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Abstract  

In 1974 Loran-C w a s  s e l e c t e d  t o  be the  govern- 
ment-provided rad ionaviga t ion  s y s t e m  f o r  the  U.S. 
Coastal  Confluence Zone and t h e  Great Lakes. T i t l e  
1 4 ,  USC 81 s ta tes  t h a t  the  U.S. Coast Guard may es tab-  
l i s h  and maintain e l e c t r o n i c  a i d s  t o  opera te  marine 
naviga t ion  requi red  t o  serve  the  needs of the  m i l i t a r y  
and commerce of the  United S t a t e s .  

Loran-C is a h ighly  accu ra t e  pos i t i on ing  system. 
I t  ope ra t e s  a t  an assigned frequency of 100 kHz, and 
provides phase-coded pulses  t o  develop hyperbol ic  
t ime-difference l i nes -o f -pos i t i on  (LOP'S). In addi- 
t i o n  t o  providing f o r  rad ionaviga t ion ,  Loran-C a l s o  
provides p rec i se  t i m e  and t i m e  i n t e r v a l  t o  within + 5 
microseconds of UTC. The paper d i scusses  the steps 
taken t o  p l an ,  i n s t a l l ,  opera te  and maintain the  
Loran-C system up t o  the  year 2000. The following 
t o p i c s  a r e  included i n  the  d iscuss ion:  theory of op-  
e r a t i o n ,  t iming,  chain planning , group r e p e t i t i o n  in-  
t e r v a l ,  coding delay versus  emission de lay ,  chain c a l -  
i b r a t i o n ,  c h a r t  v e r i f i c a t i o n ,  system accuracy, s i g n a l  
r e l i a b i l i t y  , and f u t u r e  developments. 

The opinions o r  a s s e r t i o n s  contained he re in  a r e  
t h e  p r i v a t e  ones of the  w r i t e r  and a r e  not  t o  be con- 
s t r u e d  as o f f i c i a l  o r  r e f l e c t i n g  the  views of the  Com- 
mandant o r  the  Coast Guard a t  l a r g e .  

BACKGROUND 

Coast Guard operated s ince  1958, Loran-C has been 
providing h ighly  accu ra t e  and r e l i a b l e  radionavigat ion 
s e r v i c e  and Precise Time and Time I n t e r v a l  (PTTI) d i s -  
semination through pulsed t ransmissions i n  the  90-110 
kHz band. A nominal 1200 n a u t i c a l  m i l e  range, coupled 
with a pos i t i on ing  accuracy of 1 / 4  n a u t i c a l  m i l e ,  
t e s t e d  r e p e a t a b i l i t y  of up t o  15 meters ,  and a docu- 
mented a v a i l a b i l i t y  of g r e a t e r  than 99.7%, has made 
Loran-C a r e l i a b l e  radionavigat ion system. Loran-C is 
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a system that can be used in many land, sea, and air 
positioning applications. 

In 1974 Loran-C was designated as the  navigat ion 
system f o r  the  Great Lakes and Coastal  Confluence Zone 
(CCZ) of t h e  c o n t i n e n t a l  United S t a t e s  and Southwest 
Alaska. This zone extends f i f t y  (50) miles from the  
harbor  en t rance  or  t o  the  100 fathom curve ,  whichever 
i s  f u r t h e r .  

To provide such coverage, it w a s  necessary t o  
c o n s t r u c t  1 2  new Loran-C s t a t i o n s  on the  E a s t ,  West, 
and Gulf coas t s  and Great Lakes as wel l  as along the 
Gulf of Alaska and the Bering Sea. This expansion of 
Loran-C s e r v i c e  w a s  c a l l e d  N I P  - National Implementa- 
t i o n  Plan. This toge ther  with the  Loran Improvement 
Program (LIP) ensured t h a t  not  on ly  was the CCZ cover- 
e d ,  bu t  t h a t  the  coverage extended wel l  beyond the  CCZ 
and s t i l l  maintained t h e  high degree of accuracy and 
r e l i a b i l i t y  o r i g i n a l l y  adve r t i s ed .  In f a c t ,  r e l i -  
a b i l i t y  has continued t o  improve through equipment ad- 
vancements t o  the point  where, today, 99.9% a v a i l a b i l -  
i t y  and g r e a t e r  is enjoyed by the Loran user  commun- 
i t y .  

Theory of Operation 

Loran-C naviga t ion  is made poss ib le  by user  
equipment t h a t  measures the d i f f e rence  of time of a r -  
r i v a l  (TOA) i n  microseconds between two f ixed  t r ans -  
m i t t i n g  loca t ions .  This measurement does n o t ,  how- 
e v e r ,  de f ine  a unique point  on the  e a r t h .  I t  de- 
s c r i b e s  i n s t e a d ,  a unique hyperbol ic  l ine-of  , pos i t i on  
o r  LOP. In theory ,  each unique t i m e  d i f f e rence  (TD) 
desc r ibes  one c l a s s i c a l  hyperbol ic  LOP t h a t  is gener- 
a t e d  r e l a t i v e  t o  the  two f ixed  t r ansmi t t i ng  loca t ions .  

By in t roducing  another t r a n s m i t t i n g  s t a t i o n  a 
d i f f e r e n t  s e t  of LOP's i s  c rea ted .  Where an LOP of 
one se t  c rosses  an LOP of another s e t ,  a " f ix"  can be 
obtained.  This f i x  is defined by  the  simultaneous 
time d i f f e r e n c e  numbers of i n t e r s e c t i n g  LOP's.  

T h e o r e t i c a l l y ,  t h e r e  a r e  an i n f i n i t e  number of 
c l a s s i c a l  hyperbol ic  LOP's between t r ansmi t t i ng  s i t e s  
and each LOP i s  defined by i t s  own unique TOA d i f f e r -  
ence.  However, r e a l  world measurements i n d i c a t e  t h a t  
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the  a c t u a l  LOP's a r e  f a r  from c l a s s i c a l .  They're 
a c t u a l l y  warped and bent i n  some a r e a s ,  not  a t  a l l  
l i k e  c l a s s i c a l  hyperbol ic  l i n e s .  

This warping and bending of t h e  LOP's  is caused 
by the  d i f f e r e n t  impedances encountered by the Loran-C 
transmissions as they propagate ac ross  d i f f e r e n t  and 
varying t e r r a i n s .  For in s t ance ,  t he re  is  v i r t u a l l y  no 
warping o r  bending of t ransmissions as  they t r a v e l  
over s a l t  water ,  bu t  across  l and ,  which is non-homo- 
geneous, the  t ransmissions a r e  randomly a f f e c t e d ,  thus 
causing varying degrees of warpage and coverage l o s s .  

Chain Planning 

The p r imary  purpose of a Loran-C chain i s  t o  
provide the  optimum coverage i n  a predetermined geo- 
graphic  a rea .  Coverage includes not  only s i g n a l  
s t r e n g t h ,  but  a l s o  p o s i t i o n  geometry necessary t o  ob- 
t a i n  the  requi red  accuracy. The primary considera-  
t i o n s  when designing a Loran-C chain a r e :  

(1) des i r ed  s i g n a l  s t r e n g t h  
( 2 )  background noise  l e v e l  
( 3 )  system geometric c o n s t r a i n t s  
( 4 )  Group Repet i t ion  I n t e r v a l  ( G R I )  s e l e c t i o n  
(5 )  s p e c i f i c  s t a t i o n  pos i t i on ing  

The s i g n a l  s t r e n g t h  a t  a s p e c i f i c  l oca t ion  in  the  
Loran-C s e r v i c e  a r e a  is dependent upon the  t ransmi t ted  
power and the  conduct iv i ty  of t he  path over which 
t h e  s i g n a l  must propagate t o  reach the  observer .  
Transmitted power is  p r i m a r i l y  a func t ion  of both an- 
tenna and antenna c u r r e n t ;  the  g r e a t e r  t he  power r a d i -  
a t e d ,  t he  f u r t h e r  away the  s i g n a l  can be received.  

S igna l  a t t e n u a t i o n  is  a func t ion  of the conduct- 
i v i t y  of the su r face  over which the s i g n a l  must propa-  
g a t e .  When t h e  path is homogeneous i n  conduct iv i ty  as 
i n  propagation over sea water ,  the  s i g n a l  l e v e l  can be 
e a s i l y  computed. However, when the  propagation paths 
a r e  mixed i n  conduct iv i ty  as they a r e  i n  land masses, 
k i l l i n g t o n ' s  Method is  used t o  compute s i g n a l  
s t r e n g t h .  The usable  coverage a rea  is l imi ted  by both 
t h e  s i g n a l  s t r e n g t h  and the  geometric r e l a t i o n s h i p  of 
t he  L O P ' s .  To be u s e f u l  t o  t he  nav iga to r ,  i n t e r s e c t -  
ing LOP's  should c ross  a t  30 degrees or g r e a t e r .  This 
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is  necessary t o  provide a 2 drms accuracy of 1 / 4  nau- 
t i c a l  mile .  

The t r a n s m i t t i n g  s i t e s  chosen with regard t o  the  
prev ious ly  discussed c o n s t r a i n t  can vary up t o  25-30 
mi les  without an apprec iab le  e f f e c t  on system cover- 
age.  The f i n a l  s i t e  s e l e c t i o n  becomes one t h a t  must 
cons ider  both e l e c t r o n i c  and c i v i l  c o n s t r a i n t s .  

Timing 

Group Repet i t ion  I n t e r v a l  (GKI) is the i n t e r v a l  
between success ive  pulse  groups measured a t  any one 
s t a t i o n  i n  a chain.  In gene ra l ,  the  goa l  of G R I  se- 
l e c t i o n  is t o  s e l e c t  a minimum G R I  t h a t  causes mini- 
mum mutual i n t e r f e r e n c e  between Loran-C G R I ' s  i n  the  
coverage a rea .  A cons idera t ion  i n  the s e l e c t i o n  of a 
G K I  i s  t h a t  i t  be as f a s t  as p o s s i b l e ,  s ince  increased 
duty cyc le  w i l l  provide a r e l a t i v e  s i g n a l  t o  noise  
improvement. For example, a d i f f e rence  between a G R I  
of  100,000 vsec (GRR=lOCPS) and one of 50,000 vsec 
(GRK=ZOCPS) would show an apparent gain i n  s i g n a l  t o  
no i se  equal  t o  +3db. 

S / N  = 20 l o g  G R R l / G R R 2  + 20 log  20/10 = +3db 

This i s  equiva len t  t o  an increase  i n  power by a f a c t o r  
of  2. 

Factors  governing the  determinat ion of minimum 

(1) pulse  spacing 
(2) r e c e i v e r  recovery time 
(3) coding d e l a y s  

G R I  a r e :  

The c u r r e n t  Loran-C format provides f o r  a master 
pu lse  group of n ine  pulses .  The f i r s t  e i g h t  of which 
a r e  spaced  1000 vsec apar t  and a n i n t h  pulse occuring 
2000 vsec a f t e r  the  s t a r t  of the e igh th  pulse .  The 
secondary pulse  groups are a l l  i d e n t i c a l  i n  format but 
c o n s i s t  of only e i g h t  pulses  spaced 1000 w e c  a p a r t ;  
no n i n t h  pulse .  The width of the  ind iv idua l  pulses 
are a nominal 300 vsec. Therefore ,  the e l a p s e d  time 
from the  s t a r t  of the f i r s t  pulse  of a group t o  the  
end of the  group is 9300 vsec f o r  t he  master and 7300 
vsec f o r  the  secondary groups. 
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In a d d i t i o n  t o  the t i m e  period occupied by e i t h e r  
t h e  master o r  secondary group, an a d d i t i o n a l  t i m e  in -  
crement must be included t o  a l low the  rece iv ing  equip- 
ment a t  the  Loran s t a t i o n  s u f f i c i e n t  t i m e  t o  process 
t h e  group information. This a d d i t i o n a l  t i m e  increment 
i s  i d e n t i f i e d  as r e c e i v e r  recovery t i m e .  Since the  
abso lu te  minimum of time of occurence between any two 
success ive  pulse  groups takes  place a t  a t r ansmi t t i ng  
s i t e ,  it becomes necessary t o  consider  the  minimum 
r e c e i v e r  recovery t i m e .  The recovery t i m e  v a r i e s  be- 
tween s i g n a l s  received:  4000 Fcsec f o r  M t o  X and 3000 
psec f o r  X t o  Y ,  Y t o  2, and Z t o  M. 

Coding Delay 

The purpose of the  coding delay assigned t o  each 
secondary s t a t i o n  is t o  a l low the s t a t i o n s  of a chain 
t o  t ransmi t  s e q u e n t i a l l y  i n  t i m e  and t o  prevent over- 
l a p  of the  d i f f e r e n t  s i g n a l  groups anywhere i n  the  
system. The Coding Delay takes  i n t o  account base l ine  
l eng ths  i n  usec ,  d i s t ances  betweeen secondar ies ,  and 
t h e  number of secondaries  i n  the  chain.  

To meet the  foregoing c r i te r ia  it is necessary t o  
consider  t he  propagation time between s t a t i o n s ,  t he  
l eng th  of t he  s i g n a l  group ( i n  time) and coding d e l a y  
assigned t o  the  preceeding secondary. For example, a 
pulse  r e p e t i t i o n  period commences with the  transmis- 
s i o n  of the  mas ter ' s  group of nine pulses .  The master 
group is then received a t  each secondary ( W ,  X ,  Y ,  & 
Z ) ,  delayed i n  time by the  amount of t h e  ind iv idua l  
base l ine  d i s t ances .  The f i r s t  secondary (Xray) , upon 
receipt  of t he  master group's f i r s t  pulse  i n i t i a t e s  a 
countdown, o r  f ixed  de lay ,  t o  when i t  w i l l  commence 
i t s  t ransmission of pu lses .  This f ixed  delay allows 
f o r  recept ion  of a l l  n ine  of the  master's pulses  plus  
recovery time needed by t h e  secondary equipment. The 
s i g n a l  t ransmi t ted  by the  f i r s t  secondary inus t t r a v e l  
t o  the  next  secondary (Yankee) in  t h e  proper sequence. 
Yankee must process the  master pulse  group, t he  Xray 
pulse  group and i t s  own delay before  it i n i t i a t e s  i t s  
own t ransmiss  ion. This sequence is repeated throughout 
t h e  chain u n t i l ,  f i n a l l y ,  t he  master must rece ive  the  
l as t  secondary's pulse  group before  it can begin a new 
cyc le  of opera t ion .  

A t  t he  f i r s t  secondary the  minimum allowable cod- 
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ing delay is determined only by the  length  (time per- 
iod) of  the master pulse group and the  secondary 
equipment recovery time. The master pulse  group r e -  
q u i r e s  a t i m e  period of approximately 7000 usec be- 
tween the  s t a r t  of the  f i r s t  pulse and the  s t a r t  of 
t he  e igh th  pulse .  The recovery tirne f o r  the  r ece ive r  
of a master pulse  group is  4000 vsec. Therefore ,  the  
minimum allowable coding delay f o r  the  f i r s t  secondary 
becomes the elapsed time from the  beginning of the  
f i r s t  pulse t o  the  end of the r ece ive r  recovery time 
o r  11000 usec. 

A t  the  second secondary, the minimum allowable 
coding delay i s  governed by the  t i m e  required f o r  the 
propagat ion,  and r e c e i p t  of the  master and the  f i r s t  
secondary pulse  group plus  the  equipment recovery 
time. 

In developing Coding Delay assignments,  the  com- 
puted r e s u l t  is rounded o f f  t o  the  next  higher  1000 
vsec increment (unless  it computes t o  an even thousand 
usec va lue ) .  In ass igning  the  order  of secondary 
func t ions  it is wel l  t o  t r y  a l l  poss ib le  combinations 
a t  each l o c a t i o n  s ince  s i g n i f i c a n t  d i f f e rences  i n  the  
ca l cu la t ed  minimum G R I  may be r e a l i z e d .  

Ca l ib ra t ion  

Once a Loran-C chain i s  e s t ab l i shed  and i n i t i a l  
coding delays a r e  assigned t o  a l l  of the  secondar ies ,  
i t  becomes necessary t o  check o r  c a l i b r a t e  the e n t i r e  
cha in  and make minor co r rec t ions .  The primary purpose 
of a Loran-C chain c a l i b r a t i o n  is t o  ensure t h a t  the  
Emission Delay (ED) of each secondary s t a t i o n  is s e t  
t o  t h e  value published by the U.S. Coast Guard. E m i s -  
s i o n  Delay is the  tirne i n t e r v a l  between the master 
s t a t i o n ' s  t ransmission and the  secondary s t a t i o n ' s  
t ransmission i n  the  same G R I  (both s t a t i o n s  using a 
common time r e fe rence ) .  This c a l i b r a t i o n  technique is 
accomplished using a po r t ab le  cesium o s c i l l a t o r  o r  
"Hot Clock", which is synchronized t o  Universal  Time 
Coordinated (UTC). The time of each s t a t i o n ' s  respec- 
t i v e  Time of Transmission (TOT) is measured a g a i n s t  
t h e  c h a i n ' s  G R I  when synchronized t o  UTC. The Hot 
Clock is  used t o  provide the  extremely accura te  f r e -  
quency f o r  t he  Repet i t ion  Rate Generator and t o  pro- 
v ide  t h e  one pulse  per second (1PPS) f o r  Time of 
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Coincidence (TOC) determinat ion and synchronizat ion.  
This is  b a s i c a l l y  a hardware implementation of the 
d e f i n i t i o n  of Emission Delay (ED). 

Data is c o l l e c t e d  f i r s t  a t  the  mas ter ,  then a t  
each secondary s t a t i o n  and, f i n a l l y ,  a t  the  master 
again.  The c o l l e c t i o n  is  performed a t  the  base of the 
t r a n s m i t t i n g  antenna. A clamp-on cu r ren t  transformer 
i s  i n s t a l l e d  and the  s i g n a l  is coupled d i r e c t l y  t o  a 
common mode r e j e c t i o n  f i l t e r ,  then t o  a coupler u n i t .  
The s i g n a l  i s  then fed t o  an osc i l loscope  and the Com- 
put ing Counter. 

The TOC f o r  the  G R I  being measured is ca l cu la t ed  
and the  re ference  G R I  i s  synchronized t o  i t .  A pu l se ,  
corresponding t o  the  beginning of the  re ference  G R I ,  
i s  coupled t o  the  Computing Counter. 

T i m e  of Transmission (TOT) readings a r e  recorded 
f o r  each pulse .  Each TOT is  the  mean value of 100 
s e p a r a t e  samples of the  time d i f f e rence  between the  
beginning of t he  re ference  G R I  and the  s tandard Zero 
crossover  (SZC) of t he  pulse  being measured. Then the 
TOT of t he  next  pulse  is measured. 

The purpose of the  two v i s i t s  t o  the master s t a -  
t i o n  is  t o  set  a s t a r t  t i m e  f o r  the c a l i b r a t i o n  and t o  
determine the  frequency o f f s e t  between the master op- 
e r a t e d  o s c i l l a t o r  and the  Hot Clock. The clock e r r o r  
r a t e ,  expressed i n  nanoseconds per hour ( the  r a t e  a t  
which the  Hot Clock 1PPS output  is s h i f t i n g  i n  t ime,  
with respect t o  t h a t  of t he  master opera te  o s c i l l a t o r )  
i s  c a l c u l a t e d  by measuring the  timing o f f s e t  between 
the  two v i s i t s  and d iv id ing  by the  elapsed time from 
the  f i r s t  t o  t he  second measurement. 

Using the  Clock Error Rate and the  period of the  
t i m e  between the  f i r s t  master da t a  c o l l e c t i o n  and the 
data c o l l e c t i o n  a t  the  secondar ies ,  a co r rec t ion  t o  
the  secondary TOT's  i s  determined and appl ied .  The 
e f f e c t  of t h i s  co r rec t ion  is  t o  g e t  an a c t u a l  TOT 
which has been cor rec ted  f o r  Hot Clock d r i f t .  

The Cont ro l l ing  Standard Time Difference (CSTU) 
o f f s e t  f o r  the  b a s e l i n e ,  as seen a t  the monitor s i t e  
i n  c o n t r o l  of the  p a i r ,  i s  a l g e b r a i c a l l y  subt rac ted  
from the  TOT's  t o  c o r r e l a t e  t he  measured TOT with the 
assigned CSTD. Then the  ind iv idua l  pulse  TOT's f o r  
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each s t a t i o n  a r e  ad jus ted  t o  the  f i r s t  pulse  of the  
r e s p e c t i v e  phase code groups. The mean is taken of 
t h e  ad jus t ed  TOT'S, y i e l d i n g  the  f i n a l  TOT f o r  the  
s t a t i o n .  

The Emission Delay of each secondary is c a l c u l a t -  
ed as fol lows:  

EDs = TOTS - TO% 
The CSTD co r rec t ion  is  determined as 

COR = EDp -EDs 
where EDp is the  published ED €or the  base l ine .  The 
c o r r e c t i o n  is  added a l g e b r a i c a l l y  t o  the  p re sen t ly  as- 
s igned CSTD t o  a r r i v e  a t  the  value f o r  the  new CSTD. 

Chart V e r i f i c a t i o n  

The Coast Guard is  aware t h a t  the use r  may s t i l l  
f i n d  i n c o r r e c t  pos i t i on ing  information. This i s  
caused by t h e  varying a t t e n u a t i o n  of t he  s i g n a l  pre-  
v ious ly  mentioned t h a t  cannot be accu ra t e ly  pred ic ted .  
However, t he  Coast Guard performs surveys t o  v e r i f y  
t h e  published c h a r t  g r i d s  a g a i n s t  a c t u a l  received 
Loran-C s i g n a l s .  The Coast Guard has been ve r i fy ing ,  
and w i l l  cont inue t o  v e r i f y ,  t he  Loran-G navigat ion 
c h a r t s  u n t i l  s a t i s f i e d  t h a t  the information published 
i s  v a l i d  when compared t o  the  a c t u a l  s i g n a l  received. 
Through the  accumulation of Loran-C d a t a ,  co l l ec t ed  
s imultaneously with information from e i t h e r  Navsat, 
r a d i o  t r i a n g u l a t i o n ,  o r  t h e i r  combination, and the  
even tua l ,  comparison of t h i s  d a t a  t o  published c h a r t s ,  
LOP pe r tu rba t ions  are i d e n t i f i e d  and char ted  and a 
new, more accu ra t e  nav iga t iona l  c h a r t  i s  published 
through DMA. 

Future Deve l o  pmen t s 

What about Loran-C f o r  the  f u t u r e ?  Obviously, 
much, i f  no t  a l 1 , o f  t he  growth of Coast Guard operated 
Loran-C is over.  The CCZ is covered. However, cer- 
t a i n  i n t e r n a t i o n a l  developments have c rea ted  a need 
and a d e s i r e  t o  i n s t a l l  Loran-C chains  i n  var ious 
l o c a t i o n s :  the  Suez Canal f o r  one, t he  Bay of Biscay  
f o r  another .  These chains  a r e  paid f o r  and operated 
by o t h e r  fo re ign  governments f o r  t h e i r  own purposes. 
The G R I  s e l e c t i o n  is  normally coordinated through the 
U.S. Coast Guard. And the  Coast Guard does provide,  
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when asked, any t echn ica l  o r  ope ra t iona l  information 
deemed necessary or  h e l p f u l .  

I n t e r n a l l y ,  t he  Coas t  Guard i s  preparing for  an- 
t i c i p a t e d  hardware improvements, which could al low f o r  
almost complete automated Loran-C opera t ions .  Through 
the  d i s t r i b u t i o n  of Hewlett-Packard 9825's and spe- 
c i a l l y  prepared Calcula tor  A s s  i s  ted Loran Cont ro l le r  
(CALOC) sof tware ,  much of the  transmitting s t a t i o n  
monitoring func t ions  w i l l  become automated. Fu r the r ,  
t h e  use of Hewlett-Packard 9845 c a l c u l a t o r s  promises 
t o  a l l o w  many of the monitoring s i t e s  t o  be automated 
and remoted t o  the  c o n t r o l  s t a t i o n s ,  allowing a sub- 
s t a n t i a l  decrease in  t h e  nunber of personnel requi red  
t o  monitor the t ransmi t ted  s i g n a l s .  

The S o l i d - s t a t e  Transmit ter  (AN/FPN-64), along 
with s p e c i a l  Remote Operating System (ROS) hardware, 
promises f u r t h e r  personnel reduct ions.  C r e w s  of 11 o r  
more can be e f f e c t i v e l y  reduced t o  4.  The Coast Guard 
i s  p re sen t ly  planning t o  rep lace  the  old AN/FPN-42 
t r a n s m i t t e r s  with the AN/FPN-64. 

Yet a l l  of t h i s  hardware improvement and subse- 
quent personnel reduct ion is  being planned and coor- 
d ina t ed  s o  the re  w i l l  be no degradation i n  s i g n a l  o r  
s e r v i c e .  The e s t ab l i shed  goals  of 1200 n a u t i c a l  mile 
range ,  1 / 4  mile accuracy, 15  meter r e p e a t a b i l i t y ,  and 
99.7% a v a i l a b i l i t y  w i l l  continue t o  be m e t  or exceeded 
wel l  i n t o  the  next  decade. 
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