types of NAVAIDS (NDB , NDB/DME , VOR , VOR/DME and TACAN)
considered to be feasible for short-term solutions of Alaska ’s
air navigation problems . This was accomplished by first iden-
t ify ing a baseline implementat ion sequence predicated on such
fac tors as the ranking and suppor t ing ra t ionale supplied by
each user group for their recommended ins tallat ions , impressions
gained th rough  personal  exposure to the problem areas and
operating procedures , the dependence of a community on reliable
a ir tran spor tat ion , and the need of a region for IFR routes.
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The resulting bas eline priority establish ed for each pro
• posed NA VA ID improvement was then adjusted to account for the

c :in ah i lit v of a specific type of NAVAID to provide the type of
imp rovement requested. If all NAVAIDS provided the desired
performance , then the recommended implemen ta ti on sequence
wc’u d be identical to the aforementioned baseline priority
ranking . However , i f one or more of the cand idat e NAVA IDS
dii not provide what was consilered to be an adequate irnpro v
ment for a given user request; then those request- NAVAID
cor 5inat ions were lowered within , or eliminated from , the
imp l ementation sequence associated with that type of ~AVA ’D.This procedure resulted in 15 recommended implementation
sequences , or rankings , one for each combination of the fiv e
~ At \ 1 1  types , and three primar y applications.

This “multi ple solution ” approach was taken to pr ovid e
the decision maker flexibility in selecting the type of \AVA I II
most appropriate for the short-term upgrading of Alaska ’s
air navigation system. With this approach , factors cxr~ rnal

• to th is analysis , i.e., hardware availability , com pat ih i lit~
with “long-term ” navigation systems , etc., may he used t o

• select the most appropriate NAVAID type. An overview of the
elements and interactions which make up this approach is
dep ict ed in Figure 5. 1 .

Section 5.1 presents the implementation ranking and
supporting rationale for those sites recommended to enhance
the enroute navigation system. Similar material is pre-~ented
in Section 5.2 for those sites recommended for improved
appro ach a ids . F i n a l l y ,  an implementation sequence covering
al l candidate locations recommended for either enroute ,
approach , or dual application s is developed and presented in
i-;cction 5.3.

5.1 ENROIJTE AID EVALUATION

The procedure used to rank the enroute navigation aids
considered not only the “gap filling ” potential of a proposed
NAVAID , but also took into account estimates of the traffic
which would he served by that aid. Hence , two distinct t .is k ;
were involved which , wh en mer ged , produced the desired results.
The first task addressed the identification of existin g enr oicte
navigation gap s (or lack of an entire route segment ) in the
proximity of recommended enroute aids. Subsequent . anal ysis
of each gap, using ECAC data when available and the coverage
characteristics of each candidate navigation system , p r o d u c e d ,
f o r  each system , the expected improvement in navigation cover
age.
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It is poss ible tha t , in some cas es , tremendous coverage
improvements would occur on routes with low traffic levels;
conversely , minor improv ements on routes w ith heavy traff ic
migh t p roduce g rea ter overall benef it s. It was , therefore ,
necessary to develop a set of traffic statistics which could
bc used to assess the relative payoffs of each gap-reducing
NAVA ID alternative. This , then , was the second task.

Since of all user group s interviewed , the air taxi oper-
ators showed the greatest interest in reducing the enroute
gaps (they tend to operate at lower altitudes than the sched-
uled carr iers) ,  it was decided to use their operating
statistics as the basis for estimating relative traffic levels
on each of the routes where gap-reducing NAVA IDS were rec om-
mended.

The merging of the gap-reducing potential of a given
NAVAID at a cer tain loca tion wi th the re lative traf f ic levels
at that loca ti on provided necessary inputs for the subsequen t
process  of r ank ing  the  r e la t ive  importance of each candida te
NAVAID- site combina t ion. Other fac tors uti lized in that
proc ess include de termining the tradeoffs associa ted wi th
buil ding a new route or filling all of the gap s on an exis t ing
route (i .e., a route-by-route analysis verus examining each
gap as a separate , independent entity) .

~.l.1 Proposed NAVAID Cover age Es t imates

In an att empt to provide suitable navigat ion for the
State of Alaska , the FAA Ala skan Reg ion has proposed some
28 additi onal VORTAC fac ili t ies which included s ix loc at ions
in c lose proximi ty to or the same as thos e recommended by the
AA CA (Sect ion  I I I ) .  The se proposed facil it ies were loca ted
on the contour map discussed previously (Section III) in an
attempt to determine the suitability of the proposed sites as
n a v i g a t i o n  gap f i l l e r s  in the  existing airway structure .
The proposed sites are listed in Table 5.1 together with the
gap reductions that could be obtained using VOR’s or NDB ’s.
The proposed site terrain cutoff limits were extracted through
a thorough examination of the contour map (as ECAC terrain
data for the proposed sites was not available at the time of
the ana lysis conduc ted for this s tudy). The NDB covera ge w as
dete rm ined by s it ing an NDB at the proposed VORTAC s it e and
assum ing a usable range of 50 nmi exclusive of loc al terr ain
ef fe cts. As discussed in Sec t ion IV of this repor t , the
propagation range of an NDB is , at best , ques t ionable and may
varied by such fac tors as wea ther , atmospheric anoma l ie s , and
local terrain.
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Also no ted in Table 5 .1 is a column headed , “REDUCED MEA .”
If the MEA is the result of navigation limitations , then the
reduced MEA due to added navigat ion capability is denoted
by “YES.” If a terrain limi tat ion persis ts , then the highes t
terrain elevation in the controlled airspace associated with
a par ticular airway is no ted.

5.1.2 Estimated Distribution of Low Altitude Traffic

The evalua t ion procedure developed to de termine the rela-
ti ve impor tance of providin g coverage for specific enroute
gaps or new routes considers the level of traff ic exposed to
tha t gap . The be st ava i lable source of traffic data , for this
appl icat ion, appeared to be air taxi s tat ist ics . While par t ial
scheduled ca r r i e r  data  was also ob ta ined , a large propor t ion
of that traffic was estimated to be high altitude , where cover-
age gaps are minimal so as not to be of major concern.

Access to basic , hand posted , air taxi opera ti ons and
revenue data was provided by the Alaska Transportation Commis-
sion . A considerable amount of computer processing was neces-
sary to transform this basic data into a usable format
displayin g air taxi annual traffic and revenue totals by
operator base community . Copies of the computer outputs were
provided to the AACA who estimated the distribution of these
base community totals to other Alaska regions . Subsequent
analysis of these data produced es t imates of the desired
origin-des tination statistics which were then aggregated to
provide traffic and revenue levels for each of the routes of
intere st. These resul ts , in the form of a re lat ive ranking
by origin-destination reg ion and effec ted routes are s ummar
i zed in Table 5.2 , which is based on low altitude IFR traffic.
A d e t a i l e d  d e s c r i p t i o n  of t h i s  ana lys i s  is p resen ted  in
Appendix E.

5 . 1 .3  R a n k i n g  of Candida te Enr oute Aids

Using the data described in Sections 5.1.1 and 5.1.2 , a
baseline rankin g (i.e., independen t of the type of NAVAID
used) was deve loped considering the traff ic wei ghted improve-
ment pot ent ial of each candida te s ite. For those reg ions
where airw ays have been proposed , but do not current ly exis t
(hence , no naviga ti on gap data), a judgmen t was made concern-
ing the need of an aid based again on air traff ic. A prefer-
enc e wa s given to regions where no nav iga t ion suppor t exis ted
( f o r  example , the  A l e u t i a n s ) ,  when compared ~o reg ions  where
MEA ’ s are prevalen t because of unsuitable nav ig at ion suppor t .
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Table 5.2

Tr af f ic  Flow Rank ing

BY ANNUAL NO. OF FLIGHTS BY ANNUAL REVENUE
RANK

REGION VICTOR ROUTE REGION VICTOR ROUTE

1 ANC-N V436 ,438 ANC-N V436 ,438

2 ANC-W G_9* ANC-W G_9*

3 FAI-N V347 FAI—N V347
4 ANC-SW (CHAIN) V456,438 ,427 ANC-SW (CHAIN) V456,438 ,427
5 FAI-W V452,488 FAI-W V452,488
6 ANC-SE V317,440 ANC-SE V317,440
7 FAI-SW V480 FAI-SW V480

8 BET-N V506 KTZ-OME-N V5O6

9 KTZ-OME-N V506 KTZ-OME-E V452,498
10 KTZ-OME-E V452,498 BET-N V5O6

11 FAI-SE V444 FAI-SE V444
12 BET—SE V5 06 ,453 BET-SE V506,453
13 BET-NE V48O BET-NE V480

*Non..Vjctor Route Green-9

ANC - Anchorage E - East
BET - Bethel N - North
FAI - Fiarbanks NE - North East
KTZ - Kotzebue SE - South East
OME - Nome SW - South West

W - West

For the enroute analys is , no considera tion was g iven to a
par t icular fac ili ty ’s appli ca tion as an approach aid .

Table 5.3 presents the resulting rankings of recommended
new enroute NAVAID loca t ions for NDB , NDB/DME , VOR , VOR/DME ,
and TACAN sys tems , respectively. For the NDB system , those
proposed sites wi th an exis t ing FAA-owned and operated facility
were deleted from the ranking (sites with DOD and private aids
were retained) . In adding DME to the NDB , a judgment wa s made
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Table 5.3

Rec ommended Imp lemen tat ion Sequence of Can d ida te Enroute
Fa cil it y Loca t ions by NAVA JO Type

BASELINE RANKING OF

~~~~~~~~~~~~~~~~~~~ ~~~~ 
NOB NDB/DME VOR VOR/DME TACAN

1. Chanda lar (a) 1 1(b) 1(b) 1

2. Sparrevohn 1 2 2 2 2

3. Yakataga (a) 3 3(b) 3(b) 3
4. Port Heiden (a) 4 4 4 4

5. Il iamna (a)  5 5(b) 5(b) 5
6. St. Mary ’s 2 6 6 6 6
7. St. Paul Islan d 3 8 7 7 7
8. Cape Newenham 4 9 8 8 8

9. Cape Sarichef 5 10 9 9 9
10. iniat (a) 7 10 10 10

11. Nikoiski 6 14 11(b) 11(b) 11

12. Ada k 7 15 12(b) 12(b) 12(c)

13. Born ite 8 16 13 13 13
14. An iak (a) 11 14 14 14

15. Rainy Pass Lodge (a) 12 15(b) 15(b) 15

16. Minch umina (a) 13 16 16 16

17. Cape Spencer 9 19 17(b) 17(b) 17

18. Ha ines (a) 17 18(b) 18(b) 18

19. Summit (a) 18 19(b) 19(b) 19

20. Barter Island 10 20 20 20 20

21. Lonel y 11 23 21 21 21

22 . Wa i nwri ght 12 24 22 22 22
23. Cape Lisburne 13 25 23 23 23

24 . Amchitka 14 26 24 24 24

25. Wien Arctic Village 15 21 25(b) 25(b) 25

26 . Sagwon 16 27 26 26 26
27. Cordova (a) 22 27(b) 27(b) 27

28. Stevens Village 17 28 28(b) 28(b) 28

(a) Has FAA owned and operated NOB ’ s; (b) VOR siting could be a problem
due to loca l terrain; (c) Has military TACAN
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regarding the availability of an FAA-owned NDB. In some loca-
tions , the existence of an FAA NOB improved the ranking .
(No te: the rank ings of Aniak , Rainy Pass Lodge and Minchumina
interchanged with St. Paul Island and Cape Newenham .)

Fhe VOR , VOR/DME and TACAN ranking gener ally paral lel the
overall ranking since it is assumed that none of these facili-
ties exist at the proposed sites (although Adak does have a
military TACAN). Where VOR siting is a potential problem ,
a note is made.

The following discussion presents the rationale used in
ranking each of the twenty-eig ht proposed enr iite navigation
facilities on an overall basis , and then for c ich of the five
types of navigation aids . The facilities are listed according
to their overall ranking .

5.1.3.1 Chandalar

Chandalar was ranked Number 1 on an overall basis for the
f ollow ing reasons . On V4 36 , between Nenana and Deadhorse at
3,000 ft above the site , a 210 nautical mile gap exists; at
8,000 ft MSL , a 132 nautical mile gap exists; and at 13 ,000
f t MSL , a 64 nautical mile gap ex is ts . Similarly , on V347 ,
betw een Fai rbanks and Deadhorse a t 3,000 ft ASL , a 180 nauti-
cal mile gap exists. At 8,000 f t MSL , a 122 mile gap exists
and at 13 ,000 f t MSL , a 70 naut ical mile gap exi sts. (The
gap data is presented in Table 5.1.) From Table 5.2 it can
be seen that this location would serve all of the third and a
portion of the first ranked routes with respect to the number
of low altitude IFR flights and as socia ted revenue . The
highe st terra in elevat ion in this area is approxima tely 6,000
f t MSL . Th is data indicates that gaps on the order of 130
naut ical miles exis t on the airways carrying a lar ge portion
of the Alaska air traffic. Chandalar is currently a focal
point for all traff ic to the Nor th Slope from the Fa i rbanks ,
Anchora ge , and lower 48 regions . For this reason , Chandalar
w as ranked as that enroute facility requir ing top prior ity.

Curr ent ly , Chanda lar has an FAA owned and opera ted NDB .
Henc e , Chandalar does not appear in the NDB ranking. However ,
for NDB/DME the Chandalar NDB would require the additi ~ of
a DME . Hence , it remains first in this category . The ocal
terrain about Chandalar is very rugged and does not make it
amenable to VOR siting . Use of TACAN should ease the siting
problem , but would requi re considerable user expense.
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5 . 1 . 3 . 2  Sparrevohn

Sparrevohn lies between Anchorate and Bethel where a
lar ge naviga t ion gap exis ts.  The only fa cili ties providing
cove rage between Anchorage and Bethel are the VORTAC at
Anchorage and the VORTAC at Bethel. Currently, the only route
be tween Anchor age and Be thel is Rou te G -9 .  Th e re sultant
navigation gap is 197 nautical miles at 3,000 ft above the
site , 138 nautical miles at 8,000 ft MSL , and 77 nautical
miles at 13 ,000 ft MSL . The estimated traffic flow (Table
5.2) is rank ed second , tra i l i n g only  the t r a f f ic head in g nor th
toward the North Slope. Hence , because of the lower traff ic
density along this route , Sparrevohn is ranked second to
Chandalar.

Sparrevohn currently has a DOD-owned and operated NOB.
However , non-FAA NOB ’ s were no t con sidered as v iable
public nav iga t ion aids in this analysis . Hence , the assump-
tion is ma de that the FAA would e ither have to ac quire the DOD
NOB or inst a ll their own at this point. Therefore , Sparrevohn
is ranked as Number 1 for NDB NAVAID ins tallations. Wi th
re gard to NDB/DME , Sparrevohn is again ranked as Number 2,
the s ame as the overall ranking. The VOR si ting problem is
no t as grea t at Sparrevohn as it is at Chandalar . Under
TACAN , Sparrevohn is ranked second.

5.1.3.3 Yakataga

Yakataga is on the coast of the Gulf of Alaska between
.Johnstone Island and Yakutat. The routes associated with these
facilities carry the IFR traffic from the central Alaska region
to the southeastern region and to the lower 48. Based on data
supplied by the Alaska Air Carriers Association , the traffic
density along this route is ranked sixth. Currently , a gap
of 105 nautical miles exists at 3 ,000 ft above the site , and
23 nautical miles at 8,000 ft MSL. The fact that this route
provides the primary link between Alaska and the lower 48
justifies this site to be ranked third. The scheduled air
carriers also experience a navigation gap in this region at
altitude; however , it apparently does not create a serious
problem , as the gap is not that extensive and the degree of
dead reckoning required does not appear to be unreasonable.

Yakataga does have an NDB so this facility was not included
i n the NOB rank ing column. Under the NDB/DME and TACAN rank-
ing, Yakataga remains in third place. VOR siting could be a
problem for Yakataga since it is located on the coast in an
area of rugged terrain.
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5.1.3.4 Port Heiden

Por t He idën i s in a key loca tion for traff ic from the
Anchorage Region to the Aleutians. Currently, a VOR exists at
King Salmon and at Cold Bay , a dis tanc e of approx ima tely 280
nauti cal mi les . Por t Heiden lies almo st in the cen ter of the
a i rw ay connec t ing K ing Sa lmon and Cold Bay. A Por t Heiden
fac ility would also provide covera ge for traff ic be tween
Kodiak and Cold Bay. The existing gaps currently are 145
naut ical m i les on the V ictor airway be tween King Sa lmon and
Cold Bay at 3,000 ft , 78 naut ical miles at 8 ,000 ft MSL ,
and 15 nautical miles at 13 ,000 f t MSL. In Table 5.2, the
traff ic density is ranked four th. A combination of the traf-
fic density and the gap size provided the rationale for this
ranking .

Por t He iden has an NDB; therefore , it does not appear in
the NDB rank ing. The NDB/DME and TACAN rank ings rem ain at four
for Port Heiden. Port Heiden does not appear to have the VOR
siting problems that probably exist at Yakataga , as a result it
is mov ed up from fourth to third.

5.1.3.5 Iliamna

Iliamna is also in a key location for air traffic to the
Aleutians . However , the gaps on the existing airway structure
are not as great as at Port 1-leiden. The gaps on V456 between
Kena i and King Salmon ar e 80 nauti cal m i les at 3,000 ft above
the site and 60 nautical miles at 8,000 ft MSL and no gap at
13 ,000 f t MSL. A long V4 27 be tween Anchorage and King Salmon ,
the gaps are 120 nautical miles at 3,000 ft above the site
and 36 nau ti cal m i l e s a t 8 ,000 ft MSL . The highest terrain
eleva t ion for V4 56 and V4 27 is 3 ,500 ft and 10 ,200 ft ,
respectively.

Il iamna also has an NDB. The TACAN and NDB/DME rankings
remain at f ive for Il iamna. However , Iliamna lies in
moun tainous terrain where VOR siting might be a problem;
expecially to the north. For this reason , Iliamna , in the VOR
and VOR/ DME ranking columns , was dropped from fifth to sixth.

5 . 1 . 3 . 6  St.  Mary ’ s

St. .‘tar y ’ s lies along V 506 be tween Be thel and Nome . The
t r a f f i c  dens ity along this route wa s ranked eighth, as shown
in Table 5 .2. Current ly , the navigation gaps are as follows :
95 nau t ical  m i les at 3,000 ft above the site , and 10 nau tical
miles at 8,000 ft MSL.
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St. Mary ’s does not have a FAA owned and opera ted NDB .
Since St. ~4ary ’s is only the second of the first six sites not
t o hav e an NDB , it ra nks second in the NDB column . W ith
regard to NDB/DME and TACAN , St. Mary ’s rema ins in s ix th
place. St. Mary ’ s lies in the flat land surrounding the Bethel
Region. Hence , VOR siting does not appear to be a problem .

5.1.3 .7 St. Paul Island

St. Paul Island is situated approximately 600 miles
west off the coast of Alaska in the Bering Sea. No statistics
of traffic to this island are available. However , any flight
wh i ch is aborted due to weather at the island requires a 600
mile return flight to the mainland. Hence , it is hig hly desir—
able to have navigation available to reduce the number of
aborted flights becaus e of the associated hi gh cos t wi th an
alternate airport.

St. Paul does not have a FAA operated NDB , so i t is
ranked third in the NOB column ; s ince it would be necessary
to include both NDB and DME costs , the NDB/DME ranking for
St. Paul was dropped to eighth from seventh . For the VOR and
VOR/DME and TACAN syst ems , the ranking remains at seven.

5.1.3 .8 Cape Newenham

Cape Newenham is required to complete the navigation
coverage for flights from Dilling ham to St. Paul Island.
Cape Newenham and St. Paul Island are complementary . For this
reason , Cape Newenham is ranked eighth , just after St. Paul.

The ranking for each of the five NAVA IDS ‘~.as set at one
greater than the ranking established at Si . Pa ul for the same
t~’p ( of NAVAID.

5 .1.3.9 Cape Sarichef

Cape Sariche f is the next proposed site along the A leutian
Chain after Cold Bay. It would be desirable to have a plot of
th e air traffic density along the Aleutian Chain to see how
it taper~ off as a function of distance along the Chain. In
the absence of this data , the assumption was made that the
further one progresses west along the Aleutian Islands , the
les s dense the air traff ic becomes ; therefore , the less im-
portant the proposed site. Hence , traff ic to Cape Sarichef and
beyond is assumed to be at a lower level than traffic to Cold
Bay and beyond , which accoun ts for Cape Sar ichef ’ s lower  ran k i n g.

The ranking in each of the NAVAID columns follows sequen-
tially that of Cape Newenham .
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5.1.3.10 tjmiat

Umia t is on the North Slope and is located such that it
would provide the navigation support for a new route from
southern Alaska to Lonely , Point Barrow , and Wainwrigh t.
Since the route structure that Umiat would support is proposed ,
no gap informat ion or traffic statistics ex ist . However , the
proposed configura tion of the new route s truc ture is such
tha t Umiat appears to be in the key loca tion.

Umiat currently has an NDB and, hence , does not appear
in the NOB ranking . Similarly , the r ank ing  for  NDB/DME moves
to seventh place because only a DME is required to upgrade it
to a NDB/DME system . The ranking for the VOR , VOR/DME and
TACAN sys tem is tenth.

5.1. 3.11 Nikolski

Nikolski is the next proposed location on the Aleutian
Island Chain. For the reasons stated for Cape Sarichef ,
Nikolski’s ranking was reduced under the assumption that the
t r a f f i c  dens i ty  drops in progressing out along the Chain .

The NDB ranking follows the preceding ranking , and hence ,
Nikolski is ranked sixth. With regard to NDB/DME, the ranking
of Nikoiski slips to fourteenth place since other proposed
sites (for example , Aniak , Rainy Pass Lodge and Minchumina)
have NDB ’s. Nikolski would require the addition of both
NDB and DME. The terrain surrounding Nikolski is quite rugged
and, therefore , it is not amenable to VOR siting . The TACAN
ranking is eleven .

5.1.3.12 Adak

Adak follows Nikolski on the Aleutian Chain . It has the
same problems that Nikolski does in that the terrain is rugged
and that it does not have an NDB. Hence , its ranking for NDB ,
NDB/DME , and VOR/DME follows that of Nikolski. Adak did ,
at the time of this study , have a TACAN facility .

5. 1.3. 13 Bornite

Borni te is located south of the Brooks Range between
Ko tzebue and Bett les Field. Bornite would suppor t a large
route structure in the northwestern reg ion of Alaska. The
t r a f f i c  f low in th is  region is ranked t en th .  I t s  po ten t i a l
contribution to the proposed route structure provided the
rationale to rank Bornite in thirteenth place.
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Borni te does not have an NDB ; hence , it is ranked eighth
in the NDB column and sixteenth in the NDB/DME column . The
si t ing should not be as difficult at Borni te as at Nikolski
and Adak for the VOR system . For the VOR , VOR/DME and TACAN ,
it is ranked twelfth after Nikolski.

5. 3.1.14 Aniak

An ika would support traffic along V480 between Bethel and
McG rath . The traffic flow a long this route is ranked thir teenth.
Curren t ly, a navigation gap of 120 nautical miles exis ts at
3,000 ft above the site and 50 nautical miles at 8,000 ft MSL .
The highest terrain along this airway is 2,200 ft.

An iak has an NOB and hence does not appear in the NDB
ranking. Since it has an NDB , only a DME need be added to
brin g it to NDB/DME status . Therefore , its ranking for this
system is eleventh. The ranking for the VOR , VOR/DMB and
TACAN is fourteenth .

5.1.3.15 Rainy Pass Lodge

Rainy Pass Lodge is located near Puntilla Lake . This
p roposed facility would suppor t traff ic along V Sl O and V44 0.
Traffic statistics do not exist for these routes; however ,
these routes  do carry  the t r a f f i c  from Anchorage to McGrath
and on to Nome . It would appear that this is a reasonably
dens e traff ic area. The gap s exis ting along this route are
not extensive. At 3 ,000 f t above the si te it is 93 naut ical
mi les and at 8 ,000 f t it is 24 naut ical miles for V44 0. For
V5l0 , it is 58 nautical miles at 3,000 ft above the site and
8 nau t ical  m i l e s  at 8 ,000 ft MSL. Traffic would probably be
at 8,000 f t and above since the highes t terrain in this area
is 6 , 500 f t .

Curren t l y ,  Rainy Pass Lodge has an NDB. Hence , i ts rank-
ing does not appear in the NDB column . Since there is an NOB
at Rainy Pass Lodg e , it is only necessary to add a DME to bring
i t to NDB/DME status . For this reason , Rainy Pass Lodge
ranks twelfth for the NDB/DME system . The terrain in the Rainy
Pas s Lodge reg ion is quite rugged. Hence , VOR si ting would
probably be a problem. With regard to TACAN , the rank ing
follows that of Aniak and is fourteenth.

5.1.3.16 Minchumina

Minchumina supports traffic between Fairbanks and McGrath
and ranks seventh according to the Alaska Air Carriers
A s s o c i a t i o n .  The gaps a long V480 be tween Nenana and M cGra th
are 97 nautical miles at 3 ,000 ft above the s i t e  and 35 nauti-
cal m i l e s  a t 8 ,000 ft. The lower air traffic dens ity along
this rou te resul ted in rank ing Minchumina sixteenth.
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Minchumina does have an FAA owned and operated NDB .
Hence , it is not ranked in the NDB system column . The terrain
in the vicinity of Minchumina is not as rugged as in Rainy
Pass Lodge. The ranking for the TACAN system places Minchumina
below Rainy Pass Lodge at f if teen .

5.1.3.17 Cape Spencer

Cape Spencer is loca ted in the southeas tern region and
is at the entrance of the Pacific Ocean to the inlet structure
to Juneau . The t e r r a i n  is q u i t e  rugged and nav iga t i on  gaps
do , in fac t , exis t . On V44 0 from Yaka ta t to Biorka Is. , a
gap of 60 naut ical miles at 3 ,000 ft above the site exists
and along V 3l7 be tween Yaka tat and Sis ters Is. , a gap of 28
naut ical miles at 3,000 ft above the site exists. No traffic
statistics exist for these routes. However , these routes do
support the traffic from the central region of Alaska to
Juneau and to the lower 48 states .

Cape Spencer does not have an NDB. Hence , it is ranked
nin th in the NOB system category . It ranks nineteenth for
NDB/DME since both a NDB and a DME would be needed . As noted ,
the terrain is very rugged in the southeastern region . Hence ,
VOR s i t i n g  is a si g n i f i c a n t  problem . The s i t i ng  difficulty
a f f e c t s  the VOR , VOR/DMB and TACAN sys tems .

5 .1 .3 . 18  Haines

Haines is located at the northern end of the southeastern
panhandle and lies in the same type of terrain as Cape
Spencer . Haines is located even further up the channel , hence
making si ting quite difficult . Not current route s truc tures
exis t excep t for colored routes penetrating into Canadian
a irspace. Therefore , no navigation gap data exist.

Haines does have an NDB and therefore does not appear in
the NDB ranking . The ranking for the other navigation systems
is jus t below that established for Cape Spencer.

5.1.3.19 Summit

Summi t is loca ted in the dense traffic area be twe en
Anchorage and Fairbanks . This traffic area has , in fac t , been
ranked number one , based on data supplied by Alaska Air
Carriers Association as well as Wien Air Alaska statistics.
Currently , a navigation gap of 105 nautical miles does exist
at 3,000 ft above the site; and at 8,000 ft MSL the gap is 38
nautical miles. However , the highest terrain along this airway
is at 6,000 ft. Hence , traffic would again be at 7,000 f t

49



or above.  In sp i te  of the la rge  t r a f f i c  experienced in th i s
p o r t i o n  of the  Alaska airway system , a ranking grea ter than
19 does not appear to be justified because an alternate route
exis ts v ia Big Lake , Talkee tna , Tenana and Fairbanks. Al ter-
nate route structures do not exist for the other candidate
locations examined.

S ummit has an NDB; hence , it wa s no t included in the NOB
ranking. Summit is in a rugged terrain where VOR siting could
become a problem . The terrain does not appear to be too
rugged to preclude siting a TACAN . The TACAN ranking was set
at s i x t e e n t h .

5.1.3.20 Barter Islan d , Lonely, Wa inwright and Cape L isbourne

Bater Island is on the northeastern por tion of A lask a on
the Arctic Ocean Coast. The rationale behind the low ranking of
Barter Island and other North Slope facilities is that the
North Slope traffic situation is assumed to be short-term ,
dependent on the continuation of pipeline and oil exploration
ac ti vit ies. Fur ther , there is a reasonable probability tha t
the temporary air navigation requi rements will be supplied by
the involved organizations . This is not true , of course ,
for the Chandalar and Umiat facilit ies, which would probably
carry the brunt of the air taxi opera tor traff ic to the Nor th
Slope. The ranking be tween the Nor th Slope fac ili t ies remaining
is of minor significance. None of the Nor th Slope facilities
have existing FAA-owned and operated NOB’ s. Hence , the rank-
ing s imply follows the baseline ranking. The only Nor th Slope
facility which has a VOR siting problem is Wien Arctic Village ,
wh i ch lies be tween For t Yukon and Bar ter Island. Wien Arc tic
Village and Sagwon are connecting facilities from the southern
Vic tor route structure to the coast of the Arctic Ocean.
Lonely, Wainwri ght, and Cape Lisbourne are along the coas t line
of the Arctic Ocean and form a Victor airway network along the
coas t line and are nominally ranked 21 , 22 , and 2 3, respec t ively.

5 . 1. 3 . 2 1  Amchitka

Amchi tka is the nex t proposed loca ti on on the Aleutian
Isl and Chain. The comments made for Adak (ranked Number 12)
are true for Amchi tka excep t that it does no t con tain a TACAN .

5.1.3.22 Wien Arctic Village , Sagwon , and Cordova

Wien Arc tic Village and Sagwon are ranked 25 and 26 ,
respectively . Cordova is located between Yakataga and Johnstone
Island. However , if Yakataga is imp lemented then Cordova does
not add much to the filling of navigation gaps existing along
the routes from Anchorage to the southeastern panhandle. For
t h i s  reason , Cordova is ranked very low . Cordova does have an
NDB , owned and opera ted by the FAA .

50



5.1.3.23 Stevens Village

Stevens V i l l a g e  is located northwes t of Fairbanks . It
does not appear to support  any e x i s t i n g  route s t r u c t u r e s  nor
any proposed route structures. No traffic data exists and no
gap information is ava ilable. For this reason , Stevens Village
is ranked lowest among the proposed f a c i l i t i e s.

Since the time of the analysis associated with the overall
enroute ranking, the following fac ili t ies orig inally iden ti f i ed
in the VORTAC Revi ew - Phase 3 , have been dele ted from the FAA
Alaska Region ’s current 10-year plan as noted in Appendix B
of this repor t :

Cordova
Sagwon
W ien Arc tic Village
Stevens V i l l age

5.2 APPROACH AID EVALUATION

The procedure developed to rank candidate approach aids
was based on consider at ion of landing probabilit ies , traffic
volumes , and community dependence on air transpor tat ion . These
data were comb ined to produce a “problem severity indicator”
for each airport-candidate NAVAID combination . The incremental
improvement  of th i s  “problem sever i ty  indica tor” at each
airport , att ributable to the installa t ion of new NAVAIDS ,
formed the basis for de termining a recommended implementat ion
se quence.

5.2.1 Airp~or ts Selec ted for Analysis

Several sources were used to identify the set of Alaskan
Airpor ts which were subsequently analyzed as candidates for
approach aid installations . Prior to receipt of user recom-
menda tions, a number of candidate airpor ts were selec ted by
this study . Scheduled air traffic activity (Appendix H),
airport/community characteristics (Appendix 0), population ,
availability of alternate modes of transpor tat ion and other
socio-economic factors were used in this process. Supplement-
ing the original lis t were airpor ts recommended for e ither
improved enroute or approach aids by the Alaska Air Carriers
Associa t ion , the larger Alaskan CAB certifcated scheduled
carriers , and the Alaska Region FAA. Airports recommended
for only enroute improvements were also included in the
approach aid analysis to provide data regarding dual-enroute/
approach capabilities for subsequent use in combined applica-
tion ranking. Table 5.4 lists the airports selected for
approach aid analysis. Detailed descriptions of these candi-
date locations , including discussions of site specific ap-
proach aid siting problems , are presented in Appendix I.
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Tab le 5 .4
Airports Selected for Approach Aid Analysis

AIR PORT 1 2 3 4 5 6  AIRPORT 1 2 3 4 5 6

Akutan X Old Harbor X
Aniak X X X Ouzinkie X
Attu X

Petersburg X X
Barter Island X Platinum X

— Po int Hope X X
Cape tisburne X Port Hel den X X X
Cape Newanham X Port Lions X
Cape Sarichef X X Port Moller X
Cape Spencer X
Chanda ’ar X Quinhagak X
Chevak X

—  Rainy Pass Lodge X
Dahl Creek X
Driftwood Bay X St. Mary ’s X X X X
Dutch Harbor X X St. Paul Island X X X

Sagwon X
Erm~onak X Sand Point X X

Savoonga X
Fals e Pass X Selaw ick X

Skagway X
Gambel l X Sparrevohn X X

Stevens Village X X
Halnes X Sta~vnit X
Holy Cross X
Hooper Bay X X Togiak X

Toksook X
Ilimana X X

Umiat X X
King Cove X X Lknnak X
Klpnuk X
Kobuk X X Val dez X

Lonely X Wal nWright X
W ien Arct ic V i l lage X

Mekoryuk X Wrangell X X
Minchunilna X
Nik oiski X X Yakataga X

LIST NO.

I SC1 (Vt) selection based on scheduled traffic, population , other transpor-
tation and soclo-econoinic cri teria.

2 AIrports selected by Alaska Airlines for improved minimums .
3 AIrports selected by Wien Alaska for Improved minimums .
4 AIrports served by Reeve Aleutian that are candidates for Improved

min imums .
5 Locations requested by the Alaska Region FAA for VOR/DME Installations.
6 ‘ ocations requested by the Alaska Air Carriers Association (Air Taxi

Operators), for VOR/Dt4E Installations to Improve low altitude IFR
opirat ons.



5 . 2 . 2  Landing  P r o b a b i l i t i e s

The me thodology used to es t ima te landing probabilities
at a designated airport encompassed two steps. The first
s tep was to ident ify the current IFR minimums and to es t imate
the extent to which they could be lowered by the addition of
different types of landing aids. The second step was to per-
form a weather analysis at each airport to permit translation
of the incremental improvemen t in the minimums into an incre-
men tal improvement in the proportion of the time that each
airpor t would be open . The lowering of the ceiling minimums
from 1,000 to 500 ft , for example , is of no value in an area
where the ceiling is seldom between the existing and improved
values.

Procedures used to determine the ceiling/visibility mini-
mums , by NAVAID type, and landing probabilit ies a t each of
the 56 candida te a i rpor ts are descr ibed in Appendices F and
G , respec tively , including tabular lis t ings of the resul ts.
Table 5.5  illus tra tes a por t ion of thes e lis tings , specifica l ly
the landing probab ili t ies associa ted wi th the use of NDB/DME
approach aids , by Category  A a i r c r a f t .

5.2. 3 Enplaned Passenger and Cargo/Ma il Stat is tics

Table 5.6 lists the airport specific enplaned passenger
and cargo/ ma il statistics which were obtained from “A irport
Ac tivity Statistics of Certificated Route Air Carriers ,” 12
months ended June 30 , 1974 , CAB/FAA . The maximum value of
a number of enplaned passen gers and tons of cargo/mail over the
designa ted a irpor t se t was normalized to a non-dimensional
value of 100. The remaining values were normalized using the
ra tio es tablished from the maximum value analys is.

5.2 .4 Community Dependence on Air Transpor ta tion

The rela ti ve dependence on air trans por tation for each
commun ity in which a candida te approach aid airpor t was loca ted
(Table 5.4) was determined through the use of a model developed
by the Alaska Division of Aviation. This model considers
popula t ion , al terna te year-r ound methods of transpor tat ion,
distance to the nearest “trunk” airpor t , industry in the
communi ty ,  schoo l attendance , clas s of pos t off ice s tatus
of the c ommuni ty (incorpora ted or unincorporated) , and whe ther
or not the community is presently served by an air carrier.

The details of this model are presented in Appendix I.
Table 5.7  pre sents the resul t ing community dependence on air
t ransportat ion fac tors for the airpor ts that are candidates
for improved (non-precision) approach aids .
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Table 5 . 5
Example of Landing Probab ility Results

NDB/DME Approach Aid - Category A Aircraft

ESTIMATED EST IMATEDCAND I DATECANDI DAT E LANDINGLANDING AIRPORTAIRPORT PROBABILITY PROBABILITY

Akuta n 0.77 Old Harbor 0.57
Aniak 1.00 Ouzinkie 0.95
Attu 0.62

Petersburg 0.78
Barter Island 0.96 Platinum 0.94

Point Hope 0.90
Cape Lisburne 0.90 Port Heiden 0.91
Cape Newenham 0.89 Port Lions 0.82
Cape Sarichef 0.71 Port Moller 0.75
Cape Spencer 0.99
Chandalar 0.78 Quinhagak 0.95
Chevak 0.95

Rainy Pass Lodge 0.61
Dahl Creek 0.95
Driftwood Bay 0.67 St. Mary ’s 0.89
Dutch Harbor 0.70 St. Paul Island 0.63

Sagwon 0.82
Eninonak 0.95 Sand Point 0.92

Savoonga 0.94
False Pass 0.38 Selawlck 0.94

Skagway 0.35
Gambel l 0.95 Sparrevohn 0.96

Stevens Vil lage 1.00
Haines 0.50 Suninlt 0.82
Holy Cross 0.99
Hooper Bay 0.94 Togiak 0.92

Toksook 0.90
Iliarnna 0.96

lhniat 0.68
King Cove 0.77 Umnak 0.47
Kl pnuk 0.95
Kobuk 0.97 Valdez 0.43

Lonely 0.90 walnwright 0.86
W ien Arctic Vil lage 0.93

Mekoryuk 0.94 Wrangel l
Minchuniina 0.99
Nikoisk l 0.49 Yakataga 0.98

54



‘.0-4 14) 0 0 0~ C~4 10 ‘.0 , 014) 4 10 N. 10 N. .-4 1 10 N. I C O  C~ 1 - 4o ~ i ‘.0 N. C.) ‘.0 ‘. 0 . 1 0  ~~ a — ~~~-4 N. ‘.0 N. I .-4 I ~ ~~ s t-. , N. ,
~~~~~o c.~~..—. .1  . 1  . . I • I • I •

Ill ~~ ~~ 0 .-4 ‘.000 N- a c’~ ~~ 0 C’S 10 ~~~0~~~ a C’) 0 ‘.0 C\i c’sNI .~~~~~ — 0 C\J
— -l

~~ ~~ 0~~~~0~ 00  N. a i 0~ U) I ‘45 O~ CO C’s 1 0 1  CO ~~ I 1 0~ I 1~~a 110
o .~ ~.c ~~ ~~ ~ ~

. 
~~ c.j ~~ ~ us I -. a . 10~ CO C.) ~~~~~~ I Q~ 10~ I U-~ I -~ ‘ C O

~~ Q~~~ . 1  . . . .~~~ I . . . •  •
~~ 0. ‘.010 a e.j C.4 N. CS.l C’S 0 10~ 10~ 0,10 C’.J C’S N- 0 -s -4 ‘.0114 C~4 CU 0 — CU — U) — — — C’s -~ ~~ N.

-4

C’) C’) CU N. ~~ CU U) . 4  0’. I (‘5 1 10 (U N. I 0 1  N. N- I ‘.0 I ‘.0 IU)
C .~J ‘15 CU ‘0 0’. U) 10 ~~ ‘.0 C’) .-4 I U) CU 1 1 0  a Os as I ~~~~ I U) CO I C ’) I 0’. 1 1 0  

I I . . I • I • 1  • I

~ ~~ a CO II) CO CO N. 0’• N. 14) CO C’) 0’. -4 CU N. — — .-4 Q ~~ (5) 0)
<Z  ~~ ~~ N. 0) C’S ‘d C’) U) CU CU 0’. .4  0) C.) ~~

.
L) (‘4 (‘.4

-4

U)
U a • 

0’. —I CU N. in ~~ p., a’. In i C ’ ,j a (U , a in .-., C ’J c’., ~~
— ~..1 >< ..~ .—4 CO 04 0’. N. CO N. (‘5 I (‘.4 CU I U) O~ CO U) I I C ’) C~)  .5 (‘.1 I 0’. I C’)0. ._

~ 0’. 0’. .—4 0’. U) N. (‘4 CO i C’) .—4 I U) C’) 0~ ‘.0 I I 10 CO I —I I I ~—4
a ~~ o. (‘4 -I N- —4 10 -4 s-I (‘.4 .-4 ‘.0 

cI) -r 

—~~~ LU

• — ~- I— • U) 
.
~~ ~~ 

. 0’. Co
— a — C. . . — 

c C.. • U ) .  . .. 5.- U .
— I. • 0’. • U) U) Ill U) U) Ill — . 4.’ . . . 

~~ — 
o P’) < 0 C.. 0. U C .~~ U) - . C • .C> L) .0 U) E 0 0— 10 10 >‘.l~

.• . ..
~ 40 .~~ 0 . . . . . u .— ,o

C.. .s- .0 ~~ U) 0 0’. 0. 1. ~~ 0 0’. U >‘.> U’. . . ._ 
~~‘.0 ~-. ~) ‘V -~~ U) C 

~~ ..J X 10 ‘V C 0. C ~‘- IC U) C 4.’ .~~ 0 N S.. ~~ U) ‘0
~~ C S.. •-• 4.1 .C >, X 0. 0 0 ~ ~ I. U) ‘ ‘0 0 4.’ 03 Q’ 41

C C 0 0 0 0’ .S - > E  .s - U)  ‘ 0 ’ V  0 C C C  lV
~ U ~ 0 N 41 ‘0 1. C.. I. ..

~ 
. . 

~~‘. C > .— IC ID U) E 0’.-~ •.- c w 10
—~~~ QJ.— 0000 ~~ ‘V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00 E E  ~~ 1 0 s - S  IC
a a C. 0.0.0.0.0. o• ~~ v’. U, U, U’. U) U) U) VS VS VS I— C— ~~ ~~ ~~ >-

— — —  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-c c~~~~
0 _J CO 10 a — 0) C’) 10~ 10~ N. 10 C’S U) C’) N. 10 0’. 0)0) C” 00s-4 C’S a CU

H 0 (~~~~ C’.J O’. N. N. C O 0 ’ . U ) l U ) (’ )  C’)10C’) 0’. 10 0)CU0’.  0’. .
~~ ‘.0U) ( ‘ . 4 4 ) ,

ao’ .a C’S a~~~-~~~o-~ aa C.-. r’.. d c~ i~~ -~da .-
00 — ‘-) “

C-. ~~ . 10 a 10 a — ~~ 0) ‘.0 ‘.0 0) U) 0 N. 0) 0’. “00) —4 0’. c~5 0 U) US (‘.4 0’.
C U) C’) 0’. N. CU N. 0 , a o  -I C’) 0 (5) — 0’. 0) —4 N. (‘4 10’ ‘.0 o’~ a 10 I 0(1) 0) ~~ 0..~~ I

~ >., Z A. CU ‘.0 N. CO 10 C’S (‘4 1 0 0 )  010 N. 10 C’S 10 CU ‘0 CO 0) C’S 0 ‘-4 .4 0 I ‘.0
04 

LU 4’) CU C’S CU -4 .I — ...4 —a a 0) 0 ‘.0.—’ 0) 10 0’. a C’) I’) 0 ‘.0 0 0’. ‘.0 -4 0) (‘5 CU N. 10 US ‘.0
-‘ 0,1.0 --I I N .O’. (“JU)10 0 a a OCO-4  ‘.0 ) 1 0 C’)  CU U) 

~ a

~~ C- CU (‘5 10 .4.- .4 — 10’ 0’. (‘4 C’) .-4 .4 C’S N. s-I — 10
— (.4 ‘.0-4 (‘.4

11.

C ’sN. O 10’ ‘.O C’J ’0 h OC’S 10’ N. (’S U) 10 CO ‘.OC’sC’S 0 C’JCO’.O 10 C U l  ‘.00. 
~~ a 0’. 5’) 0’. C’S 040 1 10 (‘SI 14) (“4 U) 0’, CU 0’. 0’. ‘.0 N- 10 14) 0) C’S I 0)

0 0. CU CO CU ‘.0 C.) C’S — ‘  ‘.ó 10 0’. 0 (“4 (‘S 010  10 10’ 0 -4 0 ) 1  10z ~~ 
C_SI CU -4 . 4  — —

• . . -
~~~~~a’ a ’. . .  .~~,

114 . . .  C C I C Q I L. • . .‘0).. 

C- C- • . . ‘V I. .C 0) • . 0) Q . . .
• . . 

~~ C U U • .~~ .0 • UI . . U) ).’. . . .
00 ~~~~~~~~ 4 ñ . 0 U ) - s-C I. . W~~~~I. . • U) • •U ) ’ 0  • U) ’.
‘-‘0. . . U ) Z % .W I0 • 0 ) 0 1 0  ‘V . Q 0 )  ) . . . . .~~~

..- .
C . . .- 0) i~~ Q~— S..Q ~~ .~ A. C.. 10 0 • ~ E .~Z — C • I. ..4 Z VS U) 50 .~~ (.4 ‘0 . (C. (J~~~ C (.4 .~ >‘. >, ~~ IC.

‘0 .1~ U) ID 41-C C U) 4~ U) U) E ~~ 
.
~~ .— S.. .C

(.4 #~~10~~~~~41 U)Q) O,I U )C > . —”.- U 0 U ) . Q  C > , 0 . 10 0’ .C~~~ U) Q U O
— 4.’ 1. 0.0. 0.0.10 U) -C 4.’ E ‘— E •.- ‘— 8 ~- C 0.0 C .~ C .3~

~~~~~~~ i~ ~~~L4L)L) C~~C(~ l~~ U C~ ~~~~~ ~~~~~ .~ ~~~

55



Table 5.7
Communi ty Dependence on Air Transportation Factors

Approach Aid Candida te Airport/Communities

COMMUNITY COMMUNITY
DEPENDENCE ON DEPENDENCE ON

AIR TRANSPORTATION AIR TRANSPORTAT ION
FACTOR FACTOR

Akutan 56.64 * Old Harbor 56.15 *
Aniak 68.66 Ouzinkie *

Attu *

- Petersburg 63.57
Barter Island * Platinum 63.65

Point Hope 72.39
Ca pe L i s burne * Port Heiden 64.23 *
Ca pe Newenham * Port Lions 59.98 *
Cape Sarichef * Port Moller
Cape Spencer *

Chandalar * Qulnhagak 66.31
Chevak 60.89

Rain y Pass Lodge *

Oahl Creek *
Driftwood Bay * St. Mary 1 s 78.98
Dutch Harbor 62.65 St. Paul Island 76 .90

Sagwon *

Emonak 74.32 Sand Point 77.48
Savoonga 67 .47

False Pass 47.48 * Selawick 71.81 *
Skagway 80.40 *

Gambell 65.97 Sparrevohn *

Stevens Vil lage 52.23 *

Haines 80.64 * Suninit 31.66 *
Holy Cross 58.06
Hooper Bay 71.81 Togiak 78.98

Toksook 63.73
Iliamna 50.65 *

Iimiat *

King Cove 68.48 * Umnak *

K ipnuk 70.23
Kobuk 52.23 Valdez *

Lonely * Wa inwright 71.81 *
Wien Arctic Vil lage 54 .64 *

Mekoryuk 67.82 Wrangel l 63.57
Minchumi na *

Nikolski 49.31 * Yakataga *

*Aj rfj e lds excluded from subsequent approach aid ranking procedures ; based
on screening to focus study resources on most promising candidates , i.e. ,
sites reconinended for Improved approach aids by the airspace users.
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5.2.5 Ranking Methodology

The mos t difficult aspec t of this task was the merg ing
of the recommenda ti ons of the various user groups . While each
air carr ier provided it s own se t of prior it ies , the underly ing
ra t ionale was not suff ic ient ly quantita t ive so as to form a
basis for comparing the po tential payof fs  that could be rea l-
i zed by relieving the problems of one carr ier relati ve to those
of ano ther . Fur ther , while the air carrier priorities are
mos t probably ba sed both upon direc t financial and commun ity
need f actors , there was no absolute assurance that the relative
impor tance of community need was appropria te ly inc orpora ted
into the ir recommenda t ions . As a result , an independ en t
rank ing model was developed . In retrospect , the a ir c a r r i er
p r ior iti es are  r ea sonab ly  we l l pre served , a fac t which  tend s
to validate bo th ranking procedures.

In the f i n a l  anal ys is , the NAVAID implemen tation sequence
w il l be based upon various budgetary and subjecti ve cons ider a-
tions wh ich canno t be included in this s tudy . As a consequenc e ,
one of the study objectives was to gather , organize , and pre-
sent as much information as possible to facilitate post-
publicat ion ana lyses.

For the approach aids , a quantitative ranking system was
dev eloped . Th is was based upon the following equa ti on:

= 
(P + F). D (l ap)

where
S = prob lem severity indicator

P = annual enplaned passenger s (normal i zed to a max i-
mum value of 100)

F = annua l tons of cargo and mail (normalized to
a max imum value of 100)

D = community dependenc e on ai r travel
p = landing p robab ility as es tim ated in this s tudy

( a ll y ea r )

The passenger and freight factors were normalized so as to
facili tate the combining of their values. Normalization of
communi ty dependence indicator serves only to enhance intuitive
appeal and has no ef fec t on the ranking.

Ra t ionale used in developing the aforementioned approach
a id ranking equat ion is as follows . The “P + F” term denotes
the total volum e of relevant traffic. Opinions may be given
as to why the passenger term should be either more or less
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important than the cargo and mail; however , in lieu of substan-
t ive evidence to the contrary , equal  wei ght ings were used. Multi-
plication by the community dependence factor resulted in a term
indicati ve of the total importance of the associated traffic
vol ume . Subs equent mul tiplica t ion by the probab ili ty of not
being abl e to land ( 1 - p ) produces a “total importance ” figur e
of merit. This portion of the equation (i.e., all except the
denominator ) was considered to be the primary problem severity
indicator. The division by “p” was utilized to take into
account the current efficiency of the landing aids. This
last operation has a tendency to produce larger problem
~eve rity measures for airports whose current landing prohahil-
it v is low , independent of the passengers and goods involved.
The effect of “p” is such that the severity indicator increases
nonlinearly as “p” diminishes.

The input parameters and the ranking results are shown
in Table 5.8. The initial ranking was accomplished by assum-
ing t h d t  no landing aids were currently available at any of
the proposed sites. The results are , therefore , a straight-
forward ordering of the severity indicator , S, f rom th e
previously described equation. It is noted that Petersburg
anu ~rangel1 are ranked first and second , respectively, which
is wholly supportable were there currently no approach aids
avai lahie.

The five subsequent rankings are based upon the merits
oi. the specific approach aids. These were developed by comput-
ing the Lhange in  the severity indicator caused by the addi-

ion of each aid. Taking the NDB case as an example , all
severity indicators were recomputed based on the NDB landing
probabilities. Airports currently having an FAA NDB were  ig-
nored. Subtracting the severity indicator ba~~~ on the use
of an NDB f r o m  that computed without a NDB yielded the degree
of improvement attainable through the installation of a NDB .
The magnitude of this improvement was measured by the incre-
men ta i change in the severity indicator. The NDB ranking is
simply an ordering of these improvements . The same procedure
was utilized for the other approach aids.

For the NDB/DME case , the severity indicators of those
airp or r~ having FAA NDB were chan~ cd to reflect o n l y  t h e  incre-
men ta l i m p r o v e m e n t .  This was no t done f o r  the VOR , VOR/DMF
and TAL \N cases f o r  the following reason. The ranking f o r
‘H R  reflects the implementation seque~ice if the d e c i s i o n  is
made that VOR ’s will be the primary and preferred approach
system. If this is the case , it is not certain that the
existence of an NDB should influence tu e imp lementation
sequence. If the implementation of a uniform system is not
adopted , the reader may elect to lower the ranking of those
airports which currently have FAA approach aids. All of the
information necessary for this adjustment is contained in
Table 5.8.
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The exis tence of private NDB ’s were noted , but the rank-
in~ s were based on the assumption that they did not exist.
Simi larl y , ai rpo rts where potent ial VOR si t ing problems ex is t
were noted but the. ~‘ankings were not altered since it was not
possible within the scope of this study to accurately estimate
th~’ extent of the siting difficulty. However , airports where
definite and severe VOR siting problems are known to exist
were deleted trom their respective rankings. All alterations
to the strai ghtforward ordering of the severity indicators ,
like those mentioned above , are duly footnoted in Table 5.8.

5.3 COMBINED (ENROUTE , APPROACH AND DUAL APPLICATION) RANKING
AN t) RECOMMENDED IMPLEMENTATION SEQUENCE

The bas eli ne (non-NAVAID influenced) rankings of Table 5.3
(Enr oute Aid Lo cation) and Table 5.8 (App roach Aid Loca t ion)
are illustrated in the right and left hand columns , respec ti ve-
lv , of Tabl e 5.9. Eight sites were in common to both lists ,
t ’
~ us could possibly derive a multiple benefit if implemented.

These sites are listed in the center column of Table 5.9 in
order of their relative importance. This order was derived
by taking into consideration their position on each of the
enroute and approach aid rankings. Thus , St . Mary ’s, second
below Dutch Harbor on the approach list and second below Port
Heiden on the enroute aid list , was ranked first among those
locations common to both lists. Port Heiden was five steps
below St. Mary ’ s on the approach list (considering only those
sites common to both lists indicated by an asterisk in
Table 5.9) while Dutch Harbor (for the purposes of this study ’s
enroute anal ysis--co-located with Cape Sarichef) was three
steps below St. Mary ’ s on the enroute list. At the other
extreme the Point Hope/Cape Lisbourne combination ranked last
on t h e  e n r o u t e  l i s t  and t h i r d  from the  l as t  on the  approach
aid list.

Having established the order (from top to bottom) of the
locations identified in each of the three columns of Table 5.9 ,
t t ie next step was to perform an overall ranking considering all
of enroute , approach , and dual application candidates . This

~-.as accomplished judgmentally by comparing the top remaini ng
candidate from each of the three columns. Thus , the first
comparison required an assessment of the relative attributes
of Petersburg, St. Mary ’s and Chandalar. Considering all the
factors developed and previously presented in this section ,
St. Mary ’s was  deemed to offer the greatest payoff potential.

St .  Ma r s ’s was then eliminated from the middle column
which resulted in comparing Petersburg, Port He iden and Chanda-
t ar in which case Port Ileiden was preferred and ranked number
two below St. Mary ’s. The process was continued until all
proposed locat ions were ranked. The final results of this
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procedure are presen ted in the “combined ranking” columns of
Table 5. 9.

Procedures similar to those described in Sections 5.1
and 5.2 were used to modify the aforementioned baseline com-
bined ranking to account for the peculiarities associated
wi th each type of candidate NAVAID. The results of this pro-
cedure are presen ted in Table 5. 10 , for NDB , NDB/DME , VOR ,
VOR/DME and TACAN navigation aids , respectively.
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VI. CONCLUSIONS

Lack of a comprehensive data collection system by virtu-
a ll y all elemen ts of Alaska ’s air transpor tat ion indus try made
it impos s ible to quanti fy opera t ing ineffic iencies and asso ci-
ated dollar costs attributable to that state ’s prevailing a ir
navigation system . Further , the scope of this study was not
designed nor did it permit the determination of candidate
navigation aids ’ ins tal lati on and r e c u r r i n g costs on a si te-
spec i f ic basis. Thus , both componen ts of the clas sic “benefit !
cost” ratio were not available for use in identifying a set of
NAVAID installations that would satisfy Alaska ’s shor t - term
air navigation needs in a cost effective manner.

However , sufficient material was developed during the
course of this s tudy to permi t de term inat ion of a recommended
se t of NAVAID improvemen ts based on performance ra ther than
cost c r i t e r i a .

6.1 RECOMMENDED ENROUTE NAVIGATION AIDS

After reviewing the material developed during this study
wi th FAA represen ta t ives, it was concluded that VOR/DME
appeared to be the bes t alterna tive for solving A laska ’ s
near- term enroute navigation needs .

Two performance indices were established to provide a
basi s for est imating the required number of new VOR/DME
installations:

(1) the per cent of total navigation gaps filled , and
(7) the per cent of total air tax i IFR f l ights and

revenue affected.

The site specific values for these indices were obtained
from Table 5.1 and Appendix E , respec ti~rely. These values
were summed on a s i t e - b y - s i t e  basis  in the order recommended
in Table 5.3 for candidate VOR/DME-enroute locations , there-
by producing a cumulative distribution sensitive to the pro-
posed number of new NAVAID’ s. The resul ts of this analysis
are illus tra ted in the curve s of Figure 6.1.

Inspec tion of these curves reveals three distinct groups
(A , B and C) of NAVAIDs . The first six recommended locations ,
i.e., the “A” group , were  selec ted p r imar i ly for their “gap
filling ” capabilities.
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Group A - 6 Locations to fill existing navigation gaps

~ Chandalar - V436-, V347 - F a i r b a n k s  to
Deadhorse

/ Sparrevohn - G - 9  - Anchorage  to Be the l
1’ Y a k a t a g a  - V 317 - Anchora ge to Southeas tern

Pen.
/ Pt. Heiden - V4S6 - Anchorag e to Aleu t ian

Chain
/ Il iamna - V4 2 7 , V45 6 - Anchorage  to King

Salmon
/ St . Mary ’s - V506 - Bethe l  to Nome

Group “B” consists of the next seven locations in the
recomm ended s equence. These si te s were selec ted p rimar i ly to
expand the existing Victor route structure. The performance
indice s are fla t for this group , s ince  there were no gap s to
fil l or IFR traff ic on these non-exi stent routes.  This
should not however diminish the impor tance of these s ites .

Group B - 7 loca tions to expand route s truc ture

/ St. Paul Is. -

/ Cape Newenham Mainland to St. Paul Island
,/ Cape Sarichef

(Dutch Harbor) - Aleutian Chain

/ Umiat - Fairbanks to Barrow (Nor th
Slope)

,/ N i k o l s k i  - A l e u t i a n  Cha in
/ Adak - A leut ian Chain
/ Kobuk (Bornite) - Route s truc ture in the nor th-

wes t

Th e final group , “C” , encompasses the remaining candida te
s i t e s .

Based on this se t of informa t ion , as displayed in Figure
6 .1 , i t  would  appear t ha t  n~~t less than 6 nor more than 20 VOR/
DME ins tallations would be required to provide adequa te suppor t
for Alaska ’s short-term enroute navigation needs .

6.2 RECOMMENDED NON-PRECISION APPROACH AIDS

The perf ormance index selec ted for assessing the “benefits”
that would be achieved through the addition of NAVAIDS to im-
p rove  approach condi t ions was th e “severi ty improvemen t indi-
ca tor ” of Table 5.8 . The values of the severity improvement
indicators assoc iated wi th the bes t performing NAVAID sys tem
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(i.e., TACAN) were totaled for the set of airports (22) includ-
ed in the TACAN ranking . This total was then used as a base-
line against which other alternatives were measured. The per
cent of this total achieved by the first and then subsequent
airpor ts , in an order corresponding to the recommended imple-
mentation sequence (Table 5.8), was determined for TACAN , VOR/
DME and NDB/DME options. The results are illustrated in
F i g u r e  6 . 2 .

An examination of Figure 6.2 reveals that the first 6
facilities would achieve 90 per cent of the attainable benefit
for a given type of approach aid. Fur ther , the TACAN benefits
are significantly greater than those produced by either VOR/DME
or NDB/DME . This is due to the projected inability of either
VOR or NDB to provide the desired minimum s at either Peters-
burg or Wran gell.

Based on this information, it appears that six NAVAID
installations are suffic ient for the purpose of sa t isfy ing
Alaska ’s short-term non-precision approach requirements. The
spec i f ic a irports are dependent on the type of nav igation
sy stem selec ted , as shown in Table 6 .1.

6 . 3  OTHER CONCLUSIONS

6.3.1 Non-Direc t ional Beacons

While defic iencies inherent in Non-Directional Beacons
(NDB ’ s) precludes their considerat ion as a viable primary
componen t of a long-term Alaskan air navi ga tion sys tem , they
may have a useful role as a partial short-term solution .

6.3 .2 TACAN

TACAN appears to offer advantages when compa red to a VOR/
DME naviga tion system in the Alaskan environment. These bene-
fi ts include :

(1) less s tr ingent s it ing requiremen ts;
( 2 )  demons t ra ted  ease of- s i t i n g/ f l i ght  c h e c k/ cL I l m i s s ion -

ing in  adverse env i ronmen t s ;
(3) better performance in rugged terrain (i.e., reduced

scalloping);
(4) improved accuracy , and
(5) lower installation and operating costs.

These apparent benefits should be tempored with the knowledge
that 63 per cent of Alaskan based aircraft currently have VOR
avionics . Thus , if TACAN were imp lemented as a short-term
solut ion , a large por t ion of A laska ’s air navigation system
users to derive a benefit from that system , would have to re-
equip with TACAN avionics and thereby incur the associated
Costs. Further , the useful lifetime of TACAN avionics may be
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Figure 6.2 Non-Precision Approach Aids Cumulative Performance
Index Using Recommended Ins tallation Sequences

Table 6. 1
Candida te  A i r p o r t s  Recommended for  Immedia te  NAVAID I n s t a l l a t i o n

SELECTED NAVI GATION SYSTEM

TACAN VOR/UME NDB/DME

Wrangell Dutch Harbor Dutch Harbor
Petersburg Sand Point Sand Point

RECOMMENDED Dutch Harbor St. Mary ’s St . Mary ’ s
AI RPORTS Sand Point St. Paul Island St. Paul Island

St. Mary’s Togiak Togiak
St. Paul Island Aniak Eninona k
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s h o r t e n e d  i f  and when o t h e r  “wo r ld wide ” a l t e r n a t i v e s  a re
chosen to replace the “short-range ” ground-based systems.

6.3.3 Further Considerations

As d -cussed in previous paragraphs , this study , using
the best available data , has recommended an implemen tation
sequence in order that the near-term navigation problems
may be treated in a timely manner. The use of alternate
approaches are not considered practical since , at this point
in time , these solutions are either high risk or unavailable.
But in  imp l e m e n t i n g  the  s u g g e s t e d  n e a r - t e r m  s o l u t i o n s , it is
imperative that the air navigation planners stay aware of
s u b s e q u e n t  d e c i s i o n s  r e g a r d i n g  the even tua l  l o n g - t e r m  s o l u t i o n s
that cou ld  cause  a m o d i f i c a t i o n  of the  i m p l e m e n t a t i o n
strate gy p r e s e n t e d  h e r e i n .  In a d d i t i o n , r e v i s i o n s  of the
estimated cost and performance of both short- and long-term
t iternativ e s and user attitudes could be si gnificant , which ,
in turn , could affect the supporting implementation rationale.
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