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1. SYSTEM REQUIREMENT. Replacement of all airport surveillance radar 
(ASR)-4/5/6 systems together with associated air traffic control beacon 
interrogator (ATCBI)-3 equipment is certified a8 a valid system require
ment. The replacement equipment shall be designed to meet current 
operational requirements and shall include remote maintenance monitoring 
and diagnostic features to the extent that they are cost-effective. 

2. SYSTEM DESCRIPTl<ti. The ASR and the associated ATCBI equipment 
provide surveillance of airspace up to 20,000 feet above ground level 
within a 60-nautical-mile radius of the airport. The ABR provides 
range and azimuth information on aircraft within this airspace, and 
the ATOl, in conjunction with the transponder installed in the 
aircraft, adds altitude and identity inforMtion. Data from these two 
complementary systems are used to accomplish control and separation 
of aircraft by geographical pOSition rather than by ttme and altitude, 
thus expediting the safe flow of traffic in the crowded terminal 
environment. Upon completion of the currently approved establishment 
program, approximately 180 ASR/ ATeBI systems will be in commissioned 
service. 

3. BAatGROUND. 

a. Approximately half of the total ASR/ATCBI inventory (96 ASR, 
69 ATeBI systems) consists of aging, obsolescent vacuum-tube ASR-4/5/6 
and ATeBI-3 equipment. The three radar systems, essentially identical, 
were originally procured in 1958. The first system was commissioned 
in 1960 and the last in the 1964-65 time frame. The ATeBI-3 is of 
comparable vintage. Thus, the average age of the hardware is currently 
15 years; the design, which is an inherent and basic limitation on 
system performance, is over 20 years old and must be considered crude 
by current standards. Radar detection range for email aircraft in 
the clear varies from 25 to 35 nautical miles depending on aircraft 
course, attitude, position in the antenna beam, etc. The probability 
on a tangent ial course i8 marginal at any range. Processing and display 
of weather in a usable form is not provided. 
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b" Whi1@) a AIIkilled controller can usually work arO'llud theH 
limitatioM, the quality of data provided by the ASR-4/S/6 l:oIdiiri 
will not effectively support the automated systems scheduled for 
impl~entatiou in the future. False alarms generated by weather &nd 
clutter reduces ~ffectiveneS8 of the automation .ystem. 

c. A steadily deteriorating logistic8 support capability, primarily 
a result of the industry-wide transition from vacuum-tube to solid-state 
technology, is aggravated by increasing evidence of system wearout. 
In addition, the inherently low stability and reliability of analog 
circuitry impleaented by vacuum-tube technology has further decreaaed 
with age. Despite the continuing deterioration of equipment reliability, 
an acceptable level of operational availability is being achieved on 
the ASR-4/5/6 and. ATCBI-3 systems. 'i'his 1s accomplished. however, only 
at the expense of a correspondent increase in maintenance workload 
and support cost. 

4~ ULATED FACTORS. 

a. Data from ASi-4/5/6 systems are used at very-high-activity terminals 
such as Washington National, L08 Angeles, and Oakland as well as low
activity terminals such as Casper, Wyoming. Consequently, these older 
syeteas mUBt achieve the same operational availability as the new 8olid~ 
stat!! systems. 

b. There is mounting evidence of mechanical wearout of such major 
sy~tem components as the antenna, stable local oscillator (stalo) 
and parametric amplifer. Each ASR-4/5/6 system uses over 900 receiving 
tubes of more than 40 different types. Vacuum-tubes are becoming expensive 
and difficult to obtain. Over the last few years, the average unit 
price for all receiving type vacuum-tubes has gone up at an annual 
't'<l£!te of 13 percent.. SOllIe tube p:-icee have increased at .m much faster rate 0 

The Btalo tube unit price increased fram $69 for a lot of 1»300 to 
$98 for a lot of 2,100 over a period of one year. With an annual 
demand in excess of 2,000 tubes, the annual COlt for this tube alone 
ia over $200,000. Solid-state device COlts, by contralt, continue 
to fall. 

c. Recent technical developments, specifically the development 
and evaluation of the moving target detector (mtd) by Lincoln Labora
tories/SRDS, indicate that correction of most if not all of the performance 
deficiencies of the ASI-4/5/6 syst ... i8 well within the atate-of-the-
art. The Btd provides a very significant improvement in detection 
of airplanes over clutter and/or on courses tangential to the radar. 
The mtd also baa the flexibility to provide simultaneous optimum 
detection of targEts and weather. 
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d. IecOiniziag the li.ited capQbility of the ASI-4/S/6 radar 
to detect .-.11 a~rcraft UDder edveroc ~ondition8, the Rational fraDlpOrtation 
Safaty Board I'MI'ftral year. a80 'l'8Cma~ed that '1AA UIldertake the clevelopment 
of ali adrboro.e device to mer ... the -radar ero •• fleCtion of _11 airc.raft. 
An atens1ve I&D effort directed tOWllrde this _ concluded that INch 
a device was not practicable. The alternative i. to iRprove the detection 
capability of the raclar. . 

e. A radar beacon .,stem independent of pr~ry radar is not 
considered adequate for terminal application because of the .igaificant 
portion of the aenerat aviation fleet not equipped with tran.pondersj 
the pos.ibility of transponder failure; and the need to detect, proces., 
and display .. ather data. 

f. The Air Traffic Se~ice has stated. requirement for prt.ary 
radar in the te~in.l area ~or at least the next fifteen yeara. 
If the ASR-4/S/6 and ATClI-3 sylt._ are not replaced, a capital irrveltment 
estiaated at $6.5 sillion and increae. in lupport costs will be nece.aary 
merely to suet.in operation with ,no opportunity to realize .avinas 
in lupport and saintenance coats or provide needed performance ~rov ... nts. 

I. Analysis indicate. a net prelent value in eKce •• of $6.05 
.dllion throuah BOre efficient utilization of atr8pBCe, increa.ed 
.afety, and lower 8upport co.t. reeultiua fram replac ... nt of the ,current 
.yatea. with one of .uperior ... 11 taraet and weather detection capability 
and state-of-the-art tecbnolo,gy. 

h. The ASR-4/S/6 equipment does not .eet the emi •• ion characteristics 
.pecified by the Office of Telecoamunicatione Policy in the radar 
lPectrua enaineering criteria (ISle). Extenaive filtering or perhaps 
total replaceaent of the trans.itter would be nec •• aary to bring the 
.quipaent into ca.pliance. Thi. coat ia not iueluded in the eatt.Ated 
co.ta for the ainiuum inveataent required to auatain operation. 

i. The Discrete Address Beacon Syatem (DABS) ia the logical 
luccea.or to the N.roU. Bowever, ai'DCe the decilion t'O implement 
DABS has not yet been made, it 18 necessary to proceed with the first 
phue of an AYe)I-3 replacement prosr.. It 18 anticipated that the 
deciaion to implement DABS will be .ade at a time such that it will 
be n.ce .... ry to procure only a minimWll numb. r of ATeBI ay. telllS prior 
torthe implementation of DABS. 

5. OPEIATIOHAL ugu::atlMlN'rS. The operational requi'l.'lliments as stated 
by the Air Tr .. ffic Service will be met with the following reservations: 
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~. HlDi .. r •• e cover •• Oil •• 11 aircraft at .. viem. upset 
preseutiua the ainiauB ra4ar ere •••• ction (1 .quare meter) vill be 
l~ited to SS .il •• r.th~~ tilan the atated 60.ilel. IRall aircr~ft 
viewed at more than ~inimum aspect will be detected to 60 Eile •• 
Thio il cOl'ullidt!1EV~;, i:I reasonable cOIlDprOll.i8. to alleviate detection 
ai.play of more diatant, larger aircraft al second-time-around tarsets. 

b. The radar will detect and process siz level. of weather. 
IIWllt M recoanized. however, that racl.ar return. frOlll .ather 

not nece •• arily correlate to a high dearee with area. of potentially 
hasarooue turbulence. 

Co Air Traffic Service requested 100 percent operational 
availability. Design of an infallible .yatem is not physically 
po.sible. The new radar will, however, be deaisned for an availability 
in exeeB8 of .99S. 

d. sy.tea resolution capable of supporting 1-1/2 .ilee aeparation 
to a ro'l.'ille of 25 nautical aile. frca the radar is po •• ible. The prii:'eb.tib1111t::J 
of aarbled beacon repli •• i. higher at such 8eparations, however. 
Garbled replies canDot be ueed for beacon trackiDg DOl' can they be 
correctly decoded for altitude aGd ieleGtity. 

6. OPTIONS. The foUowiDg altemative. were considered a. pot_dal 
.elution. to the problem of continuina radar service as alightly 
acre than half of the ASI inventory approaches the end of it. operational/ 
fucctioul life: 

a. Continue to operate the exi.tina equipllent with the mni .. 
capital h'lvestment neeeeRry to au_ain the current level of performance G 

b. Replace the existing ASR/ATCBI equipaent with systems 
... currently in production. Potential candidatel iGclude the ASR-8 

""'and Air Poree CPR (XX> radars and the ATeBI-S. Moving tarlet detector 
v111 be aclded to the radar. 

c. Replace the existing systems with a new system design. specified 
to meet current operational requirements and 8upport the agency'. object~ve 
of _intewanee growth rate 1I8nagement. 

far 5 



11/13/78 1811.3 

7 • COST AtW,YSIS. 

". An ecOI1OGl1c .. 1,.,1, of the pmpoMd AIR replacl!IIleIlt program involves 
all ca.par1eon of the costl of umta1..!ni.sil..;, the preMtlt 95 opeTational ABR.-4/5/6 
81st.- with the cost of thd:r Teplae ... ut with one of two alternatives: 

(1) Installation of ASR-8 with mtd. 

(2) Installation of a newly designed radar. 

b ~ 111 calculat ing tbe cost of uinta1ning the pre.-nt .ystem from 
1980 .. 2005. the total auppctrt COR. of u.mta:l.nins 9S ASI-4/S/6 sites weTe 
een_nat ivaly iDcru.MCl at the ",ate of .2 percent per ,...1' to account for 
IIAL increase in 1cgiatic MJp'pOrt COlt amd othft Te1ated _intenance expenses. 
Additionally, capital U1pl'OV8DeDtl to the older radar. viii be necessary in 
order to keep them operating to the ,.ar 2005. 1'he prosram. cout 1D.ues to 
2005 s:l.nce .. the lalt of the propoll8d replac-.mt radar. will be inltalled 
in 1986 and will reach the 8Dd of their life 20 years later. 

c. In calculating the total potential benefits that would result from 
replac-.ut of the ASI.-4/5!6. a ft.'Ul!lber of factors were couIUered: 

(1) !be uviqa in operat1ua and _iDteuance coata. 

(2) '.ftle replaceent raclar t • :improved potential for avoiding midair 
colU .• iens through 'Gee of mtd capabtU.ties. 

(3) !be replacement radar'. tmproved weather detection c.pability 
wbich haa the potential for reducing the number of air c.rrier and leueral 
aviat:loll accidents where lHNere ..... ther i8 a cau .. or contributing f.ctor. 

4. After an eumiDat100 efoper.ting and maint8ftUCe costa. aircraft 
accidents, auc:l future all" traffic act lvity, an aulyail va. performed with 
the following re8Ults: 

(1) '!be interaal rate of return of a replacement IYltem utili.zing 
an ASR-8 racial' with • aeparate Iiltd i8 9 .. 4 percent (25-year progTam life II 
$167M tnv8ataent). 

(2) '!he internal rate cf return of a replacfillllltmt ayBtem utilizing 
newly de.igned radar and beacon iDtenogator .yatem. 1. 10.6 p4lTcent 
(25"year program life. $l54M l'D.'V88tment) e 
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,manufacture of mieroelectrODie ~~~w~~~~.~ 
t.o 1ru;.;;;~ ,1 r~.:liulting in lower east. Two faetors affect C.CUJt: 

(1 Price of individual devices 18 declining. 

(2) Complexity of devices is iocreasing, so that fewer Y~11YJl,i.'~. 
required to perform a given function. The second factor also tends to 
increase system reliability. 

, :;';;r; , . ~ ", ;.>/:: 

-, .. c. It. wholesale replacement of eleetrCllllechanical components, not 
~:~e operating systems but also in the .,nroamental support system, 

be required to extend the life of the exiitlua system out to the minimum 
1S-year period specified by the Air Traffic Service. B.eplacement/modific$l"" 
tiou program. inevitably result in .erv1ce disruptions. 

d. There ia no practical way to correct the inherent perfo~ee 
deficiencies or add the required weather detection aDd processing cal~all~11:!l.t3) 
to the current systems. Operat!oaal p.rfo~uce is marginal in the current 
aem1automated air traffic enviroament. Pull capability of an automated 
system such as the ARTS III cannot be realized with data of the quality 
available fraa the current systems. 

e. Replacement of the existing systems with an ABR-S, even witb the 
addition of mtd, is not fully responsive to the stated operational 
requirements. In addition, sinee it is comparable in cost and does not 
proVide the full benefits of a new system, -it is less cost-effective. 

f. DABS, like ATCRB, cannot adequately replace primary radar in 
terminal environment because it relies on • po.itive response from an 
operational transponder in the aireraft. In addition, it does DDt provide 
the required weather data. 

g. The only impact of the replacement program upon National Airspace 
System (NAB) users will be an improvaaent in air traffic control service to 
nontransponder equipped aircraft. 

h. The replac.8IDeJ1t program will result in no change in en:ri:ronmental 
impact from that of the c.urrent system. 
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io !bere are no potutiel :nal~~iDI. actions resulti. frClll 
1t"eplae .. nt of the v.c~t. Ml.1 A"f{'.'W"'T' ~uipllfllB'Dt. 

,. AL'DI.MTI SILICDD. 1816113 on the fOI".oi. auly.ie, option 6c 
i8 .itected as sel. the aost eOlt-effective method of provi4ima radar 
.ervice eoubtent with the Itated operational requirtIMat.. 'lbe 
radar will' include .td~ ... ther deeection and proc.e.iuc c.pability, 
and .. inteDaDce eliasaoltics aDd 8Cnitorias f •• tur •••. Ibe r.plac..ent 
ATeBI .,st. will be d .. ilar to the A.TeBI-S. 

10. IMPl.DID1"fATIOl1 CIlITlllA. Thi. "st. I'ellluiraeat for replaCeMent 
of the v.c~tube lSi ey.tea. i. certified subject to the impleaeatation 
criteria noted 'below. lbe proar_ .pouor will provide the System 
l.equireaent Group (RG) with an UHUUIlDent on the continued validity 
of thil system requirement if • detemaination i. aade tbat it il 
unable to meet aay of these criteria. 

&. The new radar .hall eXhibit a aiauificant .... urable and 
discernible improvement oyer the eai.tiDg radar capability to detect 
.-.11 aircraft iu adverBe clutter euvirCDaent and to detect weather 
hazardous to aircraft. 

b. The aew equipment shan poa.e811 reU.abll1ty and _mtatubiU.ty 
cbaracteri8tic8, includiaa reaote maintenance aonitorina. necealary 
to support a .yetea availability in .acea. of 0.99S, and a reduction 
of at leaat SOl in .. int.neuce workload. 

c. A aite-by-aite analy.i •• ball be perforaed to optiaiae .,atem 
eoyer8le/ •• tablia~nt coat in liahtof the reduction of aitiaa reatrictions 
expected fr_ the Ilew equipment. Where operationally appropriate (Walhinaton 
•• tionall Andrewa, Lo. ADlelea, forexaaple) the fea.i)ility of r.placing 
dual-radar ay.t ... witb a siucle, opti .. 11y sited facility ahall be 
illy.adaeted. 

d. Proare •• of the DAIS proara bearl directly on the replacement 
of tbe ATCBl-3. Prior to avardiug 1& contract for replace.ent ATeII 
equipaent. the proare •• of the DABS proar .. must be a.le ••• d to verify 
the continuina requirement for DeW ATe!I equipment. If an ATell contract 
doe. reault. it aUlt be atructured 80 .1 to permit adjultment of quantity 
a. a function of DABS proares.. DABS progress auet be aonitored and 
.Ise •• ed at appropriate cbeckpotnt8 to be established in tbe implementation 
plan. 
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e. The progr4mspousor shall insure that arrangements ~re made 
necessary logistici support~ traiDiug etc •• at a time e~iit~~t with 
&cquiGition &chedule for the prime mi •• ion equipment. 

f.. Cost mel Icheii;'h~le verification pToeec:hlres shall be included iill 
implementation pl'l'?~ These procedure I sball be upable of tradd.D.i ~ 
projectiug ~,~.~~ program costs and performance Icheclules to detect eny 
deviation from the planned COlt and schedule. The total estimated inves~ut 
eost of $154 million plus 6 percent shall be considered the upper limit 
beyond whicb revalidation of the program requirement 1s necessary. 

11 .. DY MILESTONE EVENTS. For pi.mUng and control purposes, the 
dates have been established as progr .. loals. The program mADAger shall 
inform the SRG of any proposed or actual revisions of these dateso 

a. Completion of implementation plan October 1978 

b. Acquisition paper to Transportation December 1978 
Systems Acquisition ieview Couacil 

c. Specification complete September 1979 

d. Contract award JUDe 1980 
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13. AGQUISITION AUTHORIZATION. 

a. This acquilition authorization for replacement of the ASR-4/5/~ 
not addre.. the que.tion of optimum implementation strategy in depth for 
the followtaa reasons: 
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(1) the progr. vill DOt nliUlt :m any lIipif:l.cant change in 
_ntee. 

(2) the pT0IT- doe. 'DOt iDvolve any propoHd ru1_k:mgor changes 
:ID the lIAS procedure •• 

(3) !he Pl'ogr_ doe. 'ACt involve any aiel' equipmant. 4ccordiqly, 
the detall. of optimum t.ple.eatat1aD Itl'ategy are to be addr .... d in the 
t.p1-.entatiDn plan lebecluled to be campl.ted in oCtober 1978. 

b. Authoruat ion 11 granted for the 1Y1t- and pl'Oar. lclant lfled 
herein to ..,. into an 1IIIplaaentat:1oD phaN .a defined in the lateat 
eel it iOD of Oreler 1810.1, Syat_ Acqu.latt ion Maua __ t. 
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