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SECTION 1

INTRODUCTION

The present DEW System consists of a network of high powered l ong

range radars ; most of which were developed and installed in the 1950’s.

The operation and maintenance of this radar network is costly in resources

and logistics. Tactical requirements have changed and technology has

progressed sufficiently that it is now possible to consider configuration

alternatives which will allow cost effective tactical application of the

DEWLine for the foreseeable future.

This study addresses the operational feasibility and practicality of

replacing the manned DEWLine with a chain of Unattended Stations supported

by minimally manned logistics nodes. The equipments required for the Un-

attended Stations and communications support systems are identified , and

power budgets established . The cost drivers effecting the Life Cycle Cost

of the system are identi fied and alternative system concepts are evaluated .

Many Unattended Station concepts are presented which take into account the

vast geographical and environmenta l extremes to be found over the extent

of the DEWLine. Logistics and fuel requirements are examined and trans-

portation concepts presented. The study culminates wi th a Life Cycle Cost

sumary which evaluates the developed concept alternatives . Recommendations

are made which , if accepted , should minimize developmenta l risk and Life

Cycle Cos t for implementing Unattended Stations for DEWL Ine.
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SECTION 2_

OBJECTIVE & SCOPE

• 2.1 OBJECTIVE AND SCOPE

The primary objective of this study was to establish the technica l and

economical feasibility for a string of unattended radar stations along the

DEWLine. This required an analysis of critical aspects associated wi th these

stations such as design , operation , maintenance and support. In addition,

it required the development of preliminary design concepts which took into

account the vast environmental and geographical extremes to be encountered .

It was necessary to develop alternatives and concepts which satisfied the

requirements of these extremes and to provide a cost analysis for twenty year

life cycle cost.

• 

• 

The study was l imited to a baseline system consisting of 83 unattended

radar stations (with maintenance nodes) extending eastward from Cape Lisburne ,

Alaska to Cape Dyer, on Baffin Island , then south to St. Anthony , Newfoundland.

The study did not include consideration of Greenland Ice stations or further

exercises pertaining to radar type mi xes, DEWLine relocati on , and additi onal

site selections . Existing site data was evaluated to establish typical

statistical distribution of characteristics effecting concept development and

life cycle cost. Unattended station designs and model concept devel opment was

l imited to implementation through emerging technologies which have reasonable

promi se of availability in the early 1980’s. A specific study ground rule was

that no detailed “Black Box” design was to be underta ken.

2.2 STUDY PROCESS FLOW

Figure 2-1 show s the design process fl ow used to devel op the study. The

study was divided into five major phases, Indoctrination , Definition , Study ,

.~~~~~
. 
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• Design , Documentation. The order of these phases received chronological

emphasis although the nature of the study was such that considerabl e feed-

back was i n evid ence.

• During the indoctrination phase basic data was assimilated from related

studies and available agency files. This included a tour of the DEWLine by

a representative study team member.

The definition phase resulted in the establishment of the baseline system,

station concept, equipment configuration, life cycle cost model , reliability

maintainability concepts and logistic concepts.

The balance of the study modified the plan slightly in that the outcome

resulted in a number of concepts and alternatives rather than a single specific

design.

2-2
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SECTION 3

SYSTEM ARCHITECTURE

3.1 NODE CONSIDERATIONS

3.1.1 Introduction

The DEWLine was established over twenty years ago under conditions

considerably different from those related to the concept of an unattended

radar. Initial DEW station location decisions were driven considerably by

logistic support requirements as wel l as radar coverage optimization. The

radars were large requiring considerable prime power and fuel . They were

also compl ex , requiring maintenance by technicians having many and diversified

disciplines. These technicians in turn required support personnel and support

facilities. All this added up to large operating facilities requiring sizeable

logistic support. Ready access to beaches and airstrips capable of handl ing

large cargos was mandatory . The station support equipment alone accounted for

significant tonnage and cost. This system and its required sealift support

routes are shown in Figure (3.1—1).

The radar stations proposed for the unattended stations , relatively

speaking ; are small , low power , and significantly more reliable then their

predecessors. In some respects they are more comp lex. Thi s complexity , however ,

is functional and any impact it might have on station availability is offset by

improved system reliability brought about principally through technology develop-

ments of the past 20 years .

The size of the major components comprising the unattended station sub-

systems are relatively small by previous DEWLine equipment standards. Indeed ,

the unattended station itsel f is small by present DEWL1ne standards and con-

ceptually may require some re-focusing.
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Acceptance and realization of the unattended station concepts put forth in

this study raises several interesting points. The structures required for the

stations , and the components comprising the equipment configurations can be

fabricated and assembled into packages easily transportable by hel icopter.

Large runways will not be required to either fabricate or support a station.

Helicopter landing pads will suffice. The size and the reliability of the

stations are such that radar coverage requirements can supersede accessibility

for determining station location . Acquisition of large parcel s of real estate

need not be a concern. Road or large aircraft accessibility is not a mandatory
requirement.

3.1.2 Baseline System

The baseline system from which this study evolved was compr i sed of a

line of 83 unattended radar stations and 6 maintenance nodes utilizing

operating and abandoned DEW Sites and additona] previously identified site

locations extending from Cape Dyer , Baff in Island southward to St. Anthony,

Newfoundland. Initially 6 maintenance nodes were arbitrarily identified as

the 6 operating main stations (POW , PIN , BAR, CAM , FOX , AND DYE , Ma in) .

Typically, each node services 14 adjacent unmanned stations spaced by 40 nm

intervals and linked by a LOS (Line of Site) microwave relay system. The

logistic support for the baseline system was that shown in Fioure (3.1-1).

Each node is self sufficient and supported a 17 man maintenance team.

In addition each node maintains a support helicopter and full crew.

An essential part of the study was the determination of what equipments

were required by the unattended stations , their availabi lity , parameters, and

characteristics. These are covered in detail in Section 3.3. In developin9

the concepts in this report considerabl e use was made of studies previously
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accomplished . Typical unattended radar characteristics and cost were provided

by the Governmen t as a result of previous studies establishing concepts for

unattended radars. General Electric participa ted in these studies . Conse-

quently we were able to utilize our radar concept in the unattended station

development, since it fits within specified parameters. Other related

Government sponsored studies such as the ERDA (Energy Research & Development

Adm.)  P ower Study were f ac tore d into the baseline system to avoid study

duplicati on.

3.1.3 POL Requirements

A major consideration in the development of Opera ti ona l an d Ma intenance

Node concepts for unattended radar stations deals with the reauirement for

fuel . Principal among these are the quantity used , resupply logistics and

secure storage.

Discussions with DEW Office personnel in Colorado Springs and examinati on

of the Civil Engineering data obtained from them showed that the present system

uses approximately 11 million gallons of fuel per year and has approximately

20 million gallons storage capacity . It requires fuel resupply by 4 sealift

routes referred to as Pacer—Alaska , Mack , DEl’! Basin , and Goose, following the

routes indicated in Figure (3.1-1). In addition it requires that the Air Force

maintain several barges and two ships , the AOG Pinnebog, and the floating dry—

dock , ARD3I , located at Tuktoyaktuk, both of which will eventually require re-

placement.

The unattended station and manned node concepts described in this report

would drastically reduce these P01 requirements to as low as .6 million gallons

per year. This drastic reduction in fuel requirements prompts some additional

cost saving considerations. To evolve these considerations the line is divided
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into four logistics zones shown in Figure (3.1-2). Zones I and II derive sea-

lift support from Pacer Alaska and Pacer Mack. Zones III and IV presently must

derive their support from Pacer Goose and Pacer, DEW Bas in. In additi on Zone III

contains 8 station sites that require airlift refuel inq.

In the present logistics system BAR-3 (Tuktoyaktuk) is a main staging area

for Zone II and a back up depot for Zone I. Sufficient fuel is stored on the

barges to resupply the stations in Zone I in the event that ice prevents resupply

from the west. The nodal concepts developed in this study eliminate the manned

stations from Zone I, leav ing on ly Po int Bar row and Bar Ma in as manne d nodes.
• Point Barrow is presently supported by the existing Navy Facilities , and Bar

Ma in can be easily supported by Pacer Mack. Pacer Alaska can be el iminated

or use d as a bac k up for Pacer Mack , which is a highly unlikely prospect.

There is sufficient fuel storage in the Tuktoyaktuk-Inuvik area and at CAM-

Main to provide multi-year storage for all stations in Sector ’ s I an d II. The
multi-year fuel storage is only limited by quality control and testing require-

ments. For that reason it is recommended that two year storage is optimum. In

addition , there is ample storage capacity at FOX-Main (Hall Beach) and Goose Bay

or Frobisher Bay to supply Zones ill and IV.

The 8 stations requring airlift are in Zone 111 and would receive their

support from FOX-Main.

It is conceivable that the sealift support could be reduced to two, Pacer

Mack and Pacer DEW Basin.

All unattended station refueling would be accomplished by barge and

hel icopter, and the need for maintaining deep water vessels would be elimi nated.
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3.1.4 Arctic Development

A basic consideration in the development of an unattended DEWLine

having widely dispersed maintenance nodes was that of providing the services

tha t are presently available from the manned stations. These include the

support requirements such as Navaids , cleared airstri ps, weather reporting

and alternate airstrips required for interstation travel . The average

distance between nodes , in the baseline 6 node configuration , is 530 nm.

This means that alternate airdrome facilities independent of the present DEW

System have to be available

Arctic development was examined through discussions with Canadian DND

personnel , and examination of Canadian Government Documents. It was interesting

to note that more facilities were availabl e then originally anticipated .

Facility identification was limited to those having airstrips and commercially

available power. These are listed in Figure (3.1-3). The Canadian IFR and

VFR supplements were examined to determine the commercial availability of air-

craft fuel . Those having availabl e fuel are checked in the last col umn of the

listing. Although only about half of those listed show available fuel , there is little

question that fuel can be made available at the other l ocations for Governmenta l

purposes. The locations of these facilities are shown in Figure (3.1-4).

Present major Arctic development activity is located in the Northwest

territory , westward from Coppermine. This consist primarily of offshore oil

drilling in the Beaufort Sea. Primary activity is in the region around

Tuktoyaktuk. Contracted helicopter service is presently active in this area.

As one moves eastward along the DEW Line the degree of activity decreases

sharply, and is l imi ted primarily to prel iminary geological explorations. Most

of the activity taking place is directed toward obligations to the l ocal populace.

Some of these have influence on nodal concepts developed during this study . A

major concern in developing these concepts was the apparent lack of non-DEWLine

3—7
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related resources east of Coppermine. This appeared particularly severe on

Baffin Island and down the east coast of Labrador. This concern has been

somewhat alleviated by Canadian Government Projects . Comercial air traffic

is being scheduled into Broughton Island , and additional airstrips have been

• developed at Pangnirtung , Cape Dorset, Coral Harbor, Pelly Bay , and Spence Bay.

These facilities all have potential for secure fuel storage. This is parti-
• cularly true of Pelly Bay which could be used to store fuel for the inland

unattended stations between CAM-3, CAM- 4 and CAM-5.

The availability of suitable airstrip facilities at Pangnirtung, Broughton

Island and Cape Dorset provides adequate support for Baffin Island and could

very wel l use Frobisher Bay as a node. Frobisher Bay has complete facilities

under the Canadian Maritime Comand that could b~ used to support personnel

and aircraft .

The remaining concern is that segment of the line extending down the east

coast of Labrador to St. Anthony. There is no known development being considered

in this area at this time. Support for these stations would have to come from

Goose Bay, Frobisher Bay, and Ft. Chimo. Considerinq the type aircraft beina

recommended, S-61 and S-76 helicopters , this is an acceptable but marginal

separation condition for available alternate facilities . The only other

alternative would be to develop a depot at an existing coastline airstrip such

as Saglek.

Further examination of the DEWL1ne stations indicated that there were other

services which though presently co-located wi th the DEWLine would remain even

if the DEW stations ceased to exist. Specifically, MOT personnel presently

operate the airstrips at BAR-3 , CAM-M , and FOX-M. These are associated with

Tuktoyaktuk , Cambridge Bay, and Hall Beach respectively and would remain active

regardl ess of DEWL1ne disposition. In addition there are weather service

personnel providing synoptic duties at Cambridge Bay.
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Arctic helicopter utilization was similarly examined and yielded some

interesti ng resul ts . Year around helicopter utilization in the Arctic is

an established fact. This is due primarily to helicopter support In the

development of fuel sources. Commercial services for the class of helicopter

required, typically the Sikorski S-6l and S-76, are available , principally;

in the Northwest Territory. Service can be made available in the eastern

regions, and has been in the past , but presently is not; due to the lack of

demand. Commercial Arctic hel icopter services are relatively expensive and will

cost in the neighborhood of $60,000 per month per helicopter plus $280 per

operational hour.

3.1.5 Node Operational Alternatives

The assimilation of the information made availabl e from the previous

sections contributed to the generation of the nodal concepts that follow .

Figure (3.1—5) is a tabulation of the Node Operational Al ternatives

that were evaluated during this study. The details of the evaluation are

discussed in Section 3.3.

The baseline nodal concept arbitrarily uses the six existing Main

Stations as Nodes. This was sufficient to establish some of the questions

regarding transportation , facilities and P01 requirements wh i ch were pre-

viously addressed. It was al so determined that all nodal conceDts considered

coul d be supported by helicopters of the S—61 and S—7€ class.

For the basel ine system, all Main Stations were supported by a complete

17 man maintenance team and helicopter team , with helicopter .

In addition each alternati ve shown can be implemented using either LOS

mi crowave , or satellite except the fourth and sixth alternatives which are

satellite only, because data Is centrally collected .
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The Baseline concept had several major weaknesses. It created a very

unbalanced line with DYE-Main having to support Baffin Island and the entire

southeast extension. In addition it did not take full advantage of existing

resources , such as available airdrome support from other than DEW personnel .

It also did not make full use of available storage.

Alternate 1 is similar to the baseline and is designed to correct the

identified shortcomings. BAR-3 replaces PIN-M as a node to ta ke advantaae of

the MOT manned airstri p and the available staging resources at Tuktoyaktuk.

DYE-M becomes an unmanned station. Its original node functions are split with

the data monitoring function going to Ft. Chimo , and the maintenance support

assigned to Goose Bay. This essentially means that the node functions can be

supported by existing facilities. The remaining probl em with this concept rest

with the LOS microwave system which would require additiona l relays to bring the

data to Ft. Chimo . This shortcoming , however , disappeared wi th the satellite

option.

The next step in developing the node concepts was to design systems which

take full advantage of the reliability expected from the unattended stations—
• thus the development of a roving team concept. It takes advantage of the air-

• drone manning availabl e at the sites independent of DEWLine presence as was

previ ously discussed . This alternate has two full maintenance crews centrally

located at CAM-M with a helicopter and crew chief located at the other nodes.

In addition , the other nodes were minimally manned with data teams only. Any

required maintenance action would require ma i ntenance team shuttling to the

closest node. Shuttling could be accomplished by fixed wing aircraft or

hel icopter. This Is indicated by the S in the final column .

The third alternative is the same as the second with the exception that

it recognizes the labor sovereignty between Alaska and the Northwest territories

and so now locates a full maintenance team at Pt. Barrow.

i— 1~
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Al ternate 4 simplifies the system still further by taking ful l advantage

of the satellite capabilities . It recognizes that all data reduction can be

accomplished at one location and places it back at the ROCC . The only personnel

left on the line are ma intenance personne l , a full maintenance team at POW-M

and CAN—M , an airstrip maintenance team at BAR-M , supply services at BAR-3 and

FOX-M, and a helicopter wi th crew chief at Ft. Chimo . It should be recognized

that this data reduction could also be carried on at a Node such as CAM-M prior

to sending reduced data to the ROCC.

Al ternate 5 is the same as alternate 4 except it is designed as a four

Node system.

Alternate 6 is a reduced four Node system which takes into account the

ful l reliability expected from the satellite system and unattended stations.

It is a goal to be strived for. It uses two ful l roving maintenance teams .

One for Alaska , located at POW-M , and one for the remainder of the line located

at CAM—M. BAR-3 and Ft. Chimo then utilize existing facilities and are used

for supply support only.

Al though, the roving team concepts may seem revolutionary , it should be

pointed out that Canada , at the present time uses similar concepts for their

support of the Arctic Tel esa t serv ices. They have no ma intenance personne l

stationed in the Arctic.

Secondly, the adaptation of the var ious al ternates depends on the cr iti ca li ty

of station maintenance. The roving team concept is based on the assumption that

station outage is unpredictable, and time off the air is unpredictable, in

addition , the aggressor response time to take advantage of such a situation is

generally longer than the down time . Consequentl y, extended periods of un-

scheduled station outages are generally of little concern . All that is necessary

is that the maximum time for any maintenance action must be less then minimum

time for aggressor action.
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3.2 Network Operati onal Considerati ons, Trades, and Life Cycle Cost

The object ive of this study is to demonstrate the basic technical and

• economical feasibility of acquiring, maintaining, and operating a network of

unattended radar stations in the Arctic environment. The approach which GE has

taken to this end is to identify the factors driving the system life cycle costs

(LCC), postulate low risk alternative feasible acquisition, operations , and

maintenance concepts and procedures, and evaluate these alternatives in terms of

network performance , e.g., probability of successful mission , availability,

coverage, etc. Finally, with overall network performance goals in mind, trades

have been performed to minimize the total DEWLIne unattended network life cycle

cost. By taking this approach at the outset of the study, life cycle cost has

• been given the visibility necessary to impact program decision during the study.

• 
For the same reason, the network operational considerations and trades are best

presented within the framework of LCC factors .

3.2.1 Life Cycle Cost Dri vers

The LCC model which has been used in the study is basically that recommended

by the Air Force in the post-contract award briefing, 11E...259 Unattended Radar Site

Study Life Cycle Cost Task 1t . Departures from this model have been few , are of a

minor nature, and are explained thoroughly where introduced. This model is in

close agreement with the model GE proposed in response to the study RFP, and

provides an excellent balance between detail and simplicity . This balance was

crucial to the successfu l accomplishment of the many meaningful major tradeoffs

presented in this report . The seven primary factors in the LCC model are categorized

as either Acquisition or Operations and Maintenance (O&M ) costs , and are :
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LIFE CYCLE COST FACTORS

• Acquisition Costs

--Development Costs

-—Site Sel ection, Preparation and Construction Costs

--Production Costs

• O&M Costs

--Transportation Costs

--Personnel Support Costs

--Spares Costs*

--Power Costs

Throughout the study, effort has been concentrated on those areas which held the

most promise of large LCC payoffs for the Air Force . Al so , every effort has been

made to illuminate and resolve basic feasibility questions associated wi th the

maintenance and operation of a network of unattended radars in the Arctic environ-

ment. The major cost drivers associated with such a radar network are summarized

in Table 3.2—1 below.

.-• TABLE 3.2-1
IDENTIFICATION OF COST DRIVERS

COST DRIVERS COST IMPACT

• Tower Heights Acquisition

• New Sites Required Acquisition

• Maintenance Concepts O&M

• Station Reliability Versus Maintenance Acquisition Versus O&M

• Network Configuration and Maintenance O&M
--Reduced Logistics Nodes Al ternative

* The Air Force model further subdivides spares costs Into Initial and
replenishment classes.
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TABLE 3.2-1 (Continued )

COST DRIVERS COST IMPACT

• Support Personnel Reduction O&M
--Reduced Logistics Nodes -

--Roving Maintenance Teams

• Comunications Approaches Acquisition and O&M

• Hel icopter Candidates O&M

• Power Generation O&M

Prel iminary LCC estimates early in the study indicated that support personnel

minimization is a critical requirement . The single largest cost factor associated

wi th operating and maintaining the network is the cost of support personnel .

Consequently, several network configurations involving reduced numbers and manning

level s for logistics nodes have been analyzed for performance , feasibility and

cost. These include network configurations employing four to six logistics nodes ,

and reduced manning maintenance concepts wherein two or three roving maintenance teams

service the entire 83 station line. Seven specific network nodal configurations!

maintenance concepts have been addressed, and are discussed in Sections 3.1 and

3.2.3.

In the acquisition cost area , significant cost drivers are the number of new

sites required, radar and communication tower heights required, station reliability

and the lateral communications techniques implemented.

Smooth earth ca lculations of the radar detection and overlapping coverage

corresponding to 40 nmi site separation , indicate that towers 25 feet above terrain

and 125 feet above sea level provide 24 to 36 nmi of overlapped coverage. These

calculations (figure 3.2-1 ) take into account multipath phenomemon over smooth
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seas (or ice ) for sites overlooking the coast. An overlap of 24 nmi provides

a minimum of eight to nine scans of observation of a 200 foot target at the

4 second data rate of the GE unattended radar design. Furthermore , as il lustrated

In Figure 3.2-1 , coverage increases wi th the square root of tower heights , while

costs tend to rise at least proportionately. For this reason , a minimum above-

grade tower height of > 25 feet and > 125 feet above sea level is reconmiended.

Should lower targets become a driving factor , or If more detailed analysis

(accounting for terrain masking , RCS versus aspect and speed, etc.) so indicates ,

designs shown in this report can easily be ~mp1emented on higher towers——but at

greater costs . Delta costs versus the tower height requirement are presented

herein, with a baseline reference of 25 feet above grade , or 125 feet above sea

level .

3-19



_ _  • •~~ -~~•-— -~~• • •~~~---~~~~~—  • •-~~~~~~~~~--- • - • •

The primary communications alternatives which were considered were line-of-

site ( LOS) microwave and satellite approaches . The baseline comunications approach

was an all-LOS microwave implementation. The equipment utilized in this implementa-

tion was commercially available hardware which Is burned-in and pretested for

increased reliability. At the station level , the equipment is about equal in cost ,

quality, and quantity to the satellite ground station alternative, if the cost of

repeaters is included In the comparison . However , as will be shàwn, there Is an

inherent difference between the network operational performance (especially in terms

of R/M/A) for the two alternatives. In fact , for some of the reduced support level

concepts considered, such as two or three roving maintenance teams to service the

entire line, the cost competitive LOS microwave approach borders on an overl oaded

maintenance condition, wherein maintenance personnel are busy in excess of 100% of

their time. In order to use a LOS microwave communications approach with such

reduced manning concepts (without increasing the manning l evels), it is necessary

to consider increased reliability/cost LOS microwave station equipment. This is

a strong argument in favor of an all—satellite communications approach , which GE

recommends.

A cost driver which has been addressed involving a direct tradeoff between

acquisition cost and O&M cost , is that between station reliability and the frequency

of maintenance required. The question is , of course , whether it is more cost

effective to have a highly reliable station (e.g, 12 months maintenance free at

the .9 level ) wi th few maintenance actions, or better to have a somewhat less

reliable station (e.g., 3 months maintenance a~ the .9 level). Naturally, the

former has higher acquisition cost/ lower O&M, while for the latter the opposite is

true.

Several maintenance philosophies have been investigated , from unscheduled

reactive policies to periodic scheduled preventative policies , including mixed
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pol icies. These have primary impact on transportation considerations and costs,

but also affect personnel support, spares , and power consumption for the network.

Through correspondence and telephone conversations with aircraft manufacturers

and hel icopter services (such as Okanagan, Greenlan d Air , Boeing , Sikorsky,

Shirley , and Bow), many of whom have Artic operations and experience, the hell-

copter has been determined to be a viabl e and attractive means of servicing,

maintaining , and resupplying an unattended radar network such as the DEWLine .

There appear to be no real questions concerning the availabilit y of service, nor

of the feasibility of their utilization on the DEWLine .

In the subsequent discussion of system life cycle costs, all costs are in

1977* dollars.

3.2.2 Acquisition Costs

3.2.2.1 Development Costs

It is recommended that two prototype stations be developed ; one for in-plant

tests and the other for field tests. Both can ultimately be deployed as part

of the final system. The bulk of development costs are associated with the radar

and 1FF equipment. Most of the remaining equipment is the “off-the-shelf” variety.

Specific equipment and potential vendors have been identified in the study , where

possible; for the purpose of solidif ying feasibility and estimating cost. The Air

Force development cost model is:

(3.2-1) C1 
= REM + SIA + SDC + (NPR x CPD) + (NPR x CTP)

• REM = Cost of research, eng ineering and management during development phase of

SEEK FROST system.

• SIA = Cost of system integration.

• SDC = Software development costs--mission , faul t Isola tion , support.

• NPR = Number of prototypes required for testing = 2 factory, on-site, RIM/A.

* A 6% inflation factor was used to bring 1976 reported costs to 1977.
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• CPD = Estimated cost of each prototype site .

• CTP = Cost of testing each prototype.

The cost has been summarized in Table 3.2-2 for the major equipment items

in the baseline station/network. A discussion and rationale for each entry in

the table follows.

3.2.2.1.1 Radar Development Costs

Based on costing activities carried out and reported In connection with the

GE U/MAR study1 , the radar REM cost in 1977 dollars is est4mated to be $8.28M,

comprised of the following:

RADAR REM COST

Design Engineering $5. 30M

Program Management .95 tI

• Special Tools & Test Equipment .82

Producibility Engineeri ng .15

Production Drawings 1.06

$8.28M

It Is recommended that a total of three engineering units of the radar be fabricated;

two for 15-month reliabilit y tests and the third for integration with other station

equipments to become the first station prototype. This prototype will be used for

in-plant performance tests. The second prototype will be assembled from one of the

rel iability tested engineering units after these tests are completed. This leaves

the radar development and production program outlined In the GE U/MAR study Intact.

See Final Briefing , U/MAR Radar Study--Cost Segment, Contract F30602-76-C-0308,

28 January 1977.
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TABLE 3.2—2

C1, DEVELOPMENT COSTS SUMMARY
GE NASS GE DAYTONA

COST GE/U-MAR PRIME STATION WEATHER PHYSICAL
FACTORS RADAR ~~WER COMM PACKAGE NAVAIDS PLANT*

REM 8.28M .36M .5M .lM NONE .5M

CTP l.3 lMx2 .ZlMx2 .l6 M x 2  .O1Mx 2 NONE .O5Mx2

CPD l.0 9x2 .O6Mx2 .59Mx2 .O3Mx2 .OlMx2 .4Mx2

l3.O8M .9M 2.OM (1.84) .l8M .O2M l .4M

SDC = .85M ( ) Satellite Cost

SIA = 1.OM

TOTAL (2 PROTOTYPES) C1 
= $l9.43M (19.27M)

* Unitized Radar Module/Shelter, Towers , Station Monitor and Control , Secur ity
• Components.

The cost of all development radar testing , includ ing the two pro totype radars

is $2.62M, consisting of

RADAR CTP

Rel iability Tests $.92M (first, second engineering units )

Factory Tests 1.O1M (first, second, third engineering units)

Field Test and Integration .69M (two units)

$2.62M

The cost of prototype radar hardware (CPD) is $2.17M, again based on estimates made

during the GE U/MAR study. This cost Is based on three engineering radar units at

$.723M per unit.

If the total CTP and CPD costs are divided over the two prototypes, the cos t

per prototype is $l.31M for testing and $1.O9M for hardware as indicated in Table

3.2—2.
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This gives a total radar development cost of $l3.08M. As was pointed out

during the li/MAR study, this cost could grow depending on the extent of reliability

testing on critical components within the radar required by the Air Force. The

radar radome is considered (somewhat arbi trarily) to be an integral part of the

unitized radar module/shelter* and Is costed (at $200K) in the physical plant

category.

3.2.2.1.2 Prime Power Development Costs

Using estimates generated and reported in the GE NASS study, the REM cost

for a three 2 KW/one 10 KW diesel prime power system is $.36M; of which $.32M

is for enclosure design/development and $.04M for sperial power controller and

maintenance equipment design/development.

The cost of testing prototype engines is given in that report to be $ .2lM

An alternative prime power system which appears more attractive and is there-

fore recommended for the DEWLIne application is three 4.4 KW generators.** This

alternative is discussed more thoroughly in Sections 3.3 and 3.4 of this report. It

would require about the same REM and CTP costs, but woul d take somew hat less in

equipment. Prototype equipment costs are $60K, itemized as:

4.4 KW ($7K x 3) Generator $21K

Switch gear 5K

Battery Chargers 6K

Environment Control Unit 7K

Fuel Tank 4K

Controller 12K

Ducting, Wiring, etc. 5K

TOTAL $60K

* See Section 3.3 for details of this recommended station concept.

•~ 
..• A  These are the same SR1A Lister machines recommended at 2 KW output in the GE

L NASS study, except run at a more efficient 1800 rpm .
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3.2.2.1.3 Communications Development Costs -

Development costs for the communications equipments required for the network

are based on a preliminary design/sizing undertaken by GE within this study. This

activity has revealed that very little development is necessary in the comunications

area if conventional satellite or LOS microwave approaches are selected. Both LOS

microwave and satellite approaches have been life cycle costed. A more detailed

break-down of costs (development and production) is included in Section 3.5, where

the design and other considerations are also presented. The non—recurring cost of

$.655M shown there for the LOS microwave configuration applies to a single prototype,

and covers the development of new capabilities such as remote tuning of the G/A/G

radio and to identify high reliability components. Of this, $.500M is allotted to

research , eng ineer ing and mana gement, while about $.l6M is required for testing

(per prototype). If It is assumed that the cost of prototype unmanned station

comunications plus repeater hardware is in the same ratio to unit production costs

as for the radar (about 2.25:1), the cost of prototype LOS communications hardware

(including a repeater) is about $.59M. The total LOS comunications development

program would then be $2.OM for two prototypes. Corresponding development costs

for the satell ite stat ion are abou t 92% of the LOS station , or $1.84M.

3.2.2.1.4 Weather Package Development Costs

The cos t of research , engineering and management for a minimum weather

package, as described In Section 3.4, Is $lOOK and consists of development of

sensors to meet environmental conditions , development of a ceilometer, and

development of analog-to-digital interfaces. A cost of $1OK per prototype covers

required interface testing and environmental checks. The prototype equipment

is itemized in Section 3.3 and totals $31 .7K per unit.
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3.2.2.1.5 NAVAIDS Development Cost

Off-the-shelf equipment will be employed for station NAVAIDS per Section

3.3.

3.2.2.1.6 Physical Plant Development Costs

These costs were generated to account for all development costs not included

in the other major component categories, viz, the unitized radar module/shelter*,

towers , station monitor and control, and security equipments. The REM cost of

$500K incl udes development of design specifications and the accomplishment of a

detailed design of two prototypes of each of the above equipments, as fol lows :

She l ters*/Unitized radar module $200K

Tower lOOK

Station Monitor/Control 150K

• Security 50K

TOTAL $500K

The equipment in a prototype is the same as in a production unit , wh ich is

discussed in more detail under physical plant production costs. The prototype

equipment unit cost of $404K are naturally higher than the corresponding

production costs, reflecting the learning process associated with production of

F 81 units , as summarized below :

Unitized radar module/Shelter* $275K

Microwave Tower 20K

Radar Tower 109K
• $404K

3.2.2.1.7 Software Development Costs

The software development cost of $85OK covers the cost of on and off—line

* See Section 3.3 for details of this recommended concept. The radar radome is
considered to be an integral part of this facility .
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programing the station monitor and control micro—computer and the prime power

controller. In addition , it includes all programming at the logistics nodes.

• Software development costs have been generated from estimates of the size of

the associated software programs.

3.2.2.1.8 Systems Integration Activity Costs

• Integration activities associated with major station and node component

interfacing total $l.OM, based on estimated level s of design and test efforts

in each activity area, as indicated below.

Radar $lOOK
Pr ime Power lOOK
Commun ications 100K
NA VA ! DS 25K
Weather Package 50K
Security 12K
Performance Monitor lOOK
Faul t Isola tion lOOK
Mechanical 213K

800K

Node Components 200K

$1 .OM

The foregoing development costs for two prototype stations total about $19.43M.
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If , instead of the GE U/MAR radar development costs of $l3.08M, the Air

Force typical E259 radar RDT&E cost of $25M is used1 , the increase in development

cost is about $l1.92M to about $3l.35M. For the performance provided and

technology utilized by the GE design , the $25M figure is considered to be some-

what high. However, should a prime power of 500 watts, and/or 6 to 12 months

maintenance free operation at the 90% success l evel become SEEK FROST requirements ,

such a development cost would be more nearly applicable. At this time, these
requirements do not appear to be necessary for a feasible and economical network.

For prototype stations using one additional standby redundant complement of

LOS microwave equipment everywhere, development costs are increased approximately

by the cost of the additional hardware, or by about $1 .2 M. As had been pointed

out, these more reliable LOS microwave equipments (and Increased costs) should

be used in conjunction with some of the roving maintenance team network configura-

tions (I.e., alterna tes 2, 3, and 6).

3.2.2.2 Site Selection, Preparation , and Construction Costs

The Air Force cost model for site selec tion , preparation , and construction

is shown in Table 3.2—3 , which also summarizes parameters and costs.

TABLE 3.2-3

C2, SITE SELECTION , PREPARATION AND CONSTRUCTION

COSTS SUMMARY

(3.2-2) C2 
= NNS x (SSC + SPC + FCC + SAC) + (NCS x CMF) + (NLN x CSF) + (NR x CR)

• NNS = Number of new sites = 56 (28 New + 28 Abandoned I)

• SSC = Site selection costs = $3K

• SAC = Real estate acquisition costs for new sites = None

• SPC = Site preparation cos~s for new sites = $200K

1 ”Typical E259 Radar Characteristics”post—contract award handout.
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• FCC = Facility construction costs $292K (25’ tower requirement)

• CMF = Cost of site preparation/modification of current sites = $ll8K

o NCS = Number of current DEWLine sites used = 27

• NLN = Number of logistics nodes = 6

• CSF = Cost of support facilities at logistics nodes* 
= $.8M

• NR = Number of repeaters = 74

• CR Cost of repeater site selection, prepara tion , and construction = $151K

F C2 = $27.7M + $3.2M + $4.8M + $11 .17M = $46.87M 6 node baseline with LOS comm .
$35.7M satellite comunications

* Housing, Main tenance Shop, Operations Room, Hangers , Garages , Ware houses

A total of NNS = 56 new and reactivated sites (28 new and 28 abandoned I)

drive this cost, accounting for about 62% of the total . There are 29 sites

currently active on the DEWLine which are candidates for use in the upgraded

network of which 27 have useable towers. To minimi ze site selection, preparation,

and construction costs, maximal use must be made of existing sites, towers , and

facilities as is planned by GE. Further discussion of how the current sites and

facilities may be utilized Is found in Section 3.4.

3.2.2.2.1 Site Selection Costs

Site selection costs are estimated to be $3K per site. This cost is based

on the level of effort required by GE, with architectural and engineering (A&E)

consul ting services, and the cost of a dedicated helicopter for 28 days on the

DEWLIne. Travel and lodging costs are also included .

Site selection requires:

1) The review and study of maps and aerial photographs with the A&E firm.

2) Making tentative selection of each site.

3) Flying over the proposed unattended line to establish exact locations .

4) Preparing a report for each siting.
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3.2.2.2.2 New Site Preparation Costs

The cos t of preparing a new site averages $200K, which has been developed

from the cost of personnel and equipment, housing and provisions , and hel icopter 
6

support transportation during the preparation phase. This cost accounts for

mobilization of the construction team and equipment, si te grad ing, and performing

all excavations and backfilling required for foundations.

3.2.2.2.3 Facility Construction Costs

Facility construction costs average $292K for a new site and includes laying

of radar and microwave tower foundations, erec tion of the towers , construc tion/

installation of temporary housing and living quarters, and construc tion of the

hel ipad and walkway. The cost of radar towers dominate facility construction

costs. Hence, facility construction costs are sensitive to tower height require-

ments , as are the total costs for modifying current sites.

3.2.2.2.4 New Site Real Estate Acquisition Costs

Real estate for new sites (and old ones) are, In effect , loaned to the U.S.

by Canada and invol ve no direct costs to the Air Force .

3.2.2.2.5 Logistics Node Support Facility Costs

The cost of support facilities at a logistics node depends, of course , on

the number of personnel and functions of the nodes.

A full node in the upgraded DEWLine is envisioned to be about the size of

an auxiliary station on the present line . The cost of emplacing additional support

facilities at such a node is estimated at $.8M per node. The basel ine system

consists of six full nodes, resulting In additional support facilities cost of

$4.8M. Additional facilities required will consist of buildings , grounds, •

hangars, roads , sewers and drains, water distribution and treatment, power

generation and distribution , POL storage, fire protection and vehicles .
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The cost of $.8M does not include the cost of mission related operations

and maintenance equipment, which is accounted for under the production cost

category, specifically under support hardware and test equipment costs.

3.2.2.2.6 Existi ng Site Preparation/Modification Costs

At an existing site, It will not be necessary to provide temporary quarters

and the cost of modifying existing towers is considerably less than to bu i ld a

new one. These factors reduce the facilities preparation and construction costs

to $l18.5K, allowin g $75K for modification of existing steel platforms, $27.5K

for helipad and wal kway, and $16K for the microwave tower foundation and erection.

3.2.2.2.7 Repeater Site Selection, Preparation , and Construction Costs

The same factors go into selecting , preparing , and constructing a repeater

site versus a new station site, except the site area and equipment invol ved is

less. A total cost of $151K for each of the 74 repeater sites required is comprised

of $1K for s ite sel ection , $lOOK for preparation, and $50K for fac iliti es

construction.

3.2.2.2.8 Impact of Radar Tower Height Requirements on Site Selection ,

Preparation and Construction Costs

For a radar tower height requirement of at least 25 feet above terrain and

125 feet above sea level , site selection , preparation , and cons truc tion cos ts

total $46.87M ($35.7M) for the entire line . The sensitivity of this cost to

the above terrain height requirement* is illustrated in Figure 3.2-2, in terms

of cost difference relative to the 25 foot requirement. This data was generated

by reexamining the distribution of useable and new tower heights which result

* The requirement of 125 feet above sea level was considered fixed.
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for each new above—terrain height requirement. The break point at 50 feet Is

where existing towers on the line are not conveniently useable. Requirements

for towers more than 50 feet above terrain involve all new towers. As an

additional point of reference, the dashed extension of the curve in Figure 3.2-2

shows s ite selection , preparat ion , and construction costs for all new low

towers. These costs might be of some interest to the extent that relocation

of the unattended DEWL1ne is a consideration.

• 3—32 

~~~~~~-~~--~~~~~~~- ~~~ • - ~~~~~~~~~~~~~~~-•~~~~~~~ -~~~ •~~~~-- - 

j



- — 
— —-‘ -

~ 
•:--- 

~~~~~~~~~~~~ 

- —  _____

(I)
LU

C,,

• ‘-,
C’)

LU

LI,o —
~~~~~

(_)

I-o
E

~~~~~~~~~~~~~~~~LU u_ LUo oc.~ LU

(_~~ C.r)
LU

LU

O LU _ _  ~ I-

~~~~~~~~~~~~~

-j 
0~ z

: i:~~~~~~~~~~~~

*.. (W$ ) SV.L13Q
1SO~ NOIJ3I1~ LSNO3 ONV ‘NOI1V~ Vd3~id ‘NOIJ.0313S 3IIS

3-33



3.2.2.3 Production Costs

The life cycle cost model predicting production costs for 81 stations Is:

(3.2.3) C3 = 81 x (MHC + HSI) + NLN (SHC + TSE + NSI)

• MHC = Mission hardware costs--radar, corn , wea ther , prime, etc.

• HSI = Cost of shipping, storin g , and installing mission hardware to sites

o NLN = Number 0f logistics nodes = 6 (down to 4)

o SHC = Support hardware costs-—remote monitor/personnel support/corn at
logistics nodes

• TSE = Test and support equipment at the logistics nodes

o NSI = Cost of shipping, storing, and installing equipment at the logistics node •

Table 3.2—4 summarizes these costs for the major station components for

the baseline 6 node network configuration.

TABLE 3.2-4

C3, PRODUCTION COST SUMMARY*

COST PRIME WEATHER PHYSICAL~~FACTOR RADA R/IFF POWER COMM STATION NAVA IDS PLANT

MHC .482M .046M .26M (.165M) .032M .O28M .236M

HSI - - - - - .337M
.573M

X81 115.1OM
(107.40)

SHC/TSE/NSI .722~ 6 4.33M

C1 
= $l19.43M (Baseline) $111 .73M

LOS Microwave Satellite
Communications Communications 

- .

* 1977 Dollars

~ Shel ters , towers , statIon monitor + control, securit y
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3.2.2.3.1 Radar Unit Costs

For the radar recommended In the GE U/MAR study , the un it cost of a

production article radar is $.482M, based on a reasonable production rate of

4 units/month for a total of 81 unIts.

3.2.2.3.2 Prime Power Unit Costs

Prime power system unit costs of $46K are derived from the GE/NASS study and

Table 3.2-5 below for a three 4.4 KW generator system.

TABLE 3.2—5

PRIME POWER UNIT COSTS
UNIT TOTAL

QUANTITY ITEM COST ($K) COST ($K)

3 SR1A Diesel Generator Set 5 15

1 Switch Gear 3 3

1 Starter Battery/Charger 1 1

1 Storage Battery/Charger 5 5

1 Environmental Control Unit 5 5

1 Fuel Tank 3 3

1 Controller (including telemetry and inverter) 10 10

MISC Duct ing , Wi ring , Etc. .i.. .1
TOTAL 46

3.2.2.3.3 Communication Equipment Unit Costs

The LOS comunications equipment wilt costs of $.26M are extracted from the

prelim inary design/sizing described in Section 3.5 of this report. They incl ude

$.l56M for each unmanned site and $.lO3M for each repeater. The figure of $.l65M

covers mission hardware costs for all satellite ground station equipments as

also described in Section 3.5.
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3.2.2.3.4 Weather Package Unit Costs

The weather station unit cost of $31 .7K is itemized below and discussed in

• more detail in Section 3.3.

WEATHER STATION EQUIPMENT COST

Forward Scatter Meter $ 15.8K

Anemometer/Wind Vane 1.0K

Pressure Transducer 4.0K

Temperature/Dew Point 4.4K

Sol id State TV 5.0K

Data Conditioner 1.5K

TOTAL $31 .7K

3.2.2.3.5 Navaids Unit Costs

Navigational aids for the station add up to $28.15K as follows:

STATION NAVIGATIONAL AIDS COST

Obstruction Lighting & Rotating Beacon $ 1.15K

/ Ground to Air Radios 10.0K

Low Frequency Beacon 17.0K

TOTAL $28.l5K

These equipments are described more fully in Section 3.3.

3.2.2.3.6 Physical Plant Unit Costs

The mission hardware in this physical plant category is all mission hardware

not heretofore covered , includ ing the radar unitized module/radome, radar and

microwave tower materials, microwave module fire detection and protection devices,

ancillary lights, life support facilities , and oil storage materials--all installed

and checked out in the module. Because min imal radar tower materials are required
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where existi ng towers are used, and because the quantity needed depends on tower

heights for new sites , the actual unit costs for the physical plant vary

considerably across the line . It is estimated that $20K is necessary to adapt

the support frame on existing towers, $12K for microwave tower, and $l6OK for
• the unitized radar module/radome*, or $192K for the physical plant mission hardware

at an existing site. For a radar tower height requirement of 25 feet above grade,

125 feet above sea level , of the 56 new towers to be constructed, mater ials w ill

be requi red for 42 at 25 feet, eight at 50 feet, and six at 75 feet. Radar tower

• mater ials cos ts for these he ights are estimated to be $80K, $95K and $l12.5K,

respectively. The costs of the unitized radar module/radome* and microwave towers

are again $l72K , resul ting in the totals of $252K, $267K, and $284.5K for the

physical plant mission hardware costs for new sites, respectively. When averaged

over the tower hei ght statistics, the average physical plant mission hardware

associated with a new site Is $256.6K. When averaged over 56 new and 27 existing

si tes, the average physical plant mission hardware cost is $236.3K, as s hown in

Table 3.2-4.

3.2.2.3.7 Site Mission Hardware Shipping, Storing, and Installation Costs

All shipping, storing and installing costs have been l umped into this single

category. Most of the radar, commun ications , prime power and ancillary equipment

will be shipped as integral parts of the unitized radar module/radome, minimizing

installation and checkout costs (see Section 3.3). These costs also vary slightly

with the degree of utilization of existing towers/tower heights across the line

for new towers. Costs are itemized below:

* With ancillary equipment, e.g., fire detection, lights , securi ty , l ife support
oil storage, installed and checked out.
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INSTALLATION/
EXISTING SITES SHIPPING & STORING CHECKOUT

Unitized radar modules/radome1 $130K $27.5K

Tower support frame adaptation 2K *

Microwave Tower 6K *

Comunications Equipment l651(2(90K)3 -

Prime Power Equipment 4K —

Subtotal $307K $27.5K

TOTAL $334.5K

INSTALLATION/
• NEW SITES SHIPPING & STORING CHECKOUT

Unitized radar module/radome~ $130K $27.5K

25 Foot Tower 4K *

Microwave Tower 6K *

Communications Equipment l65K2(90K)3 -

Prime Power Equipment 4K 
-

Subtotal $309K $27.5K

TOTAL $336.5K

When averaged over existing and new sites, and tower heights across the l ine, the

total shipping, storing, installation and checkout costs average $336.8K.

* Covered In site selection, preparation, and construction costs.

Including ancillary equipment and radar equipment.
2 LOS approach——shipping, installation and checkout of station $lllK pl us

repeater $54K.

Satellite approach——shipping, installation , and checkout.

3—38

_ __ _  



F - ---

~~~~~~ 

_ _

3.2.2.3.8 LogistIcs Node Facilities

The facilities envisioned for the baseline six full logistics node(s) to

support the unattended radar station network can be categorized as:

1) Civil engineering facilities

2) Operations equipment

3) IntermedIate l evel maintenance equipment

Costs associated with these facilities are summarized in Table 3.2—6.

a. Civil engineering facilities——These facililtes consist of: buildings

grounds , aircraft fac ilit ies , roads , sewers and drains , water distribution

and treatment, power generation and distribution , POL stora ge, heating ,

fire protection and vehicular equipment. The current PIN—4 auxiliary

station is typical 0f the reduced main station fuel consumption at about

11,000 gallons/month, which corresponds to about 100 KW monthly power

consumption.

• b. Operations equipment--These facilities consist of the operations computer

and its peripherals for processing radar/PMFL data from the unattended

radar station and display equipment for monitoring system performance.

A computer having a memory capability near 64 K will be required. The

reliability of the computer and the display equipment are estimated at

about 2000 hours MTBF each.

c. Intermediate level maintenance equipment—-These are the tools and test

equipments used in effecting repair of the failed LRI ’s returned from the

unattended stations. Table 3.2-7, based on the U/MAR radar study, is

considered as representative of test equipment required at a logistics

node.
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TABLE 3.2-6

LOGISTICS NODE FACILIT IES COST

EXISTING ADDITIONAL TOTAL VALUE

Civil Engineering Facilities* $5.6M $.8M $ 6.4M

Operations Equipment ** - .6M .6M

Maintenance Equipment ** - .lM .1M

TOTAL PER NODE $5.6M $l.5M $7.lM

Baseline Network Node Facilities Value: 6 x $7.lM = $ 42.6M

Existing Inventory: 6 x $5.6M = $ 33.6M

Required Additional Facilities 6 x $l.5M = $ 9.OM

= NLN (CSF + SHC + TSE)

* Based on evaluation of existing inventory at PIN—4. The additional cost shown
here is the cost of modifying existing node support facilities (CSF) in C2.

** Reference Section 3.2.3.4 Spares and Repair Parts of this report. The
additional cost here is the cost of additional support hardware and test
equipment at the nodes.
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TABLE 3.2—7

TEST EQUIPMENT AND COSTS

REQUIRED EQUIPMENT COST

Analog Board Tester $ 8,200

Digital Board Tester 46,500

Tools 4 ,400

Power Supplies 4,400

Oscilloscope 5,700

Sweep Generator 5,000

Signal Generator 6,400

VTVM 2,700

VOM 200

Power Meter 3,000

RF Couplers 600

Misc. Cables/Adapters 1 ,000

VSWR Meter 1 ,200

Spectrum Analyzer 3,500

Attenuator 1 ,400
$94,200.
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3.2.2.3.9 Impact of Tower Height Requirements on Production Costs

As has been indicated, the physical plant mission hardware costs and total

shipping, storing and installation costs are sensitive to tower heights. For

each new above-grade minimum radar tower height required*, a new number of use-

able existing structures have been developed , along with new distri butions of

tower heights across the line . This in turn has resulted in new production

costs. The cost differences between these and the basel ine 25 foot requirement

is plotted in Figure 3.2-3. The discontinuity at 50 feet corresponds to the

height of existing towers , and reflects the fact that existing towers cannot be

used, if the above—grade requirement is above 50 feet.

3.2.2.4 Acquisition Cost Impact 0f Network Nodal Configuration Al ternatives

The only node unchanged in alternate (1) from the basel ine configuration is

BAR-M. Additional facilities/equipment required there total $l.5M as in the

baseline . The other nodes in this alternate require less additional facihities/

equipment because of (a) reductions in manpower permitted by services provided

• by the Canadian MOT and Alaskan Command and/or (b) reductions in the support

functions provided at the node. For example, POW-M , BAR-3, FOX-M , and CAM—M

each require six fewer people because their airstrips are maintained by either

the Alaska n Air Command or Canadian MOT. By replaci ng Dye Main with a mini-node

at Goose Bay (maintenance only) and a data node* at Ft. Chimo, use can be made

of the economies of those villages for some life—support activities (such as

housing and meals). Additional facilities/equipments/modifications for alternate

(1) are summarized below. These costs were developed from a node-by-node

examination of functions and personnel required.

* The requirement of 125 feet above sea level was considered fixed .

3-42

_  _ _ _ _  -• • _ • • •~~~~~~~ - -~~~~~~~- - ••



-

\
\
\
\

-c ’~J

~ -. Cs) SVfl3Q ISOO NOI.L3flOO~Id

3-43

I



r~ 
—-----—- - - - - - - - - -—— - 

~~~~~~

- - -- --

~~~
—

~~~~~~
- -

~~~~~~~~~~~~~~~~~~~~~~~
• -

~~~~~

- - -

~~~~~~~~~~
-- 

•

NODE ADDITIONAL FACILITIES/EQUIPMENT

POW-M $l.35M

BAR-M 1.45

BAR-3 1 .45

CAM-M 1.40

FOX-M 1.40

CHIMO/GOOSE 1.60

$8. 65M

This total is to be compared to the $9.OM required in total additional

faciliites equipment in the baseline network (Table 3.2-6). The cost differential

is -$.35M. Table 3.2—8 summarizes the results of similar analyses performed on

the remaining five network nodal alternatives:

TABLE 3.2-8

NETWORK ACQUISITION COST VERSUS NODAL ALTERNATIVES

NODAL ALTERNATIVES COST DIFFERENTIAL
BASELINE SYSTEM FROM BASELINE SYSTEM

ALTERNATE 1 - .3M

2 — l . 8M

3 -l. 6M

4 — 5.5M

5 - 2.6M

6 - 5.4M
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3.2.3 Operations and Maintenance Costs

3.2.3.1 Transportation Costs

Al though important in their own rignt , transportation costs are also important

because of the many aspects of operational feasibility which must be addressed in

order to determine and minimize the cost, espec ially in the areas of network

reliability , availability , and maintainability .

3.2.3.1.1 Transportation Cost Model

It should be established at this time that transportation cost, as used in

this report, and as defined tn the Air Force LCC model , is the cost of only that

transportation Involved in maintenance and lateral resupply trips along the line.

Naturally, other transportation Is utilized in construction and installation ,

and in vertical resupply via sea lift, air lift, etc. These are factored into

the life cycle cost of the unattended radar DEW system through site preparation

and construction costs, and power generation (fuel) costs. The Air Force transpor-

tation cost model is:
NLN ADTN NSS x 12

(3.2-4) C4 
= 

N~1 
PUlP 

~A~S 
x CPFH x MTBMV(m~i) 

+ ENACN x CAC)

PUlP = 20 years costing period

NLN = Number of logistics nodes (4—6)

ADTN = Average distance traveled/maintenance visit from N
th node

AVS = Maintenance vehicle speed

NSSN = Number of unattended sites supported by N
th node

MTBMV = Mean time (months) between maintenance visits/site (including resupply)

ENACN = Estimated number of air crews at N
th node

CAC = Average annual cost of air crews stationed at Nth node

CPFH Cost per flying hour of maintenance vehicle
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Some additional terms should be added to this model , as follows . The flight-

hourly portion of this model applies directly to network nodal alternatives (1)

and (5) where no additional roving aircraft is used. For the remaining alternatives,

a similar term must be added to account for the cost of flying the roving aircraft.

Wi th this modification , the flight—hourly portion of the model applies to either

Air Force or contractor helicopters, and Is of the form:
NLN ADT NSS x 12

(3.2-5) C = z PUlP x (AVSR 
x CPFNH X ~~~~~~~~~

ADT NNS x 12
AVSR 

x R X MTBMV

where the subscript “H” refers to helicopter parameters, the subscript “R” refers

to roving aircraft parameters, and NNSR Is the number of nodes serviced by the

roving aircraft. This aircraft may either be fixed wing, such as the C6 Twin

Otter, or helicopter. In the latter case, operating costs are lower but refuel

stops would be necessary en route to the nodes.

The second portion of the Air Force transportation cost model , crew costs,

appl ies directly if Air Force helicopters and air crews are used, and indirectly

if contractor charter—type arrangements can be made. In such an arrangement,

one or more helicopter service organizations would supply (on a first-come first-

service basis) a helicopter and crew at the appropriate node(s). Presumably,

since the helicopter Is then not dedicated to the DEWLine, any overhead costs to

the service organization would be distributed among all users. Total charges

would then be reasonably well—approximated by the flight hourly costs pl us the

cost of keeping (civilian) crews available. Unfortunately, according to heli-

copter services contacted by GE, such charter-type arrangements are only available

(year—round) in three regions along the line : Point Barrow, Inuvik , and Goose Bay.

Furthermore, service at Goose Bay utilizes smaller hel icopters, such as the Bell

206, which have limited non-refuel ranges of about 250 nmi .
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A feasible alternative still utilizing contractor aircraft and crews is a

long term (1 to 5 year) contract to one or more hel icopter service organizations

for dedicated helicopters/crews at specified bases (nodes) along the line . This

rental-type arrangement is costly, however , because overhead charges are levied
which cover the depreciat ion of each hel icopter, insurance , management, profits,

crews , etc. Since only one user is involved , that user must bear all of the

depreciation. Over the 20 year life cycle of the network, depreciation charges

would probably amount to amortization of the helicopters. An appropriate model

for this type of arrangement (to be added to flight-hourly costs) is simply the

sum of the overhead rates for each dedicated aircraft on the line . Recognizing

that a portion of the overhead rate involves crew costs, this overhead charge can

be modelled as:
NAC

(3.2-6) C = E PIUP (ENAC x CAC + tAR)
N=l -

total overhead rate R per aircraft

PIUP = costing period

NAC = total number of aircraft used

ENAC = estimated number of crews per aircraft

CAC = cost of an ai rcrew

= additional overhead rate per aircraft

Note that this model reduces to the given Air Force model for one aircraft per

node and no overhead beyond crew costs (~R = 0).

The additional overhead costs and higher civilian crew costs make the use

of Air Force helicopters and crews more attractive. It is recognized, however ,

that the demand on Air Force aircraft Is great, and that many political and

strategical considerations are involved in any decision to commit military aircraft

to a given application. For this reason, transportation costs are presented for

both Air Force and contractor (dedicated) helicopters and crews.
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For the basel ine network and the alternate (1), each of the six helicopters

services an average of 83/6 = 14 unattended radar stations. For an intersite

distance of 40 nmi , the average round trip distance travel led by a helicopter on

a maintenance visit is 280 nmi . Al so on this basis , the maximum average trip

distance Is 560 nmi . With certain nodal configurations and particular nodes, of

course, there may be considerable departures from these averages. A good example

is in the baseline nodal configuration, where the entire southeast extension

(> 1000 nmi ) of the line is serviced by helicopter and crews at Dye Main. This

is one of the reasons the baseline network nodal configuration is not a preferred

configuration. Even so, for the purpose of generating costs, the use of average

visit distances should be representative, since if one node services a greater

distance, another must service less——the total distance being fixed by the length

of the proposed DEWL1ne.

3.2.3.1.2 Helicopter Al ternatives

A partial list of hel icopter candidates and pertinent parameters considered

in this study is presented in Table 3.2-9. These range in size from very large

(38.3 klb—HH53C to very small 5.1 klb, BO1O5C). Of these, none have suff icient

range to make a trip to 520 nmi without refuel, or auxiliary fuel tanks. Al so,

even with auxiliary tanks, none have sufficient range to service the entire south-

east extension of the line from Dye Main without refuel, so some refueling stations

are necessary in any event. These require manning for security reasons, though

at a very low level (1 to 2 people). Additional undesireable aspects of refueling

are bad weather take—off and landing delays. However , the actual refuel operation is

a very simple procedure, routinely practiced in the Arctic. A portable pump on

the helicopter is plugged into a sealed standard fuel drum. The many populated

communities and bases along or near the line could serve as Ideal refuel stations

and alternate landing sites (Section 3.1 , FIgure 3.1-4). Alon g the southeast
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TABLE 3.2-9

HELICOPTER ALTERNATIVES

GROSS MAXIMUM COST/
WEIGHT PAYLOAD AIRSPEED UNREFUELED FLIGH
(klbs.) (kibs.) (Knots ) RANGE(nmi ) CREW (hou~j

Sikorsky HH53C 38.3 14.72 170/ 1622 230/6802 3 608
(S65) 11

Bell UH1N 10.5 4.5 101 217 2 224
(212)

Sikorsky CH3E/B 22/20.5 9.6 138/1332 430/6162 3 4g~(S6l ) 10.8

Boeing 5.1 2.4 145 306/5202 1 139
1 05C

Sikorsky 9.7 4.8 156 6002 2 280
(S76)

(UNK) 2.0 120 320 2 223

(UNK) 3.0 110 216 2 239

1 Fuel , maintenance , parts

2 With auxiliary tanks
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extension candidate refuel stations are fewer (Frobisher Bay , Pangnirtung, Ft.

Chimo, and Goose Bay), but still adequate for the longer range helicopters.
• Smaller hel icopters would require additional refuel stations between all nodes

and would be less flexible in payload.

The prime helicopter candidates, as a result, are those with the longest

unrefueled range—-the CH3 (S61), the HH-53 (S65), and the S76. The first two

of these are established aircraft (in the Air Force inventory) with known Arctic

• capabilities . The third is an extremely attractive commercial aircraft from a

projected performance standpoint, but is not as yet in production nor time-tested.

The S65 and S76 offer auxiliary tank options allowing the range to be extended

to 600 nmi or more (with reserve). The S61 can easily be modified to carry

similar tanks and achieve about 500 nmi range with 30 minute reserve. All three

aircraft utilize dual engines and have sophisticated and extensive on—board

navigational equipment, making them ideal candidates for safety and reliability

in negotiating the DEWLine.

The HH-53C has payload capabiliti es far in excess of that required to maintain

the line . A worst case cargo anticipated for this purpo~e would consist of a

cabinet of radar equipment (800 lbs.), a 4 KW diesel generator (about 350 lbs.),

two maintenance personnel (400 lbs.), and emergency supplies (200 lbs.) for a

total of 1750 lbs . Accounting for the fuel and crew, this worst case cargo is

also compatibl e with the capabilities of the S6l and S76. The first production

S76 aircraft are due In July 1978, of which the first 10 will be delivered to

Okanagan Helicopters, Ltd. A further excellent discussion of the navigational

aids associated with some of these and other helicopters may be found
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in a 10 November 1977 paper by Lt. G. A. Fisher, of the AF ESD, entitled “A
Preliminary Descri ption of Unattended Radar Station Navigational Aids ” .

Based on correspondence and telephone conversations with various aircraft

manufacturers (such as Sikorsky and Boeing) and with helicopter service organiza-

tions (such as Okanagan, Greenland Air , Carson, Shirl ey, BOW Assoc iates) , most of
whom have Arctic operations and experience, ‘~e consensus opinion is that Arctic

travel and service of unattended stations by helicopter is definitely feasible,

and offers no particular implementation difficulties . Take-off and landing

requirements are minimal . Pads of 40 feet or more in diameter are required , and
these do not have to be kept absolutely clear of snow. Elevated pads will tend

to blow clear of snow, and landing gusts will also help. A clearance of 200 feet

from towers in some direction must be provided . A visibility of about 1/2 mile

is required at either the destination or an alternate for take-off.

3.2.3.1.3 Civilian Versus Air Force Ai rcraft and Crews

The number of air crews required per node is dictated by our desired military

posture on the DEWLine. If immediate response to network failures (coverage holes)

is an overriding consideration , up to three air crews might be kept at each node,

on 8 hour sh ifts , 24 hours per day, on 1 to 2 hour alert readiness. Otherwise,

deferred maintenance policies* based on a single air crew or less per node are

candidates. This latter policy is much to be preferred on a cost basis. It would

also appear to be adequate from a military standpoint considering that failures

and maintenance responses are not predictable by potentially hostile forces. The

size of an air crew depends on the aircraft selected, ranging from one (pilot) to

three (pilot, co-pilot, mechanic). Contractor costs for helicopter crews are

significan tly higher than for Air Force personnel . Table 3.2-10 summarizes air

* responding on a weather permItting, 8-hour working day basis
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crew costs using annual Air Force salaries of $24K for a pilot , $l8K for a co-

pilot , and $l2K for a flight mechanic , vis a vis contractor salaries of $72K

for a pilot, $54K for a co-pilot and $46K for a flight mechanic.

TABLE 3.2—10

AIR CREW COSTS PER NODE
ENAC

Crew Size 1 2 3

1 $24K (72K) $48K (144K) $72K (216K)

2 42K (126K) 84K (252K) 126K (378K)

3 54K (172K) 108K (344K) 162K (516K)

Using an Air Force S6l hel icopter and one Air Force 3—man crew per node in

the baseline 6-node network, the 20 year transportation costs are estimated as:

• PIUP = 20 years

NLN=6

• ADTH 
= 280 nmi

AVSH = 133 knots

CPFH = $491

NSSH

H
= 14 C4 

= 
$20.84M + $6.48M (3.2-7)

ADTR O

NAC=6

ENAC= 1

CAC = $54K 
-

1
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The use of three crews per node, for an immediate response military posture, for

examp le, would escalate annual costs severely. For the S6l :

$20 .84M(3.2-8) C4— MTBMV + 19.414

These figures re-emphasize the importance of keeping personnel support at minimum

level s, and also illustrate the sensitivity of transportation costs to crew salaries

and manning levels.

The same transportation costs for the S65 helicopter are:

(3.2-9) C4= + 6.48M One, three-man Air Force crew

(3.2-10) C4 ~
j
~

M + 19.414 Three, three-man Air Force crews

There is so li ttle difference in the costs for this aircraft and the S6l that only

the S61 and 576 candidates are costed further.

A budgetary estimate of costs for the baseline 6 node network is now discussed,

based on information provided by Okanagan Helicopters Ltd. This estimate assumes

a long term (one to five years) leasing contract for service by six dedicated S76

helicopters, one at each node. Flight hourly charges of $280/hour include fuel,

maintenance, and spare parts. The overhead rates quoted by Okanagan ranged from

$45K to $60K per month (including one, three-man crew) per hel icopter, depending

on mission details and on the extent of secondary users taking advantage of the

DEWLIne hel icopters.

Subtracting out $172K in contractor crew costs, the additional overhead

charges are estimated to range from AR = $368K/year to $548K/year per helicopter.

Parameters and costs are summarized as follows:
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PIUP = 20 years

NLN = 6

ADTH = 280 nmi

AVSH = 160 knots

CPFH = $280H 
) c4 = $9.88M + $86.4M (3.2-11)

NSS = 14 /
H

ADTR = 0

NAC = 6

ENAC=l

CAC = $172K

AR = $548K

The fact that this cost is so much higher than Air Force costs is a result primarily

of the higher contractor overhead costs.*

Transportation costs do not vary appreciably from the baseline to the first

al ternate nodal configuration. Both the baseline and alternate (1) involve six

helicopter bases, with one helicopter and one crew per base. However, the remaining

alternatives represent departures from the first two with respect to transportation

costs. In alternate configuration (2), the entire line is serviced by two roving

maintenance teams/helicopter crews at CAM-M. The team is transported by a fixed

wing aircraft or helicopter~~ to the helicopter base nearest the failed segment.

* It Is recognized that direct comparison here between costs associated with
Air Force vis a vis contractor helicopters is not extremely meaningful . The
use of Air Force helicopters entails “hidden ” overhead costs attributable to
helicopter acquisition , planning , management, etc. They are hidden In the
sense that most of these overhead costs would not appear as direct annual
costs to the AF DEW system office.

-
~
-

~ Refuel stops would be necessary but operating costs are t ower.
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Using the dedicated helicopter at this base , the desi red site v isits are then

completed. Al ternates (3) and (4) are more practical implementations of the

same concept acknowledging the political sovereignty problems associated with

the Alaskan-Canadian boundary. Each features two roving teams at CAM—M and one

at POW—M. The difference between the two alternatives (3) and (4) involves

equipment required at logistics nodes and not transportation costs.

Assuming fixed wind aircraft costs per flight hour to be proportional to

aircraft size, as measured by cargo capacity, the cost per flight hour for a

Twin Otter (C6) aircraft (with 4000 lbs . or about 9 pallets capacity) is about

$1200 per flight hour. The parameters and costs involved in the Air Force trans-

portation costs for alternate (2) are:

PIUP = 20 years

N L N = 6

ADTH = 260 nmi

CPFHH = $491

NSSH =l 4

ENACH = 2 (at CAM-M)

CACH = $42K
‘ C $38.34M~ 3 2 1 2AVSH = 133 knots (S6l ) 4 MTBMV -

NAC = 7 (6 helo ’s + Twin Otter)
• ADTR = 522 nmi

AVSR = 165 knots (Twin Otter)

CPFHR = $1200 (Twin Otter)

NNSR = 6

ENAC = 1

CAC = $24K* I

* An average of $24K is used for two, three-man crews at $54K each and six
helicopter flight mechanics (at each node) at $l2K each.
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As might be expected for this option , flying costs are greater while air crew

personnel costs are lower.

If an S61 helicopter roving aircraft is used instead of the Twin Otter ,

the only changes to the previous calculation are :

AVSR = 133 knots CPFHR = $491.

The total transportation cost for alternative (2) becomes:

— $29.77M + $3.36M.(3.2-13) C4 — MTBMV
If this same cost is computed using commercial (S76) helicopters and civilian

crews , with

AVSH = 156 knots = AVS R CPFHH = $280 = CPFHR

CAC = 2(172K)
7
+ 5 (46K) = $82K; AR = $584K/year overhead rate

the result is:

(3.2—14) C = 
$l4.llM + $88.2M
MTBMV

of which $76.72M are overhead charges associated with the seven helicopters beyond

crew costs.

Similar calculations on network nodal alternatives (3) and (4) result in

parameters and total costs for six AF S6l helicopters plus Twin Otter and crews

as follows, with all parameters the same as for alternative (1) except:

AOl 1570 nmi

NNS: 5 C4 
= 
$34.52M + $4.2M (3.2-15)

CAC ~ $30K/year = 
3(54K) + 4 (l2i~)J

Using a helicopter as the roving aircraft results in:

(3.2-16) C4 
= 

$27.79M + $90.72M
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Al ternate (5) Is just a reduced number of nodes version of alternate (1).

Using four S61 AF helicopters and crews, the transportation parameters and costs

are:

• PIUP = 20 years

NLN = 4

ADTH = 415 nmi

AVSH = 133 knots

CPFH = $491 
~ c — $30.89M + 3 2 17/ 4~~ MTBMV .3

NSSH = 21

ADTR 0

CPFHR = 0

NAC = 4

CAC = $54K/year

CAC = l

Using four S76 commercial helicopters and civilian crews, the costs are :

(3.2-18) C4 
= _______ + $57.6M

Alternate (6) is the roving maintenance team version of a four node network

(alternate (5)). Parameters and costs for four S6l AF helicopters pl us a Twin

Otter and crews are:

PUlP = 20 years

NLN=4 NNSR = 3

ADT 4l5 nmiH N A C = 5
AVSH = 133 knots

CPFH = $491 c = _______ + $2.88M (3.2-19)H CAC = $28.8K* 4
NSS = 2l

ADTR = 1106 nmI

CPFHR = $1200

* (2(54K) + 3(l2Kfl/5
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Using five commercial S76 aircraft and crews , costs are :

(3.2-20) C4 
= 

$l6.03M + $64.4M

Figure 3.2-5 illustrates the behavior of the twenty year costs of trans-

portation using AF S61/S65 hel icopters versus the various nodal configuration

alternatives . Figure 3.2—6 depicts the same for commercial 576 helIcopters .

3.2.3.1.4 Maintenance Philosophies

It is clear from the form of the transportation costs for all network nodal

configurations, maintenance concepts , and helicopters that it is desirable to

maximize the mean-time-between—maintenance-visits (MTBMV). How the maximum can

be achieved is not so obvious . Maintenance philosophies spanning the range of

unscheduled reactive only to scheduled periodic only (incl uding combinations)

are studied for feasibility and cost impact . These studies lead to an optimum

maintenance philosophy in which the mean—time—between—maIntenance—visits are

minimized, thereby minimizing transportation costs ~‘Ile not sacrificing network

availability. The resulting maximum value of MTBMV Is then used to finish the

eval uation of transportation costs and subsequently in demonstrating realistic

maintenance loading level s on site personnel . The intervening trades and results

go a long way toward establishing the overall technical and economical feasibility

of operating the DEWLine network of 83 unattended radars .

CANDIDATE MAINTENANCE PHILOSOPHIES

• Unscheduled Reactive Only

-—Site visits only upon adjacent missing/unacceptably degraded radar data

condition

—— PM accomplished then and at resupply (annual , bi-annual )
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o Periodic Scheduled PM Only

• -—Failures wait

--1 , 3, 6, 12 month intervals examined

--Annual or bi-annual resupply (additional PM)

o Reactive Plus Periodic (Mixed Philosophy)

Consider a mixed philosophy in which periodic preventative maintenace (PM)

visits are made at time intervals , T, in addition to responding to network

fai lures .

MIXED MAINTENANCE PHILOSOPHY: A round trip is made to the site from a manned

node when adjacent radar data is missing/degraded and for regular periodic

preventative maintenance (PM) at intervals, 1.

The total rate of vis itation at each site is l/T + 1/MTBF, so the mean—time-

between-visits is:
1

(3.2—21) MTBMV = 1 + _____

MTBF

The MTBF is the mean—time-between-failures of the network (13-14 radar segment)

and is related to the network reliability and PM interval by:

T

o~ 
RNET(t) dt(3.2-22) MTBF = Q T(t) = 1 — R

NET

The network failure criterion can al so be considered a parameter. In this

study, the cri terion examined has been the loss or unacceptabl e degradation of

radar data from n adjacent radar stations within a segment between two nodes

(helicopter stations). It is clear from the way the factor MTBMV appears in the

transportation cost equation that a segment between two typical nodes should be
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used as a basis for defining network faIlures . The subsequent network

reliability/availability/maintainability analysis is therefore oriented towards

obtaining the reliability, or mean—time-between-failures , and ava ilability, of

the network segment between two nodes . Values of n = 1 , 2, and 3 have been

eva luated. Because of the extensive overlap in radar coverage corresponding to

60 nmi radar range with 40 nmi average intersite spacing, the failure of a single

radar produces no coverage holes , while loss of adjacent radar data can produce

a small potential penetration corridor. The value n = 2 is therefore considered

to be the prime candidate criterion, at least for the purposes of cost evaluation.

In the system finally deployed, if est imates or maps of coverage can be generated

in real or near-real time, an even more intelligent definition of network failure

can be impl emented.

3.2.3.1.5 Network Reliability

Network reliability is defined as the probabili~ty of no network fai lures in

the time interval zero to t.

(3.2-23) ~~~(t) = ~r 
(zero network fails in (O,t))

It is related in none too simple a fashion to station reliability . In fact, the

exact relation depends on the maintenance concept , the communication approach, and

the failure criterion (n). An underlying assumption in the following RIM/A

ana lysis is that when a network failure or PM occurs , the entire line segment

between affected nodes is restored to its initial state or quality of operation.

Because of the fail soft/graceful degradation of the station equipment, str ictly

speaking, this means that each site having fafl~d components of any kind in the
segment must be visited upon network failure or PM interval at which time such
failed components/ devices are replaced.
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Al ternatives to this procedure which might be practical , but which have not

been analyzed in detail in this study incl ude visitation and repair of only the

pair of stations in a segment which produced the network failure , and v is i ta t ion

and repair of only those stations in the segment which are failed at the time of

a network failure . The problem with these alternatives is that another network

failure remains imminent, even after a network “repair ” has been affected-—because

of the unrepaired but degraded stations .

Data from a station is transmitted laterally from station-to—station until

it reaches its parent data node (roughly speaking--its nearest logistics node).

From the logistics node it is transmi tted rearward (to two ROCC ’s and ? NORAD

center) via two satellites . Data from one logistics node is available at all

others through the satel lites. If a link in the communications path from a

station to its (say eastward ) node fails , a secondary LOS route to the westward

node can then be used. A general description and requirements for such a system,

written by F. McDonald of the MITRE Corporation for the AF ESD, was provided

at the post-award briefing. A prelimina ry microwave LOS implementation has been

designed to these requirements and is discussed further in an appropriate section.

Figure 3.2-6 is a conceptua l block diagram of a LOS microwave network which

may also be interpreted as a network reliability block diagram, taking into account

the sequential nature of the LOS communications transmissions and the redundant

radar signal paths to a logistics node. Also modeled, but not shown, are the

different network failure mechanisms caused by radar, communications and prime

power failures . One mechanism for network failure is obviously the failure of

adjacent radars . Another mechanism is the failure of ~~~ two comunications/

prime power systems within a network segment (between the nodes) which spans the

adjacent radar. In terms of the reliabilit ies cf in-line station components,

the network reliability Is derived using the following approach .
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(3.2 24) RNE.l. = 1 - 

~r 
(> n adjacent radar data lost/degraded ) *

= 1 - 

~r 
(> n adj acent radar fails or span of communications/prime

power fai lu res  > n)

= 1 — 1’r (A~ or B~) = 1 — Pr(A n) — Pr(Bn) + Pr(An) Pr(Bn)

where

A = event: > n adjacent radar fails

= event: > n span of communications/prime power falls.

These probabilities are summarized in Table 3.2—1 1 , based on an analysis

included in Appendix 7.1.

TABLE 3.2-li

LOS NETWORK RELIABILITY PROBABILITIES

n P(B~) P(A~)

1 1 ~~(PC)
N l _ R N

2 N-2
2 1 + (N—l) (PC)N - N (PC)14~

1 1 - (1 - Q2) ~ -
1 -Q

where P(t) is the station prime power system reliability, C(t) is the station

communication system reliability, R(t) is the radar reliability, N is the number

of radars in a segment between two nodes , and Q(t) = 1 - R(t). The event: n = 1

corresponds to a network failure criterion where loss/degradation of a single

radar ’s data is a network failure. Using Table 3.2-11 above, the resulting

“.twork reliability Is:

• 1 - (1 - (PC)
N)_ (1 - RN) + (1 — (PC)N) (1 - RN) = (RPC)N

— •.-~~~ s~ .11 reliabilitIes is understood and is dropped for simplicity
,. . ~~~e ,

~ ~onfus1On can arise.

- _



This result Implies that the N stations are essentially serial with this

criterion. For example , if the number of stations serviced per node is N = 14,

even if the prime power and communications reliability are unity , a radar

reliability of .9 (at the end of three months for example), will result in a

network reliability of only •~
l4 or .228 . Fortunately, a criterion of two

adjacent failures is also acceptable from a coverage point of view , and proves

more reasonable from a reliability/maintainability point of view .

On the other hand, with n = 2 (adjacent radar data loss/degraded cri terion),

and ideal prime power and .coninunicatious equipment (PC = 1), the network rel iability

is:
~~~~ N-2

(3.2-26) RNET 
= 1 —(1 —( 1 - Q ) (1 - l_Q2

) )

= (1 - Q2) (1 - ~~ 
N 2

1 -Q
For a radar reliability of .9 and N = 14 , the network reliability would be:

RNET 
= (.99) (.896) .887

These simple calculations make clear the benefi ts of the overl apping coverage on

network reliability. More realistic assessments of network reliability will fol low

based on the reliabilities of in— line station components (radar , prime power , and

communications). First , however, consider the relation between these components

and the network reliability for an all—satellite system.

FIgure 3.2— 8 is a conceptual block diagram of an all-satellite system. Two

satellites would be recomended, one for back-up In the unlikely event the first

fails. An alternative concept , minimizing the impact of a satellite outage is

the Interleaved station satellite approach , where every other station uses a

different one of the two satellites . Thus , only half the line goes down in the
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event of a satellite outage. However, these al ternates do not affect the

following network reliability calculations , as the reliability of the satellite

itself is so much greater than those of the network.

The only mode of network failure In the al l -satellite system is loss/

degradation of n or more adjacent stations.

In terms of the satellite station reliability , 5, the network (segment)

reliability is therefore given by:

(3.2—27) R ET — 1  — (1 — Q2 ) (1 -

F N l-Q
whereQ l - S

3.2.3.1.5.1 Station Reliability

The station reliability model consists of the serial cascade of radar,

communications, and prime power components, as illustrated in Figure 3.2-9,

so that the station reliability is:

(3.2-28) s(t) = station reliability = R(t) P(t) C(t)

In addition to Involving different communications equipment than the LOS

system, the in-line communications equipment in the satellite system involves only

the transmit channel . Thus, although control and interrogation of the unattended

station is lost if the communication channel receive function fails , radar data

is still received at the nodes via the transmit channel . The network reliability

Is, therefore, unaffected by the receive communications channel . The reliability

of each in-line station component is now investigated.

3.2.3.1.5.1.1 Radar Reliability

The following radar reliability assessment is based on the technology and

configuration presented by GE in its U/MAR study. Figure 3.2-10 Is a reliability

block diagram for the radar. Failure rates are based on high reliability JANTXV

quality solid—state technology and class A IC’s for signal and data processing.

Table 3.2-12 summarizes the radar reliability versus time, for various preventative

maintenance (PM) intervals. H
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TABLE 3.2-12

RADAR RELIABILITY VERSUS PM INTERVAL

RELIABILITY
• TIME PM INTERVAL (Mo)

LMo) 12 6 4 3 2 1

0 1 .0000 1 .0000 1 .0000 1 .0000 1 .0000 1 .0000

1 .9744 .9744 .9744 .9744 .9744 .9744

2 .9449 .9449 .9449 .9449 .9449 .9445

3 .9121 .9121 .9121 .9121 .9207 .9251

4 .8764 .8764 .8764 .8887 .8928 .9015

6 .7978 .7978 .8281 .8319 .8436 .8559

10 .6164 .6992 .7258 .7394 .7532 .7715

12 .5131 .6365 .6731 .6421 .7117 .7326

The radar reliability R(t) associated with periodic maintenance at Intervals T,

is related to the maintenance free radar reliability R0(t) by:

(3.2—29) R(t) = 
~r 

(zero failures in O,t)

R(t) = R0 (T) R0(t - kT) (K)T < t < (K + l)T

K = 0, 1 , 2 

• This expression assumes that the radar is restored to its initial state of

quality at each PM (I.e., all failed redundant components replaced).

Since the mean—time—between—failures of a system is related to Its reliability

by:

(3.2-30) M1~BF = 
~ 

R(t) dt

L 
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It follows that the radar MTBF depends on the PM interval as:

LR(t) dt
(3.2—31) MTBF = U 0

l - R 0(T)

Table 3.2-i3 sumarizes the radar mean—time—between—failures versus PM

interval .

TABLE 3.2—13

RADAR MEAN-TIME-BETWEEN—FAILURES VERSUS PM INTERVAL

PM INTERVAL MTBF
Mo. Hours Months

1 25,070 34.82

2 23,792 33.04

3 22 ,588 31.37

4 
• 

21,449 21.79

6 19,344 26.87

12 14,074 19.55

The mean-time-between-failures indicated in Table 3.2-13 apply to the GE

unattended radar design as presented In the GE U/MAR study. This radar was

designed and costed for three months maintenance-free operation, with a

• probability of mission success of 90%. Detailed designs for six and 12

month maintenance—free designs have not been carried out. Furthermore, a
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groundrule of this study was that no detailed “black box” designs/redesigns

were desired. Even so, It is possible to generate rough estimates of the costs

involved. The question of primary interest is whether it is better to have a

low acquisition cost three month radar with more maintenance , or a higher

acquisition cost six or twelve month radar with less maintenance .

The radar recommended by GE utilized very high quality , highly rel iable

components. Further increases in radar reliability would , no doubt, be achieved

primarily through increased redundancy. The details of the most cost-effective

radar components on which to focus for this purpose are beyond the scope of this

study. However, a conservative approach , conceptual in nature, would be to make

the entire radar operationally redundant. The reliability of n operationally

redundant equipments with individual relir lity R(t) is:

(3.2-32) R~(t) = 1 - (I - R(t))n

To achieve a reliability of .9 at six and twelve months respectively with the

individual radar reliability R(t) as In the GE design , requi res operational

redundancy levels of n = 1.5 and n = 3.2 respectively. Since there are no weak

areas in the GE design (where adding redundant relatively low cost components

produces a large impact on overall radar reliability), It is reasonable to expect

that acquisition costs would rise in rough proportion to these factors. The

acquisitions costs* for 83, three month unattended radar~ (Including unitized

module/radome) is $65.8M. Acquisition cost Increases associated with the above

redundancy level s are about $33M and $145M respectively for six and twelve month

maintenance free operation. It is not clear how these amounts could be recouped

through decreased maintenance over the system life . This is one of the reasons

a three month maintenance free radar is recommended for the DEWLine application .

* Production and development.
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3.2.3.1.5.1.2 Prime Power Reliability

Prime power reliabilltie, are based on results in the GE/NASS study of 1976 .

Prime power generat ion approaches are re-examined for potential trades in this

study , and the result has been to reaffi rm the diesel system selection , but not

in the exact form as presented therein. The diesel system recommended in the GE/NASS

report consisted of two 2 KW generators and a 12 KW generator.

Based on a more austere support concept for the maintenance personnel when

they are on site, the system recommended in this report consists of three 4 KW

generators. this replacement of the 12 KW generator with a 4 KW generator has no

effect on the following reliability analysis , however , because the 12 KW, 4 (14,

and 2 KW generators all have identical parts, and their failure rates are essentially

the same. The prime power system reliability block diagram is presented in Figure

3.2- 11 , for an arbitrary number of redundant diesel engines .

Table 3.2-14 is a three month reliability assessment of a four engine diesel

system, as presented in the GE/NASS study section 4. The reliability of an N engine

system is given by:

(3.2-32) P(t) = e 3 °83 X l0~~t- 2.96 x l0 t 
~K~O 

(2.96 x 1O ) /K )

where N-l engines are in a standby back-up role, and t is in hours.

TABLE 3.2—14
RELIABILITY ASSESSMENT DIESEL POWER SYSTEM

C MPONENT NO. NEEDED/ FAILURES PER RELIABILITY0 NO. AVAILABLE MILLION HOURS NON-REDUNDANT REDUNDANT

Diesel Engine 1/1 1.0 .99781
Generator 1/1 .4 .99912
Fuel Pump 1/1) 1.12 .99755
Starter (1/1 ) .2 .99956
Controls (1/1 ) .24 .99947

(1/4) 2.96 .99354 .99999
Fuel Tank (1/1) .083 .99982 .99982
Controls (1/1) 3.0 .99345 .99345

System .99326
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Table 3.2-15 summarizes prime power diesel system reliability versus time

and redundancy. For two or more engines, there Is little difference in the system

reliability since the system reliability is then dominated by the reliability

of Its controls.

3.2.3.1.5.1.3 LIne—of—Sight (LOS) Microwave Communications Reliability

For the purposes of reliability assessment, a repeater and radar station

communications are serial . A more detailed discussion of the sizing , design , and

performance of the LOS microwave communications system is found in Section 3.5

A simplif ied reliability block diagram for this system is shown in Figure 3.2-12.

In terms of reliability, the repeater has the same in-line components, except

for the channel equipment.

The LOS communications equipment which is discussed In Section 3.5 of this

report is represented by a single path of the reliability block diagram in Figure

3.2-12. A complete set of (standby) redundant equipment for the radar station and

repeater is shown in this figure. This is primarily a conceptual technique to

raise LOS network reliability, as opposed to a practical recommended approach.

Al though complete redundancy is not necessary in the baseline network configurations,

some increase in reliability would be necessary for maintenance loading compatibility

with some of the reduced manning level alternatives which are considered. Al lowing

for complete redundancy raises network reliability for the LOS microwave system to

a point where It is competitive with an all-satellite system and compatible with the

reduced manning network alternatives. This permits a coarse, equal performance

comparison of costs to be made between the LOS microwave and satellite approaches.

Table 3.2-16 summarizes LOW microwave communication reliability versus time

and redundancy.
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TABLE 3.2—15

DIESEL SYSTEM RELIABILITY VERSUS REDUNDANCY

ENGINE REDUNDANCY

TIME (Mos) -1-
1.000 1.000 1.000 1.000

1 .9955 .9977 .9977 .9977
2 .9912 .9954 .9955 .9955
3 .9868 .9932 .9932 .9932
4 .9825 .9910 .9910 .9910
5 .9781 .9887 .9888 .9888
6 .9738 .9865 .9865 .9865
7 .9695 .9842 .9843 .9843
8 .9653 .9820 .9821 .9821
9 .9610 .9797 .9799 .9799

10 .9568 .9775 .9777 .9777
11 .9526 .9752 .9755 .9755
12 .9484 .9730 .9733 .9733
13 .9442 .9707 .9711 .9711
14 .9401 .9685 .9689 .9689
15 .9359 .9663 .9667 .9668
16 .9318 .9640 .9646 .9646
17 .9277 .9618 .9624 .9624
18 .9236 .9595 .9602 .9602
19 .9196 .9573 .9581 .9581
20 .9155 .9551 .9559 .9559
21 .9115 .9528 .9538 .9538
22 .9075 .9506 .9516 .9516
23 .9035 .9484 .9495 .9495
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TABLE 3.2-16

LOS MICROWAVE COMMUNICATIONS STATION RELIABILITY VERSUS TIME

AND REDUNDANCY

REL lAB I LIlY
TIME (Mos) 1 2

1.0000 1.0000
1 .9655 .9994
2 .9323 .9976
3 .9002 .9948
4 .8692 .9910
5 .8392 .9863
6 .8103 .9807
7 .7824 .9744
8 .7555 .9673
9 .7295 .9595
10 .7044 .9512
11 .6801 .9423
12 .6567 .9328
13 .6341 .9229
14 .6122 .9126
15 .5912 .9019
16 .5708 .8908
17 .5511 .8795
18 .5322 .8678
19 .5138 .8560
20 .4961 .8439
21 .4791 .8316
22 .4626 .8192
23 .4466 .8066
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3.2.3.1.5.1.4 Satellite Station Coninunication Reliability

in an all—satellite comunications network , only the transmit equipment is

in-line with radar data. An all-satellite comunications network is discussed

more fully in Section 3.5. A simplified block diagram of the transmit portion of

the satell ite ground station is offered in Figure 3.2-13.

Table 3.2— 17 shows the satellite ground station reliability versus time.

If the major station in-line components are considered to be cascaded, as

implied by the station reliability block diagram in Figure 3.2—9 , station

reliability is as sumarized In Tabl e 3.2— 18. All station related reliabilities

are plotted in suninary in Figure 3.2—14 , including reliabilities for the satellite

ground station, the LOS microwave station and repeater, and a completely redundant

LOS microwave station and repeater.

TABLE 3.2—17

STATION RELIABILITY

T RADAR PRIME POWER* SAT COMM LOS COMM~~
0 1.0000 1.0000 1 .0000 1 .0000
1 .9744 .9977 .9860 .9655
2 .9449 .9955 .9718 .9323
3 .9121 .9933 .9575 .9002
4 .8764 .9910 .9430 .8692
6 .7978 .9888 .9136 .8104

8 .7030 .9822 .8840 .7555

10 .6164 .9778 .8543 .7044

12 .5181 .9773 .8246 .6567

* Two or more generators
~ No standby redundancy equipments
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TABLE 3.2— 18

SATELLITE GROUND STATION RELIABILITY

TIME (Mos)

0 1.0000
1 .9860
2 .9718
3 .9574
4 .9429
5 .9283
6 .9136
7 .8988
8 .8840
9 .8691

10 .8542
11 .8394
12 .8245
13 .8097
14 .7950
15 .7803
16 .7657
17 .7512
18 .7368
19 .7225
20 .7084
21 .6943
22 .6804
23 .6667
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Using the foregoing station in-line component reliabilities , network

reliabilities have been calculated and plotted in 3.2-15 for both LOS (equation 3.2-24)

and satellite (equation 3.2-27)comunications approaches. To allow various

network nodal alternatives to be evaluated, the number of nodes (hence stations

serviced per node) Is parameterized, corresponding roughly to 3, 4, and 6 node

network configurations .

The network maintenance—free reliabilities determine network reliabilities

versus PM interval . These results are tabulated in Table 3.2—18 and Table 3.2—19

for the LOS microwave comunications alternatives.

3.2.3.1.6 Network MTBF and MTBMV

A numerical integration was used to extract network MTBF’s versus PM interval

from these network reliabilities (equation 3.2-2Z, and the results are plotted (for

the three comunications approaches) in Figure 3.2—16. Al so shown in these plots

on the right hand ordinate is the associated network MTBMV versus PM interval

(equation 3.2-21). These last results are crucial to network operational and

economical feasibility, as the network MTBMV affects transportation cost,

maintenance loading, and spares. Examination of these figures show that MTBMV

increases with PM interval in all cases considered; asymptotically approaching the

same limi t as the network MTBF for larger PM intervals. This implies that the best

mixed maintenance philosophy to maximize network MTBMV is to wait as long as

possible to PM. This policy is limited by lateral site resupply requirements. for

which the longest interval considered practical is a year, due to on-site fuel

storage capabilities . While contemplating maintenance philosophies , it is

tempting to’brute force’ maximize MTBMV by arbitrarily instituting a purely periodic

PM policy , and refusing to respond to network failures per Se, rather insisting

that they wait for the next scheduled PM visit. Such a policy results in poorer
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network operational availability . Network segment availability relations for

the two types of maintenance policy are as follows :

(3.2-34) A = Fractional time network operational/year

= 1 - MTF MTF = Network Down Time/Year

• Maintenance Philosophy 1 (Mixed)
MTTR = Mean time to repair

(3.2-35) MTF (MTTR + FOT + wo)/MTBF ~~ FOT=F 1y out time to site

• Maintenance Philosophy 2 (PM Only)

- Down Time dominated by waiting time to PM

(3.2—36) MFF — MTBF T = PM Interval
l-R(T)

Consider the mixed maintenance philosophy . Assuming that the sites causing the

network failure are visited first, the network is operational after one site visit.

The mean-time-to-repair a site iS conservatively, three hours according to the

GE U/MAR and NASS studies. The average fly-out time to a site depends on the

average distance traveled and the aircraft speed. For a 6 node system and a 100

knot aircraft, it is approximately 14 x 40/4 nmi 
= 1.4 hours. Al lowing for

100 knots
a (conservative) 24 hour weather delay per trip, the mean-down-time of the network

(segment) per failure is about 28.4 hours. The network (segment) MTBF is about

3.4 months for a 6 node network with LOS comunications (Figure 3.2—16). Hence,

about 12/3.4 3.53 failures per year for the network segment are expected. Thus , the 
-

-

total average down-time of a network segment is about 3.53 x 28.4 100 hours per

year , which corresponds to a segment availability of nearly 99%. On the other

hand, for a purely periodic PM policy , the mean down time per year is dominated by
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the waiting time until the next PM. For a 6 node network, which utilizes a LOS

conrunications approach , if a PM Interval of • say, three months is arbitrarily

specified , then the average network (segment) down time per failure is:

MTF = 1 
— MTBF (3) 1 ~ 

- 4.77 = 1.23 months (see Figure 3.2—15
and 3.2—16 )

Since failures occur at a yearly rate of 12/MTBF(3) = 12/4.77 = 2.5 per year, the

average down time per year is 1.23 x 2.5 =3.1 months for an availability of

approximately 74%. Network segment availabilities for other combinations of

numbers of nodes, coninuncations approaches, and maintenance philosophies are

suninarized for the satellite system in Table 3.2-20. This table makes the superiority

of a mixed policy over a purely periodic PM policy evident.

TABLE 3.2-20

NETWORK SEGMENT AVAILABILITY COMPARISON
Network Segment Availability %

~~~~~~~~~~~Number Sites 
M

1
n ance Periodic PM Only

Interval ~~~~~~~~~~~~ N = 1 4  N = 2 l  N = 2 8 N = l 4  N = 2 1  N = 2 8

1 Satellite 99.92 99.87 99.82 98.92 98.51 97.75

3 
- 

Network 99.74 99.61 99.47 92.85 88.8~ 85.27

6 
. 

99.53 99.32 
- 

99.’13 71.50 56.52 42.0 (

12 99.35 99.16 99.01 - - -

1 99.60 99.17 98.65 94.72

LOS 
99.19 98.58 97.94 72.81

6 Network 98.95 98.36 97.79 13.74

7 98.87 98.34 97.78 -
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Transportation Cost Suninary

Basel ine Network Configuration

The maximum MTBMV for the basel ine 6 node network using LOS microwave

conmiunications results from a mixed maintenance policy with response to network

failures as they occur plus yearly resupply/PM , and is approximately 2.66 months.

(Figure 3.2-16). The resulting transportation cost for AF S61 helicopters and

crews over the 20 year life cycle of the system is therefore (see Figure 3.2-5 )

C4 = _______ + $6.84M = $14.31M

If the same conditions prevail except the LOS microwave coninunications is

implemented with the reliability associated with complete redundancy, as previously

described) the MTBMV is 4.5 months, giving a transportation cost of:

c4 
= $2214M + $.648M = $ll.lM

For an all-satellite 6 node network, the MTBMV is approximately four months

(Figure 3.2-16). The resulting transportation costs for the same conditions as

above are:

= 
$20.84M + $6.48M = $ll.69M

The transportation cost for each network nodal alternative Is suninarized In

Table 3.2—21 . Additional helicopter contractor overhead costs are displayed

separately from the flight-hourly plus crew costs in this table to facilitate

realistic comparisons of Air Force and contractor costs.. It must be assumed

that, at some echelon , the Air Force also must incur similar additional overhead
costs .
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3.2.3.2 Annual Resupply Cost

An on-site fuel storage capacity of 5000 gallons is sufficient to meet Yearly

site power requirements with a 25% margin. - Fuel is the largest item of on-site

storage with an estimated 4000 gallons (27,000 lbs.) required on an annual basis.

Resupply would be accomplished by helicopter from the sealift barges. Special tanks

filled on the barge can be sling lifted to the site helicopter pad and pumped

through an In—place pipe line to the storage tanks. Helicopter airlift is recomended

to re-supply land-locked sites such as CAM-4, CAM—5, FOX-3, Dye—2 and Dye-3.

The cost of flying a helicopter to the barge from the logistics node has

been incl uded in the transportation cost. The cost of the several trips required to

shuttle the fuel from the barge to the site has the effect of increasing the cost of

fuel del ivered to the sites. The annual resupply cost then becomes a factor In

C8, power generation costs. Data from AOCOM on the present sealift operation gives

a base cost of $.67/gallon for fuel delivered to present DEWLine sites via Pacer

Alaska , Pacer Mack , Pacer DEW, Pacer Basin, Pacer Pine , and Pacer Goose. For the

land—locked sites, the cost of fuel del ivered to Pelly Bay is $2.08/gallon and is

used as a base onto which hel icopter shuttle costs are added.

The five land—locked sites invol ve an average round trip of about 1.14 hours

for the S61 (averaging 95 knots). At $490 per flight hour, the cost per gallon of

fuel delivered to the land-locked sites therefore averages to $2.08/gallon + $490 x

1.14/600 gallons $3.0/gallon. A total of 78 sites have base fuel costs of $.67/

gallon. The six logistics nodes require no shuttles. Round-trip flying times vary

from about 18 minutes to 2.7 hours for the remaining 72 sites, and result in

delivered fuel costs from $.92 to $2.88 per gal lon. Averaging these costs over all

83 sites gives a cost of $1.33/gallon for all station mission related diesel fuel .

The total cost of this fuel for 20 years, 83 stations , 4000 gallons/year. is $8.83M.
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Another $.06M is required for site lube oil at 20 gallons/year, $1.90/gallon ,

83 sites , 20 years , for a total of $8.89M 20-year annual resupply costs.

At .12 gallons/KW—hour efficiency , which is expected from the diesel prime power

system, The $1.33/gallon converts to about $.l7/KW-hour for station power while

the $.67/gallon at the nodes converts to about $.08/KW—hour.

3.2.3.3 Personnel Support Costs

It was verified early in this study that the single largest cost of operating

and maintaining the baseline unattended radar network Is the cost of manning the

logistics nodes, i.e., support personnel costs . Therefore, potential personnel

support reduction alternatives have been the focus of considerable attention in

this study. The life cycle cost model properly develops personnel support costs

by job position and salary at each manned node as follows:

NLN JP JP
(3,2-37) C5 

= 
~ PIUP ( ~ (NPM x CPM) + (

~ 
ACPS NPM))

P1=1 M=l M=l

PIUP = 20 years
ACPS = Average cost of personnel support: provisions , recreational , -med ical , suppl ies
JP = Number of job positions

NPM = Number Of persons in position M

CPM = Annual cost of position M

NLN = Number of logistics nodes (4,6)
ACPS = Average cost of personnel support : provisions , medi cal , recrea tiona , supplies
Since aircraft crew costs are included in the transportation costs, they are not

included here .

3.2.3.3.1 Criteria

The proposed manning for the logistics nodes is categorized for the baseline

system consisting of six full logistics nodes and for the alternate maintenance

concepts wherein various combinations of full logistics nodes, mini-nodes, data
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nodes, reduced logistic nodes, modified-reduced logistic nodes and modified

logistic nodes are envisioned . This nomenclature for logistics nodes Is

introduced primarily for reference and analysis purposes, according to the

functions to be performed at the nodes, and the nature and size of its support

crew. A full logistics node on the unattended DEWLIne Is envisioned to be about

the size (in facilities and support personnel) of a present day auxiliary site.

Maintenance load ing analyses to be presented shortly support this notion.

Functions/services provided by a full logistics node incl ude intermediate level

maintenance/repair of mission related equipment; data reduction, performance

monitoring and fault diagnostics; housing and life support for personnel , airport

and helicopter base, aircraft refuel station, and depot for spares storage/

suppl ies/fuel. Reductions and modifications of these functions at a particular

node are defined as introduced. The baseline manning philosophy was derived in

consideration of the maintenance concept described in the Integrated Support Plan.

The quantities of maintenance/support personnel and their required skill level s

consider:

1. The appropriate disciplines required, e.g., Power Equipment Technician ,

Electronic Technician , etc .

2. Maintenance loading from the unattended stations and logostic nodes.

3. The number of operational shifts.

3.2.3.3.2 Personnel Requirements/Cost

Personnel requirements for each full node, mini-node, data node, reduced

nodes , reduced node-modi fied and modi fied node are included in Tables in Appendix

7.2, along with indivi dual cost sumaries for each of the above node types.
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3.2.3.3.3 Network Nodal Al ternatives Impact on Maintenance Manning

The basel ine network nodal configuration and its alternates are defined

herein.. The associated node locations , functions , and manning levels are

sumarized in Table 3.2-22.

Personnel cost comparisons between the baseline system and the alternate

maintenance concepts are shown 4n Table 3.2-23. This table displays the

dramatic savings in personnel support costs which can be realized by implementing

nodal configuration and maintenance alternatives to the baseline network. Further-

more, except for the political questions of sovereignty surrounding the Alaskan—

Canadian border, each of the six alternatives is technically feasible.

3.2.3.3.3.1 Basel ine

The baseline concept consists of six full logistics nodes located at POW-M ,
BAR-M, PIN-M, CAM-M, FOX-M and OYE-M with dedicated helicopters/crews at each

node. Because of low utilizations , each helicopter serves as back-up for adjacent

nodes . -
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3.2.3.3.3.2 Alternate 1

One full logistic node is located at BAR-M; four modified-logistic nodes at

POW-M , BAR-3, CAM-M and FOX—M (App. 7.2, Tab le G, Canadian Ministry of Transportati on -

(MOT) or USAF to provide certain services); one data node* at Fort Chimo, and one
mini—node (maintenance only) at Goose Bay. Refueling will be required at Frobisher

and Goose Bay. This set of nodes is superior in several respects to the baseline

set. Tuktoyaktuk, BAR—3 , is selected to replace PIN-M because it is a staging area

for resupply activities/fuel storage, has airstrip facilities provided by the MOT,

is geographically better located for operations and maintenance, and is more

accessible to populated areas and resource. Fort Chimo and Goose Bay were selected

to replace Dye Main primarily for geographic and climatic reasons. In addition ,

advantage has been taken of the life-support facilities/services associated with

the Fort Chimo and Goose Bay economics. Frobisher Bay, Pangn irtung , and Broughton

Island are used as refuel stations for servicing the southeastern extension of the

l ine. The helicopter maintenance support concept is the same as in the baseline ,

but is more practical in that utilization is more balanced node-to-node, espec ially

in the southeast extension where the helicopter operates out of Fort Chimo.

3.2.3.3.3.3 Alternate 2

This is a roving maintenance team concept consisti ng of one modified logistic

node (2) (App. 7.2, Tab le G , additi onal two-man maintenance team) located at CAM—M to

perform intermediate level maintenance for the entire network; one data node at Fort

Chimo; one reduced logistics node (App. 7.2, Table E) at BAR-M and three modified 1ogis~

nodes (5) located at POW—M , BAR-3 and FOX-M (App. 7.2, Table F , Canadian MOT to provide

certain services). The reduced nodes will function as refueling stations and will

provide storage for spares complements to be used by the roving maintenance teams.

Refueling is also required at Frobisher and Goose Bay. Two helicopter crews and

* Data reduction, performance monitor, fault diagnostics, and hel icopter base only.
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maintenance teams at CAM-M will service the entire network. As before, hel icopters

are located at each node, but require only a helicopter crew chief per node for

its maintenance instead of the entire crew. One of the roving maintenance teams

and hel icopter crews at CAM-M is transported to the node nearest the failed network

segment via an additional aircraft (fixed wing such as the Twin Otter or helicopter)

at CAM—Main. After arriving at the node nearest the failed network segment, the

maintenance team and helicopter crew are dispatched from the node in the helicopter

stationed there to repair the critical failed site.

An additional crew (e.g., Twin Otter aircraft pilot, co— pilot and crew-chief

mechanic) is required at CAt4-M to support the roving maintenance team concept.

In addition, adequate refuel supplies are provided at each reduced node, Frobisher

and Goose Bay.

3.2.3.3.3.4 Alternate 3

“This concept is similar to Al ternate 2 except that in recognition of prob-

lems associated with traversing national boundaries . The Modified logistics node

in the Alaskan sector (POW-M) is upgraded from a Modified node, type 4 (MF4) to
a type 1 (MF1). The maintenance concept for the Alaskan sector is the same as
the baseline system (i.e., is excluded from the roving team services). The

maintenance concept for the remaining sectors Is then Identica l to that described
in Al ternate 2. 11

3.2.3.3.3.5 Al ternate 4

This roving team concept requires one modified logistic node at POW-M , one

modified-reduced node and three modified logistic nodes for the remaining sectors.

The modification In all cases is the elimi nation of the console operator/technicians .

This Is accomplished by having all data (RADAR & PM/FL) processed at the ROCC*

* Or at CAM-Main if it Is desired to keep diagnostic capability on the line.
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and having maintenance controlled from that point. The roving maintenance

teams would function as in Al ternates 2 and 3.

3.2.3.3.3.6 Al ternate 5

This is a four logistic node version of the baseline concept. One modified

logistic node is required for the Alaskan Sector at POW-M, and in the remaining

sectors , modified logistics nodes are required at BAR-3, CAM—M and Fort

Chimo ; a modified reduced node (1) -Is required at BAR—M; and a modified reduced

node is required at FOX-M. The reduced node is required to provide refueling

attendant with the four logistic node concept. Additional refueling is also

required at Frobisher and Goose Bay. Maintenance is provided by dedicated

helicopters and crews at each node as described in the baseline concept and in

Al ternate 1.

3.2.3.3.3.7 Alternate 6

This concept combines the roving maintenance team concept in Alternate 4

with the reductd node concept in Al ternate 5. Intermediate l evel minatenance

will be performed at POW-M (Alaskan Sector) and CAM-M (Canadian sectors).. Hel i-

copters (Including crew-chiefs ) will be located at POW-M, BAR-3, CAM-M and Fort

Chimo . All data will be processed at the ROCC (or at CAM—M).

3.2.3.3.4 Maintenance Loading

Maintenance loading must consider both unattended station failures and

logisti c node failures . Tables 3.2—24 and 3.2—25 reflect the number of maintenance

actions/year based on equipment failure (including redundant i tems). A detailed

anal ysis of maintenance loading is included in Appendi x 7.2.
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TABLE 3.2—24

MAINTENANCE LOADING (STATION FAILURES)

Maintenance Actions (MA) 6 MA/Logistic Node
Equipment Per Sat-Ion/Year x 10 Irs Per Year

Power * 5.95 17 13.14

Radar 10.02 1144 138.6

.78 (satellite) 89 10.79 ‘ -

Coninunications 1.29 (LOS & Repeater) 147 17.84

# NAV AIDS 1.03 3.3 .4

# Weather 1.09 10 1.21

16.9/17.4 1254/1312 165/172

* 5 MA/Year - Filter/injector replacements
.8/Year - Overhaul 2 KW generators

# Based on 1% utilization

TABLE 3.2—25

MAINTENANCE LOADING (LOGISTIC NODE FAILURES )

Equipment A 106 Hrs MA/Logi stic Node/Year

Computer 500 4.38

Display 500 4.38

Ai rcraft Fac. Equip. 333 2.92

Maintenace Test Equip. 750 6.57

2083 18.25/Year
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3.2.3.4 Spares Costs

The life cycle cost models for initial and replenishment spares are given

below:
NLN JS FTOT Q,.’. x NRS

(3.2-38) C6 = E ~ NSS~ ~ ~ MTBF 
F) (LNCT FX RLNF * DRCTFx NRLNF) UPF

N=l J=l F=l F

35 = # different types of sites = 3 (mai n, UAR, repeater)

FTOT = # separetely identifiabl e functional elements at site

NSS1 = # main sites (logistics nodes) = 6 baseline

NSS2 = # unatteneded radar sites = 77
NSS3 = # microwave repeaters = 74

~OH = 2190 hours

NRSF = Fth function redundancy

MTBFF = Fth function MTBF

UPF = estimated unit price of Fth element

LNCTF = logistics node repair cycle time ~~~~~~ ~~~~~~~~~ 

~~
1
~~ys

RLNF = Fraction of failures repairable at logistics node
DRCTF = Depot cycle repair time 1 , 1.33, 2, 3
NRLNF = Fraction not repairable at logistics node 90, 120, 180, 270 days

I
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The provisioning philosophy for the baseline six-logistic node system will

require a full complement of LRI spares and their associated repair parts at

each node. Spares/repair parts costs associated with unattended radar station

equipment, and logistic node equipment are sumarized in Table ~.2-26 and are

described below .

1) Unattended radar station equipment--consists of: a) radar; b) power

equipment; c) coninunications; d) navigationa l aids ; and e) weather

package (includes station controller).

2) Logistic node equipment-—consists of: a) computer; b) display ; c) air-

craft facility equipment (VHF, UHF, HF radios, rotating beacon, etc);

d) maintenance test equipment; e) support equipment; and f) vehicular

equipment.

A detailed analysis of spares requirements and costs is included in

Appendix 7.3, including an analysis of the cost impact of the 6 network nodal

a l ternati ves - suninarized in Table 3.2-27.
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TABLE 3.2—27

SPARES COST COMPARISON* - BASELINE VERSUS ALTERNATE MAINTENANCE CONCEPTS ($K)

INITIAL REPLENISHMENT REPAIR MATERIAL TOTAL

BASELINE $1517/1571 $5085/5258 $l ,256K/l ,307K $7858/8136

(1) 1068/1122 4878/5051 1,256K/l ,307K 7202/7480

(2) 1034/1088 4859/5032 l.l46K/l ,l97K 7033/7317

(3) 1041/1095 4863/5036 l ,138K/ l,189K 7042/7320

(4) 831/885 4743/4916 1 ,085K/ i ,136K 6659/6937

(5) 1055/1109 4871/5050 1 ,174K/l,225K 7120/7834

(6) 492/552 4747/4920 l ,077K/l,128K 6316/6600

* LOS/Satellite
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3.2.3.5 Power Generation Costs

The life cycle cost model for power generation cost and a sumary of para-

meters for the baseline network is:

(3.2-39) C8 = PIUP ((NUS x SPWR x SCPR) + (NLN x NPWR x NCWR) + (NCR + RPWR + RCPR))

PIUP = 20 years

NUS - Number of unattended sites = 17

SPWR = Unattended site power required = 2.97(3.1) KW x 8760 hours = 26,017
(27 ,156) KW-Hours

SCPR = Unattended site power cost/KW-Hour $.l7/KW-Hour

NLN = Number of logistics nodes = 6
NPWR = Logistics node power required = 103 KW x 8760 hours = .902 x io6 KW—hour
NCWR = Cost of power at logistics node = $.08/KW-Hour
NCR = Estimated number of coninunicatlons repeaters = 74
RPWR = Repeater power required = .300 KW x 8760 = 2628 KW-Hour
RCPR = Cost of power at repeater = $.17/KW—Hour

C8 = 6.8lM + 8.66M + .66M = 16.13M (15.77M)

= +3.9M (heating oil for six nodes)

= $20.03M ($19.67M)*

These costs are based on an average unattended site power consumption of 2.97KW(3.1) an~

additional logistics node support power of 100 KW. These power requirements are

developed in Section 3.3 Cost coefficients of $.l7/KW-Hour for site power and

* Costs associated with the satellite coninunicatlons approach are in parenthesis.
— 

- 
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$.08/KR-hour node power have been generated in this section, 3.2.3.2 Annual Resupply

Costs. The repeater cost appl ies only to the LOS microwave baseline coninunications

implementation . For a satel1i~e implementation, site power consumed is nearly the

same but naturally there Is no repeater.

The power consumption of 100 KW Is based on average consumption at current

auxil iary s ites , numbers of personnel supported, and new technical load esimates.

Power consumed is categorized as either technical or utility . It Is estimated that

15 KW of power is required to power the new mission related node equipment, while

the remaining 85 KW is required for utilities . About half of the utiliti es are fixed

while the rest are assumed to vary in proportion to the number of people supported at

the node, at a rate of about 2.5 KW per person.This model checks well against

established utilities power consumption and personnel at existing sites. Figure 3.2—17

illustrates average power consumption estimates versus personnel supported based on

the above model . The average power consumption of each network nodal configuration

alternative is determined by an appropriate number of nodes and total personnel

supported, as is also illustrated on Figure 3.2-17. The average rate of energy

consumption at the logistics nodes is about 618KW , which at $.08/KW—hour results

in a 20 year cost of $8.66M. The average rate of energy consumption of 77 unattended

stations at 2.97KW per station is 238.7 KW , which at $.17/KW—hour for 20 years is

$6.81M. Including a cost of $.66M for 74 repeaters at 300 watts each, the total power

generation costs for the basel ine system network are $16.13M. An estimated additional

$3.9M In fuel oil should be incl uded for heating for six nodes, for a total cost of

$20. 03M.

Cost deltas are presented in Table 3.2-28 for the six network nodal configuration

al ternatives, indicating that up to $5.3M may be saved in power generation costs

over a 20 year period through personnel support reduction.
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TABLE 3.2-28

- 
TOTAL LIFE CYCLE POWER GENERATION COSTS VERSUS

- ALTERNATES

COST DIFFERENTIAL
- SYSTEM CONFIGURATION TOTAL COST FROM BASELINE SYSTEM

Basel ine System $20.03M $ 0

Al ternate (1) - l.12M

- (2) — 3.10M

(3) — 2.45M

(4) — 3.50M

(5) — 3.lOM

(6) — 5.33M
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3.3 STATION EQUIPMENT

3.3.1 Station Functional Analysis

A func tiona l anal ysis of the una ttended radar station was performed a t the

start of the study . The analysis consisted of defining the functions requi red ,

grouping those functions into functional equipment areas, and then defining the

equipment requirement for those functional areas. The next step of the study

was to i dentify candidate equipments , and by means of trade-offs studies , define

a reconinended equipment configuration .

Figure 3.3-1 is a functional flow diagram of the primary functions required

to perform the miss ion. The second l evel func tional b reak down , for the majority

of the func tions def ined, are self exp lana tory an d were not detai le d in separa te

functional diagrams . They are, however , covered in the equipment area descrip-

tions . Second level func tional diagrams have been prepared for b locks 13 an d

18 and are given in Figures 3.3-2 and 3.3-3.

Grou p in g the functional requirements of the first, second , and third level

analysis into equipment groupings , the una ttended radar station func tional b lock

diagram was generated, and is given in Figure 3.3-4. To facilitate the equip-

men t discuss ions the func tional areas where fur ther grou ped as i ndi ca ted i n Tab le

3.3-1. These equipment areas are discussed in greater detail in the fol lowing

equipment sections .

3.3.2 Radar/IFF

The radar and 1FF equ ipment was def ined In the Unat tended/Mi n imall y

Attended Radar Design Studies . The results of these studies was used as the

baseline radar/IFF system in the station design. Table 3.3-2 is a suninary of

the results of these studies that were provided to us by ESD at the start of

our study. Table 3.3-3 tabulates the nomi nal radar performance parameters

that were used in the radar design . This data was supplemented as required by

the detail results of the General Electric study of the unattended radar.
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TABLE 3.3-3

UNATTENDED RADAR DESIGN GOALS

RF Bandwidth 10%
Site Altitude 50 to 4500 ft
Ra dar Pr ime Power 500 W
Frame T ime 4 S

Growth 3-0
Target Characteristi cs

RCS 1 to l6 m2

Speed 80 to 2400 knots
Detection Range 30 nmi (1 m2)/60 nmi (16 m2)

No. of Tracks 20
Speci al Fea tures

ECM Warn i ng
Zero Doppler Detecti on
An ticlutter Processing
CFAR

Covera ge
Max. Range 60 nmi

M m .  Range TBD
Max. Altitude 100 kft

Max. Eleva tion Angle 50°
M m .  Eleva tion Angle R~1~ at 0 kt

Azimuth 360°

Resol ution/Accurac y
Range 0.5 nmi /0.25 nmi

Azimuth 3°/O.5°

An gle Sidelo bes
Transmit < —20 dB (First)

< -30 dB (Others)

Receive < -30 dB
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TABLE 3.3—3

UNATTENDED RA DAR DESIGN GOALS ( CONT ’D)

Detection

~D (3 ou t of 4 scans ) 0.95

FA
Trac king

P (Track Initiate and Maintenance 0.95

P (Drop Track Exi ting Coverage) 0.999

Fa l se Trac k In iti ation one per hour
Track Initiate Time 16 s

Trac k Drop Time 12 S

(Exiting Target)

3-119

- -—~~~ ~~~~~~~~-— ---~~~~~~~ - - ~~~~~—- -- ---~~~~~~~~~~~~~ . ~~~- - -- -— J



A prime power figure of 1000 watts for the radar and 1FF was used in the

study, as this is approximately the average value from Table 3.3-2. The

1000 watts is also close to the value determined in the General Electri c Radar

Study. The antenna sizing was accomplished in a similar manor in determining

the 6’ x 25 ’ value used in the study . Cost figures In the radar and 1FF area

where taken solely from the General Electri c study due to the availability of

detail life cycle cost data.

3.3.3 Weather Station

The primary objective of the weather station is to provide sufficient

information on the weather at the unattended radars to insure safe operation

of helicopter flights servicing the line . A secondary function is to provide

meteorological data for the weather services.

Without the weather data provided by the present DEWLine , weather informa-

tion for the enti re region serviced by the DEWLine would be almost non-

existant. The non—DEWL1ne weather observation stations are scattered, which

woul d leave large areas unmonitored . This would mean that local condi tions

may exist that are unobserved and therefore unreported . These may include snow

or rain showers, thunders torms , strong w inds , fog, cloud conditions , icing ,

and white-outs .

White-out condi tions can be extremely hazardous . The condition can effect

visibility to the extent that a pilot may have little or no visual reference

by which to control his aircraft. The following phenomena are known to cause

white—out and should be avoided if at all possible.

a) An overcast white-out resul ting from light reflected between a snow

surface and a cloud base. Judgment may be limi ted to a few feet.

b) Water-fog white-out resulti ng from thin clouds of super-cooled water

drople ts i n contact wi th the col d snow surface .

3-1 20 
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c) Blow ing snow white—out resulti ng from fine snow being plucked from

the surface by winds of 20 knots or more. Light is reflected and

diffused resulting in a nil visibili ty white—out condition.

d) Precipi taticn white—out resulti ng from small wind-dri ven snow crystals

fall ing from low clouds above which the sun is shining . Light

reflec tion , complicated by spectral reflection from the snow flakes

wi th observati on of landmarks by falling snow can reduce visibility

and depth perception to nil in such condi tions.

To insure safe landings a knowledge of actual site conditions in terms of

visibility , ceiling , and a direct knowledge of the actual weather is required .

A prelimi nary safety plan hazard analysis , using the guide lines of MIL—

STD-882, established that the absence of a weather station at the unattended

facility must be placed in hazard severity Category I, catastrophic. This is

due to the possibility of death from a weather related helicopter crash. The

hazard probability is however low, and is classed leve l 0, remote. This rating

is based on present fl ight regulations which allow flights into landing

facilities such as the unattended radar sites without direct knowledge of the

weather provi ded that a helicopter landing is not attempted without a ceiling

of 300 feet and one mile visibility , and that a pre—selected alternate field

whose weather condi tions are known to be acceptable is available.

In the baseline concept, the weather station at the unattended radar

would be operational only prior to and during flights required for the maintenance

of the line itself. As the total accumulated operational hours for this service

woul d be low , the availability of the weather station is high . A more realisti c

operational concept would be that the weather station would be operationa l on

a 24 hours basis for support of general aviati on and meteorological services .

This would reduce availability of the weather station unless redundant sensors

and read out equipment are provided .
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Definiti ve data on the reliability of the sensors was not available

duri ng the study, but sim i lar una ttended wea ther stat ions have demons tra ted

high availability . The Beaufort Sea unattended weather station has operated

satisfactorily for 16 months , the Climatol ogical Automated Recording Stations

(CARS ) have been opera ting i n the Canad ian Arc tic since 1973 with few fa i lures ,

and the Meteorological Automati c Reporting Station (MARS II) has operated in

the Canadian Meteorological Network for several years of successful field

testing to site a few examples .

Based on the demonstrated availability of unattended weather stations pre-

viously built, it is recomended that a non-redundant weather station be pro-

vided . Duri ng reliability testing , if the reliability of the weather station

does not prove adequate, redundancy of the sensors may be i ncorporated at that

time .

3.3.3.1 Weather Station Equipment

The meteorological weather data to be provided is as follows :

a) Visibility

b) WI nd Di recti on

c) W i nd Veloci ty

d) Pressure - Altimeter

e) Tempera ture

f) Dew

g) Precipi tation

In additi on the following weather i nformation for fl i ght safety would be

desirable.

a) Ceiling

b ) Wea ther Cond iti ons
F c) Obstruction
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A description of the sensors forming the weather station fol lows.

3.3.3.1.1 Forward Scatter Meter

The forwar d scatter meter measures the atmospher ic forwar d sca tter ing

coefficient. In the absence of absorption , this is a measure of the exti nction

coeff icien t an d therefore of v isual ran ge.

The instrument uses a halogen quartz lamp to generate a cone-shaped light

beam over an angle of 20 to 50 degrees . A silicon photo detector is located

foL’r foot from the source and is pointed in the direction of the source accepting

l ight only from a cone shaped volume of the same angular dimensions as the

source. The resultant sampling volume is a torodial-shaped space approximately

two feet in diameter and two feet thick , with a total volume of 1.67 cubic feet.

Light energy received by the photo detector from scattering caused by

par ticu la tes or aerosols in the sampl ing volume is l inearl y rela ted to the

atmospheric extinction coefficient. Calibration is accomplished by a special

device that introduces a standardized scattering medi um between the light source

an d the photo detector. The sensor is cal ibra ted to rea d from an i ntegrated

scattering coefficient of approximately 5 x io .6 per cm or 20,000 feet visua l

range to a scattering coefficient of 5 x lO~~ per cm or 200 feet v isual range

with an accuracy of +5% of the scattering coefficient. The unit recomended by

the Meteorolo gy Di v i si on of the A i r Force Geophysics Labora tory has been

designated as the candidate unit. This unit is EG & G’s Model 207 with

cal ibrator. The unit is designed for unattended operation is servicable

between -300C to +50°C, weighs 135 lbs , consumes 100 watts of a-c power, and

costs $15,800 wi th calibrator.

3.3.3.1.2 Anemometer/Wind Vane

A U2A cupwheel anemometer driving a d-c tachometer with a wind vane

assemb ly modified for coupling to a resolver is proposed as the candidate
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sensor. This sensor is presently employed by the Canadians in their MARS 11

stations . The output voltages will dri ve an ana log to digital converter similar

to the U2A—SIM-695—22 manufactured by Bristol Aerospace Limited of Winnipeg

Canada . This sensor digital interface module is specifi cally designed to

i nterface with the U2A anemome ter.

A cupw heel anemome ter was selec ted pr imar i ly because it has been f ield

tested in unattended arctic weather stations. Specifically the U2A was chosen

as it is of the non—contacti ng type. When the state-of-the-art for differential

pressure sensors , sonic sensors, or strain gage sensors reach the point that

these items are proven in an unattended arctic envi ronment, they should be

considered as a replacement for the rotating cup and vane device proposed .

These devices offer higher reliability , no prob lems with lubricant freezing ,

an d are less susce ptib le to hi gh w i nd veloc ity damage. The i ns trumen t w i ll

measure veloci ties from 0 to 128 mi les per hour i n one mi le i ncremen ts. The

unit will operate from -50°C to +70°C, weighs approximately 20 lbs , consumes

less than 8 watts, and cost under $1 ,000 with interface module.

3.3.3.1.3 Pressure Transducer

Atmospheri c pressure will be obtained from a vibrati ng diaphragm

pressure transducer. The dev ice selec ted is Sperry Fl i ght Systems Sensor

Translator Model 4016012-901, which was recomended by the Air Force Geo-

physics Laboratory. A vibrating device is employed to eliminate stickti on.

The design of the unit is temperature compensated , but may be still temperature

sensitive . It is recommended that should the output requi re temperature

correction , that it be made i n the micro processor con troller , rather than

spend power in main tainin g temperature wi thin a control range . The sensor

will read from 914 to 1084 millibars , within +0.17 mi llibars . The unit weighs

20 pounds , consumes 30 watts of a-c power, and costs $4,000.
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3.3.3.1.4 Temperature/Dewpoint

An asp i rated tempera ture sensor w i l l  be emp loyed . Thi s w i l l  be protected

by triple solar radiation shields instead of a Stevenson screen. The shields

must be of open design to allow good air circulation . The sensor will be a

precision thermister which will feed a linearizing network and output amplifier.

Dewpoint temperature is obtained by use of a Peltier-cooled , gold surface

mi rror. The mi rror is held at the dewpoint by a closed loop system consisti ng

of a Light Emitting Diode source pointed to reflect from the mi rror to a photo

detector that controls the power to the thermoelectric cooler. The dewpoint is

mainta i ned by sensing the change In light level when condensation on the mi rror

occurs. The dewpoint is measured using a precision thermister feeding a linear-

izing network and amplifier. Below freezing the measurement will be made for the

frost point.

The device selected is the EG & G Model 220, recommended by the Geophysics

Laboratory. It contains a built In calibration circuit and air flow detector

in the aspi rator, and has an accuracy of 1°F over the operating range of -58°F

to +122°F. The unit is designed for unattended operation , the sensor may be

located up to 500 feet from the control unit , it weighs 19 ibs , consumes 100

watts of a—c prime power, and cos ts $4 ,395 with monitors .

3.3.3.1.5 Precipitation Gauge

Precipitation measurements will be made at the manned nodes only. A

tipping bucket sensor will be employed. As the name implies measurement is

accomplished by causing a bucket to tip when 0.01 of an inch of precipi tation

has accumula ted i n the bucket , causing a contact-closure- to report the event.

The unit weighs 37 lbs, requi res 325 watts, and costs $530.
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3.3.3.1.6 Solid—State T.V.

A sol id-state television camera is included as part of the weather

station to allow remoting of visual weather conditions and ceiling determina-

tion to the manned node. This unit will be employed only for flight service

and w i l l  not be used for the per iodi c meteorological measuremen t.

The dev ice selected is General Elec tr ic ’s TN 2201 Au toma tion Camera .

The camera uses a Charge Injection Device (CID) as the light sensor. Charge

injection imaging makes use of a two dimensional array of coupled MOS

capacitors to collect and store photo-generated charge . Shift registers along

the two edges of the imaging array are used for raster scanning . The TN 2201

consists of an array of 42 x 342 (14,364) pixels. Using a 1 inch lens with a

6.5 millimeter focal length . This will provide an object height to object

distance ratio of 2.1. In normal operation the frame rate for scanning the

raster structure is 29.97 hz. This may be decreased to less than 1 hz, which

will increase the integration time of the sensor improving its low light level

operation. Control of the scanning rate and analog to digital conversion is

provided by the PN 2llOA Automation Interface Unit. The interface unit contains

the master clock whose speed may be controlled remotely. The unit also contains

an in ternal timing generator and a 8 parallel bit analog to digital converter.

Applicati on of the camera as a ceilometer requires the use of a dedicated

l ight source. The reflection of the source from the cloud base is received by

the camera and is remotely observed on a calibrated display to determine height.

To improve the signa l to noise ratio the source is operated on a specific

optical wavelength , and the receiver is matched using a fi l ter of the same

waveleng th in front of the camera. The input filter attenuates the out-of-

band background noise resulting in the signal to noise improvement. As the

camera is most sensiti ve in the region of 0.7 microns , which is on the edge of

the visible red of the spectrum , the source should be in this region. A c.w.
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laser whose radiated energy is well below eye-safe levels is recomended. As

the device is only to be used to determi ne that the ceiling is wi thin an

acceptable level for landings , a maximum height capability of 600 feet is

recommended. This would place the source 300 feet from the camera. The

resolution of each line on the display is under two feet. The major advantage

of using a T.V . camera is that it does not require a rotating mechanical device .

Visual observation of the weather will be implemented using a second

camera. Al ternate techniques using a split image or secondary optical systems

could also be employed using a single camera . A normal floodlamp for night

illumi nation will be used. This camera may also be used for security as ft

w i ll prov ide a p icture of the hel i pad area .

In the ceilometer mode the frame time will be one second , a single frame

will be scanned out and placed in storage In the data conditioner. The stored

signal may be read out wi thin a two mi nute period of a 1200 bit per second rate

for remot ing to the node. At the node it will be stored and then read out 8

bit parallel for display on a x-y monitor or oscilloscope using z axis modula-

tion. The v isual pi cture w i ll be handled in the same manner except tha t the

scan rate will be 29.97 hz. The picture refresh rate in both cases will be

two mi nutes.

The television camera and i nterface equi pment are designed for unattended

operation . The camera will require a 50 watt heater for proper operation . The

interface unit will be located wi th the station control equipment and will not

require heaters. The T.V. system weighs 25 lbs , consumes 80 watts including

50 watts for the heater, and costs $5000, including light sources.
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3.3.3. 1.7 Data Conditioner

An analog to digital converter will be provided for the forward scatter

meter , pressure transducer, temperature, and dewpoint. The analog to digital

converter selected is a Analog Devices Inc., A/D Converter ADC-12QM/ET. The

devi ce is a 12 bit converter wi th a +1/2 least significant bit lineari ty error,

a selectable input range of +2.5v, +5v, +lOv , 0 to 5v, or 0 to +10 volts . The

speed of conversion is 25 mi croseconds using the successive approximation

technique. It will operate from -55°C to +85°C, and has good stability over

both time and temperature. A 12-bit converter was selected to allow for long

term dri ft in the least significant bits which will be discarded.

3.3.3.2 Equipment Summary

Table 3.3-4 sumarizes the parameters of the sensors that form the

una ttended weather sta tion.

3.3.3.3 Weather Station Control

Control of the weather station will reside in the master station controller .

To conserve prime power the sensors will be polled sequentially on the hour .

The forward scatter meter, pressure transducer, temperature, and dewpoint will

requi re analog to digital conversion in a data conditioner. Each output will

have a dedicated converter. The digital outputs will be stored in the controller ’s

memory and when all sensors have been polled a weather message will be transmi tted

to the node. Fault sensing and calibration will also be under control of the

mas ter station controller.

Activation of the T.V. sensor will only occur by command from the node.

This normally will be only for testing and for support of helicopter flights to

the site.
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3.3.3.4 Physical Requirements

The forward scatter sensor w i l l  be loca ted on the north side of the

tower an d sh ielde d to avo id sun rays. Placemen t of the anemome ter and w i nd

vane will be in a location to minimi ze blockage , and be at a height of at

leas t 10 feet. The tempera ture an d dewpoi nt should preferab ly be in the shade ,

and not near any heat source. Finally the solid-state T.V. should be pointed

toward the helipad with the ceilometer source at a distance of 300 feet from

the camera. The remaining equipment may be placed with the station controller.

3.3.3.5 Message Format

Table 3.3-5 summarizes the weather message that will be transmi tted on

the hour. In additi on the weather message may be transmitted on demand along

wi th transm iss ion of the pi cture on a voice channel .

3.3.3.6 Weather Station Costs

The major life cycle cost element of the weather station is the $31 ,695.

acquisition cost per station. The total operati ng cost for 20 years of 24 hour

operation , is $8,340 per station , which is an annual cost of $417. To insure

proper opera tion of the wea ther station , the 105 watts of maintenance power

should be provided at all times . The addi tional cost of obtaining the hourly

readings for the weather service is less than $20 per year of additi onal prime

power expenditure. It is therefore recommended that a full time weather service

be provided .

3.3.4 Navigati onal Ai ds

Safe passage by the helicopter from the manned node to an una ttende d
- station will be facilitated by~the navigational aids provided along- the network

of unattended stations .
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TABLE 3.3-5
NORMA L HOURLY WEAThER MESSAGE

Instrument Reporting Message
Parameter Range Increment Bits

Visibility 200-20,000 feet 200 feet 7

Pressure 100 millibars 0.1 millibars 10

0 0 0
Temperature -58 F to +122 F 1 F 8

Dew Point -S8°F to +122°F 1°F 8

Wind Velocity 0-128 MPH 1 MPH 7

Wind Direction 32 points 11.25° 5

Housekeeping ~ 19
Address

Total Bits 64
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The trip from a manned node to an unattended station may be divided into

three segments. The first segment , is the in—route segment. During this portion

of the flight the helicopter will use the network of non—directional beacons

located at each station for primary navigation. In support, radar gu idance from

the node may be obta i ned from the con troller at the node , by vo ice comun i ca ti on

us i ng the commun ica tion networ k an d the UHF or VHF rad ios at each sta tion. The

UHF radio may also be employed as a radio beacon using an on-board AN/ARD-2l

null seeker when the on—site transmitter is keyed. Night time visua l navigation

will be assisted by obstruction lighting and a rotating beacon wh ich may be ener-

gized by command from the node.

In the second , or ap proach segment, additi onal obstructi on lighting and

the rotating beacon will be illuminated in addition to the in-route navigationa l

aids . In the final or landing phase, the wind cone and helipad will be il-

luminated .

Prior to, and during flight , weather reports w i ll be ob ta ined from stations

along the line of flight. Prior to landing a T.V. picture of the station and

the helipad will be obtained , and perti nent information will be communi cated

by voice to the helicopter.

3.3.4.1 NAVAIDS Equipment

The NAVAIDS at the unattended station may be grouped into lighti ng ,

rad io, and L.F.  Beacon grou ps whi ch are deta i led i n the follow ing sections .

3.3.4.2 Lighting

Night time obstruction lighting is required on all structures greater than

150 feet in height. If line of sight communicati on towers are employed , they

normall y will exceed the 150 foot requirement. The other structures at the

una ttended sta tion usuall y wi l l  be less than 150 feet . If the sta tion employs

satellite communications no obstruction lighti ng will normally be required .
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To i nsure safe ty dur i ng landing , obstruction lighting of the radar tower,

and L.F. Beacon tower will be provided . The radar tower will be outl i ned by

having a light on top and one on diagonal corners . These lights will be acti vated

from the node via the comunication network prior to landing .

The obstruc tion l igh ts w i ll be steady burn ing red l igh ts. The f ix ture wi ll

house two l amps wi th a sensor to detect a failure in the operating buTh which will

automatically activate the standby lamp . An i ncandescent l amp was selected over

a flash tube strobe light due to its higher rel i ability . The high reliability

of the incandescent is obtained by lowering the app l ied voltage across the lamp .

The pri ce paid for the increased reliability is reduced lamp efficiency causing

reduced illumination . The light selected is a Crouse Hinds Aircraft Obstruction

Lighti ng Fixture which consumes 118 watts per lamp . This fixture meets all

env i ronmental conditions to be encountered.

A revolv ing sealed beam beacon light will be provided for visual navigation

to the site . The unit selected is Whelen Engineering ’s, Model 8830. It has a

heavy duty two-bearing sealed worm dri ve motor, herma ticall y sealed revolv i ng

elec tr i c connec tions , three seale d beam bul bs, 135 flashes per minute , draw i ng

165 watts. The beam candle power will be 16,750 with an effective candle power

of 1,134 .

Four 200 watt floodlamps will be provided for helipad lighti ng . Standard

low tempera ture ou tdoor fixtures w i ll  be employed .

The cost of lighting will be $1,150. The power normal power consumed will

be 118 watts. Duri ng l andi ngs this will go up to 837 watts.

3.3.4.3 Radio

A UHF , and a VHF radio will be provided at all stations. To simplify

maintenance commonality of components for the non-r.f. of both transceivers will

be implemented.
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The modernized version of the multichannel AN/GRC-l 7l UHF Transceiver

System, alon g with its VHF Transceiver mate , Coll i ns Rad io ’s VHF—400VHF AM , are

i deal candidates . Discussion with Collins have indicated that they can provide

these rad ios to meet the requ i rements of una ttended opera tion for extended per iods

of time. Except for the r.f. circuitry , which will be similar in design , common

componen ts wi ll  be emp loyed in both the UHF and VHF versions . Due to the comonality

the following descriptions will be true for both transceivers .

The rnul tichannel transceiver i s specif icall y designed for ground to a i r

communicati on . The equipment is all solid-sta te and has a mean time between

failure (9~) of not less than 5,000 hours . The unit consists of the following

modules or assemblies .

Al D/A Servo Amplifier Module

A2 Frequency Synthesizer Module

A3 Rece iver RF Module

A4 Audio Module

A5 DC—DC Converter Module

A6 Voltage Regulator Module

A7 RF Fi l ter Module

A8 Power Ampl i fier Module

A9 Keyer Module

AlO Chassis and Front Panel

The modular construction will minimi ze on-site trouble shooting and repair.

Due to the commonality of the UHF and VHF non-r.f. modules the logistic problem

will also be minimi zed.

The transceiver will mount in a standard 19 inch cabinet , with a 8— 3/4

inch height and 21—1/2 inch depth . The unit weighs less than 100 pounds .

Env i ronmentally It wi ll operate in temperatures down to -290C and up to +60°C.

The unit will consume 450 watts of prime power.
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— The following test points given in Table 3.3-6 will be connected to a special

selec ti on ci rcu itry not part of the transce iver for selec ti on , analog to digital
conversion and transfer to the node upon request.

To complement the transceivers , the Collins 437B-7 UHF and 4376-10 VHF

antennas will be employed . Physicall y both an tennas are the same si ze , 69 i nches

long and 8 inches in di ameter, with a weight of 50 pounds . The coupling flanges

on the antennas are such that they may be stacked one on top of the other. To

facilitate coupling each antenna is base fed with a 1.5 inch diameter tube.

Each antenna is a dual—dipole, vertically polarized antenna . The antenna

will withstand 100 mile per hour winds with a coating of 1 inch of ice when

stacked four high . The epoxy—coated fiber glass radome is weather resistant and

contains sealed—in elements that are formed in place.

The UHF 437B-7 antenna operates over 225 to 400 Mhz wi th a gain of 4 to

5 db. The hori zontal pattern is omnidirecti onal , with a 300 to 40° ver tical

beamw i dth .

The VHF 437B—lO antenna operates over 116 to 152 Mhz with a gain of 2 db.

The horizontal pattern is omnidirectional , with an 80° vertical bea,mqidth.

3.3.4.4 Low Frequency Beacon

The energy ra di ated from a LF Beacon an tenna loca ted near the ear th’s

surface may be segregated into a sky wave and a ground wave . The sky wave is

the energy radiated at an angle above the hori zontal and is dependent on the

ionosphere for transmission . The ground wave is the energy traveling along the

surface of the earth and depends on the character of the surface i nvolved ,

and the frequency.
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TABLE- 3.3-6

RADIO TEST POINTS

TEST POINT DESCRIPTION

FWD PWR , Tes t Meter In di cates Transm itter Forwar d Power to An tenna
REFLO PWR , Test Meter Indicates Reflected Power from Antenna
% MOD, Test Meter Indicates % Modulation
Temp, Test Meter Indicates For Overtemperature Condition of Power Amplifier
+26V, Test Meter Indicates DC—DC Converter Output Voltage
+22V , Test Meter Indicates 22 Volt Regulated Supply Output Voltage
+12V , Test Meter Indicates 12 Volt Regulated Supply Output Voltage
+5V , Test Meter Indicates 5.1 Volt Regulated Supply Output Voltage

—l2V , Test Meter Indicates -12 Volt Regulated Supply Output Voltage
SERVO ÷ Provi des Sample of Servo Motor Voltage While Tuning

to a H i gher Frequency
SERVO — Prov ides Samp le of Servo Motor Vol tage Whi le Tun i ng

to a Lower Frequency
Tune Vol t Prov ides Samp le of Servo Pos iti on Feedbac k Vol tage
PLL Out Provides Sample of Frequency Synthesizer Phase-Locked

Loop Output Level
PLL Faul t In di cates Synthesi zer Lock Cond iti on
PA FWD PWR Indi cates RF Power Amplifier Forward Power To RF

Fi l ter
PA REFLD PWR Indicates RF Power Amplifier Reflected Power From

RF Fi l ter
ALC Prov ides Sam ple of Power Ampl ifi er Au tomatic Level

Con trol Vol tage
KEY Provides Sample of Key 2 Output

— RCV AUDIO Provides Sample of Receiver Audio Output
XMIT AUDIO Provi des Sample of Audio Module Transmi t Output
IF AGC Prov ides Sample of AGC Squelch Vol tage
RECT DC Provi des Access to Trans former Rectifier Ou tput
GND Return For all Fron t Panel Tes t Poi nts
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The ground wave is vertically polarized because the hori zontally polarized

component in the Immediate vicinity of the earth has its electrostatic field

short-circuited by the ground. The ground wave is accompanied by charges induced

i n the ear th . These moving charges const itute a curren t, and since the ear th

offers resistance to the flow of current, there is a dissipation of energy in

the earth that represents energy absorbed from the ground wave. The portion of

the wave in contact with the earth is therefore being continuously wiped out ,

only to be replenished at least in part by di ffraction of energy downward from

the portions of the ground wave Immediately above the earth .

In forma ti on obta ined from Nau tical Elec tron ic Labora tor ies L imited of

Hal i fax , Nova Scotia i ndi cates that the ground conductivity of Northern Canada

is notoriously poor. Figure 3.3-5 is a copy of a graph Nautel prepared from

published C.C.I.R. data . The graph shows the low alti tude received field strength

at three frequencies (200, 300 and 500 KHz) as a function of soi l conductivi ty

for a range of 100 nautical miles . The curves are based upon an actual radiated

power of 0db watts from an electronically - short , vert ical an tenna . At h igher

alti tudes, e.g. 6000 feet, the field strengths will be 1 or 2db ’s higher than

shown .

The poor conductivity of the arctic soil demands that the radiated power

be higher than for normal soi l conditions . This problem may be solved by larger

transmitter sizes and bigger antennas with good ground planes . A more serious

problem is the night time sky. The sky wave reflected from the darkened ionosphere

may propagate to a beacon receiver at long range. This reflected sky wave can

interfere with the ground wave causing fading and bearing uncertainty . For

normal soil conditions this would occur at about 165 miles . Due to the uncertainties

of the Ionosphere in high latitudes it is impossible to define a range where this

pr oblem may occur. It is poss ib le tha t th i s coul d occur at n ight at 100 mi les .
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The requi rement that was established for the beacon network, is that

ai rcraft flying the dew line be able to receive a beacon signal at any point.

The minimal acceptable beacon range for this to occur would be half the average

distance between stations or 23 miles . To accommodate spacings greater than

average the beacon frequenc y woul d be corres pond i ngly les s than the avera ge

beacon frequency.

The required radiated power P, in Kilowatts , is given by equation 3.3.1 ,

for a fla t earth

p ~(Ex 

~ 

2 
Eq 3.3.1

where

E = Field strength in mi crovolts per meter

d = Distance to an tenna i n k i l ometers

a = Antenna directivi ty factor

A = Groun d loss fac tor

For the ran ge, soil conductivity , and frequency band associated wi th the

beacon network , the ground loss factor A is inversely proportional to di stance

an d also inversel y proportional to the square of frequency . Substi tuti ng for

A in equation 3.3.1 , the radiated power is found to be proportiona l to the fourth

power of distance and frequency. -

Radiated power is determined by the transmitter power and antenna efficiency.

A half wave length antenna at 300 Khz would be 1640 feet in length . As antennas

of this length are unpractica l, a compromise to a shorter antenna wi th low

efficiency is normally made. Antenna efficiency for the antennas normally

employed improve in efficiency by roughly the square of the frequency. Using

transmitter power times antenna efficiency in place of radiated power, equa tion

3.3.1 may be further modified to show that the field strength Increases approx-

imately by the reciprocal of the square of the frequency.
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The maximum spacing between stations which is 60 miles , or a 30 mil e

minimum beacon range. The ratio to the average minimum distance of 23 miles

is 1.3, to maintain the same field strength at the 30 mile range requi res 4.62db

of additional radiated power. This may be obtained by holding transmi tter power

constant and lowering the transmitter frequency from 300 Khz to 176 Khz or less .

In the same manner shorter site spacing may be operated at higher frequencies .

Due to the sky wave interference problem , a 100 mile minimum range has been

established as the upper bound of beacon range . This bounds the beacon range

between 23 and 100 miles .

The FAA and Canadian Ministry of Transport require that 70 micro-vo lts

per meter as the minimal signal level for non-directional beacon coverage. The

I.C.A .O. recomendation is 50 micro-volts per meter as the minimal signal . NAUTEL

based on their Canadian experience recommends the use of the I.C.A.O. standard

due to the noise levels found in Northern Canada. To insure a safe operating

marg in , we have selected the FAA/MOT standard .

Assumi ng a poor soi l conducti vi ty of 2 millimhos/meter , the radiated power

required at a frequency of 300 Khz to provide the 70 micro-volts per meter at

100 miles is 90 watts. Figure 3.3-6 shows the radiated power required as a

func tion of ran ge.

NAUTEL produces a series of Non Directional Beacons (NDB ) with transmi tter

powers of 25, 62.5, 100, 250 , 500 and 1000 watts. These may be contined with

a series of vertical mast antennas wi th “top hat” capacitive loading structure ,

with heights of 60 feet , 90 feet, and 120 feet wi th corresponding differences in

antenna efficiencies . Table 3.3.~7 is a matr ix of the radi ated power and range

for the 18 possible combinations . Using the data from Table 3.3-7 and the

prime power requirements for the six transmi tters the trend In beacon prime

power vs range was established and plotted in Fi gure 3.3-7. On the same basis

the trend of the acquisition costs vs range are plotted in Figure 3.3.8 .
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Based on Figure 3.3.8 the lowest cost combinations all use the 120 foot

antenna . The same is true for the operating costs as the lowest prime power, from
Fi gure.’ 3.3—7 , occurs when us i ng the 120 foot an tenna .

Selection of the minimal , 23 mile range, beacon transmitter wi 1l require

a back-up transmitter to insure beacon coverage. The beacon system would consist

of dual NAUTEL ’s NS 100 BA/D transm itters w ith a PA 1208 Poles tar an tenna , and

specialized transmitter switching circuitry . The acquisition cost of this system

would be $20,000.

Extending the range of the beacon system to 46 miles would establish dual

beacon coverage along the enti re line . This would elimi nate the need for re-

dundant transmitters , for should a transmitter fail the beacons at the adjacent

sites may be used to navigate to the site. This beacon configuration would

cons i st of NAUTEL ’s NX 400 BA/D transmi tter working into a PA 120 B Polestar antenna

at an acquisition cost of $17,000.

Implementi ng the longest range , 100 miles , beacon system woul d cons ist of

a NAUTEL NX 2000 BA/D transmi tter at an acquisition cost of $23,500.

Operating the beacon network under the basel i ne assumpti on that the beacons

will be operational only for helicopter flights servicing the line , the life

cycle costs will favor a non redundant 23 mile system with an acquisition cost

of $15,000. In practice it is anticipated that there will be a requirement to

have the non—directional beacon system operational on a 24-hour basis. The cost

of providi ng this service , us i ng the 46 mi le system , w i ll  be $1 ,050,000 for the

83 stations over a twenty year period. This additional cost may be reduced to

$502,500 by using the 23 mile system on the 24—hour basis due to the lower

prime power recluirement. In conclusion the 46 mile beacon system is recommended ,

even for full time operation based on safety considerations .



3.3.4.5 Beacon Commun ica ti on Backu p Al terna te

A cursory exam i nation of emp loyi ng the Low Frequency Beacon as a backup

to the communicati on network , tentativel y established the feasibility of this

scheme . The procedure postula ted , is intended for use only in case of a national

defense emergency . The advan tages of the scheme are low cos t, and minor impac t

on station design. The scheme was generated primarily as a backup to the earth

satellite communication network as it was felt that the earth satellite was more

susceptible to intentional interference , but the scheme is applicable to line—

of—sight if desi red. The ground rules that were established for this mode of

opera tion are as follows :

1. Primary communication system is earth satellite .

2. A national emergency condition exists .

3. Both satellites have been purposely destroyed , or are being

intential ly jammed.

4. Frequency alloca tions may be disregarde d .

5. A speci al i zed beacon w i ll be prov ided .

6. Restricted data flow is acceptable.

The basic prob l em in using the low frequency beacon for transmission of

communication data is in obtaining sufficient bandwidth . The most restricti ve

element is the bandwidth of the antenna system. This may be overcome , by

increasing the transmi tter frequency to the 1 to 1.6 Mhz band . Using the NX 400

transmitter and PAI2OB antenna a 16 Khz bandwidth at a carrier frequency of

1 Mhz may be obtained . At the upper end of the band , 1.6 Mhz , a 31 Khz bandwidth

Is available. With a transmi tter power of 100 watts , a minimum signal strength

of 8.5 micro—vo lts per meter will be obtained at a range of 40 miles using 1 Mhz

carr ier , and a minimum signa l strength of 6 micro—volts per meter at 1.6 Mhz.

This Is based on the same soi l conditions used in the beacon calculations .
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Increas i ng frequenc y whi le el im i na ti ng the techn i cal pro b lem , crea tes a

jurisdictional problem in that transmission in the broadcast band is required .

Broadcasting at the power levels stipulated , in the sparsely populated regions

effected, should not cause an interference problem with users of the broadcast

band. As it is a violation of the frequency allocation , broadcast on these

frequenc ies should be res tr icted to use onl y i n an emergency situa tion where an

iminent or active attack is occurring , and the primary comunication system has

been disabled .

An exami nation of the station data requirements shows that tQ communicate

all the data, without a voice channel , requires 1100 bits per second from the

station to the node and 140 bits per second from the node to the station . The

radar and 1FF data requires 800 bits of the 1100 allocated . This may be reduced

to 600 bits with no loss in information . If the radar arJ 1FF data is outputted

once every two scans , the data rate may be dropped to 300 bits per second . The

total messa ge loa d, which translates di rectly into the bandwidth , is dependent

on the compromise of the minimally acceptable data rate, the amount of station

status information that must be transmi tted, and how many stations are serially

reported to a manned node. With a 16Khz bandwidth it should be possible to

transmi t all data at a 4 second refresh rate, to and from 10 serial stations

on either side of a manned node , or 20 stations in total . A special program would

be i ncorporated in the station controller to change the beacon frequency , and to

handle data reception , storage, formatting and transmission .

In terms of the equipment design , a modified beacon transmi tter and

antenna tuner unit would be required. The modification would be required . The

modificati on would be of a minor nature as both devices are inherently capable

of operating at the frequencies and powers specified . The only new equipment

requ i red woul d be a low frequency rece i ver an d assoc iated di rec tional rece i ve

antenna system.
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Transmi tting the data back from the nodes presents a major prob lem area .

An obvious solution would be the retention of the existing troposcatter system

as a backup. This could be implemented using modern equipment or the existi ng

equipment. A second possible soluti on would be the use of dedicated aircraft

for each node duri ng the emergency period. The aircraft would fly over a

designated area in Southern Canada , and function as a relay in place of the

satellite . A third possibility would be time or frequency shari ng of the Trans—

Alaska Pipeline microwave system, and the new microwave relay that is proposed

that spl i ts the center of Canada . Finally other techniques such as h.f. radio

should be investigated as node to rear element backup systems.

Our exami nation was not in detail , and this technique is primarily offered

as a task requiri ng further investigati on , as part of any forthcomi ng comunication

study .

3.3.5 Security System

The Station Securi ty System is primarily discussed in the Station Architectural

Section. Table 3.3-8 is a sumary of intrusion security .

In terms of prime power load the security system will draw 5 watts for the

fire alarm system and door interlocks in the alert condition . The maximum load

when the fire extinguisher and audio alarm system, or the audio and visual

intrusion warning system is activated is 40 watts .

3.3.6 Comunication

The station communication equipment is discussed in the communication

consideration section of the study. The major impact that the overall station

design has on the communication network is the message traffic load required

by the station , which will be exami ned in the following section .
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3.3.6.1 Station Message Load

The baseline station message load shown in Table 3.3—9 defines the messages

to be communicated between man nodes and the unattended stations . As part of

the study task the individual message requirements were investigated and are

discussed in the follow i ng section .

The radar message contains track data on one of the twenty targets that

can be processed by the radar. The report con ta ins pos iti onal an d veloc ity

information on the target. Table 3.3-10 breaks the message down into its elements,

the numerical size of the element, the rational for the number, and the number

of bit s of message requ i red . A comp le te radar messa ge on a tar get con ta ins 58

bits . In similar fashion the 1FF message for a target was structured and the

resul ts are shown in Table 3.3—11. As both messages carry redundant data on

range , azimuth , track number, etc., combi n ing messa ges woul d reduce the number

of bits to be transmitted .

A composite radar and 1FF message structure Is depicted in Table 3.3-12

The f i rst por tion carr ies the ran ge, azimuth , data for both radar and 1FF , in

additi on to velocity and heading . The 1FF portion contains required code data

for modes 2, 3/A, C, and 4. In the message l abel the content of the message,

as to whether it contains only radar, only 1FF , or the combi nation will be

provided. Additional information on the 1FF coding will also be contained in

the message label . Mode 4 operation for the unattended system, if required ,

presents a problem area. The coder-decoder is classified equipment and may not

be physically located in an unattended area. To operate mode 4 from the manned

node requires storage of data , or non real time operation of this mode . To

accomplish this a development program will have to be undertaken . Although pro-

visions for including in our message structure has been made it is our recom-

mendati on that mode 4 be elimi nated as an 1FF requirement for the unattended

station.

3—150



-J _J
0 - L U

2: — — — — — — — N-

—J <
-J =
= C-)
U-

-J
O
I-
2:
0
C—)

O I- ~~J _J _I < _J _1
-J < < < < I- < <
LU 

~~~

LI) ~~- > ~~LI) .
~~~ 

C_)
LU —

o oC.)

LU I-

00 I- LI)
~~ LI) LI)

LU LU

2: 0 ~~
— 2: 2:

I- C.) 0
LI) 0 I- -J

C.) <~~ <00 2: 2: 0
C < Z I-

C.) = 2:
2: I-

C.) I- 0 ~~~ 2: 2:U- < < LI-I — >~~<
I- ~~I— LI) 2: < ~~ C.)0 ~~ — LU

=< < CD ~~~~~ I-
LU ~~< <0  ± LU

~ C.) L~ w —

• • • • • S •

3— 151

- -- - - ---- - —~~~~~~~~ -- -— --~~~~~~~~~~ --- -~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -~~~~-~~~~~ - -~~



~~~~~~~~~ - - -

(ii
I-
00

I-~ — L(\ 00 ~~ ~~ 00 L(\ C~J Q~ 00
LC\

LU
(D LI)

I— 0

LU LU
~~ + 1  (~~

2:~~~~ C o

— -~~~~~~ C.)

C.D _ — c~ ~~ + I
I—, < LI) ~~ > + I > > >~~i LI) j < ç) C.) C-.)N~~~~LI) <~~~~~ 

LI)
- L U

~~ O O~~~~~~~~ =LU ~~ I- ~~ C.)
-J < < -~~ ~~~~~ ~ C.) < C.) C.) ~
~~~~~~~~~

LU
C.)

(D
2:

I- 0
__J >- -i- LI) 2: LU
0 I- - = ~LU ~~~ 0 LU

I C.) ~~

2: I- ~~ > < I- = =

3—152

__________________________ 
“-~~~~



_ _ _ _ _ _ _  - - -_
--~- -~--—~~~

LI)
I-

00

— Lt\ 00 ~~ ~~~ Lr\ ‘0 — — C’~i C’J — C~J 00
— — — — — — 0~

LU
‘-I C.,

- (/)
~~ LI)

LU

-J
00 U-

U-
I- —

LU

LU 00 2:

O
I (D ~~ , LI) LU LU LU LU LU LU

— 2: — LI) ~~
~~ < < M ~~~~~~~ W 0 0 0 0 0 0~~~~~

• 0 5 S• . • S • S  O S S

3—153



V.,
I-

1 0 0
IJ_%

-~ c’.i 2:
I 

— C
C.)
LU
LI,

I-
00

(D

C~4
C’) II

2:
0

UJ~~~~~ C..)
LU
LI,

0
C.,

II
(I,
F--
—

LU C.~00 I- 2:
— C~sJ
0-

0 w
LI) C.)

=
U-
— I-

• S S S

3— 1 54

~ 



~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ---- - —--- - - - ~~~~~~~~~~~ - —

The Radar/IFF message for up to 20 targets should be outputted every 4

seconds, which is the frame time of the radar. This will require that 20 x 120

bits be transmitted every 4 seconds, or a rate of 600 bits per second . To allow

for growth, a figure of 800 bits per second was used in determining fi nal message

load.

In addition to remoting the data, or Radar/IFF status an d con tro l message

mus t be prov ided for. The actual structure of th is message i s heav i ly depen dent

on the hardware to be used and has not been detailed as part of the study. A

100 bit per second rate has been assumed based on an estimate of the radar pro-

posed in the Genera l Elec tric Study.

Status and control of the prime power, switchgear, envi ronmental control ,

security system, and lighti ng are handled by a comon status and control message .

A major portion of the message is the performance monitoring that is detailed

in Table 3.3—13. A total of 100 bits per second has been allocated for the

total common status an d control message.

The weather message was given In Table 3.3-5. Additional information on

the status of the weather station will be required in addition to the data

message. The control and status of the radi os, an d low frequency beacon mus t

also be structured . The total al location for the weather station and NAVAIDS

is 100 bits per second.

A single voice channel will be sent from the ground to air radios , or

station i ntercom on a time shared bas is. Shoul d vo ice commun ica tion be reques ted

on more than one rad io, or ra di o and station i ntercom , an indicator will be

illumi nated at the manned node notifying the operator.

The signa l from the manned node to the una ttended station is pr imar i ly a

voi ce channel that is time shared between the radios , low frequency vo ice channel ,
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an d station i ntercom. In additi on 10 b i ts for common status an d con trol , 10

bits for weather and navigation , 10 bits for radio control , and 100 bits for

Mode IV 1FF input data have been allocated .

The normal traffic l oad will at times be time shared with diagnostic or

speci al performance mon itor i ng func tions , but the total station load will be

maintained at the 1100 bit per second rate from the station to the mode. Their

will be an increased load from the node to the station during this period .

The composite traffic requirement established , is given in Table 3.3-14.

3.3.7 Station Con troller

The station controller will consist of one or more microprocessors . The

following are the primary function of the station controller.

o Station housekeeping

o Remote control command decoding

o Equ ipmen t power up/down on node comman d

o Priori ty arbi tration (message & bus)

o Data formatting & transfer

o Buf fer stora ge loa di ng

o Parity bit encoding

o Parity bid checking

o Performance mon itor i ng

o Fault monitori ng and reporting

o Diagnostic trouble shooting and reporting

Station housekeeping functions such as turning on the weather station for

hourly reports, turning on obstruction lights at night , turning on the environ—

men tal b l owers when the ambi en t tempera ture warran ts are typica l tas k to be

performed by the station controller.
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The controller will also be the interface between the command signals

received from the manned node by means of the communication system, and the

station equipment. In this capacity it will select between the UHF Radio,

VHF Radio, L. F. Beacon , or audio system for routing voice communication . It

will turn on and off specifi c equipments such as the Diesels , lights , T.V.

camera, and pass on Radar and 1FF comands .

Data formatting , buffer storage, message pri oriti zation , message decoding

and interfacing with the communicati on system will also be accomplished in the

station controller. Figure 3.3-9 Is a functional block diagram of the station

con tro ll er.

The final function to be performed by the controller is performance

monitori ng , fault detection , and fault location . It is envisaged that the read

only memory will contain some diagnosti c programs that may be called upon command

from the manned node. More detailed diagnostic programs may be transmi tted to

the site by the comunication network for storage in the random access memory,

and execution by the processor with the results communicated back to the manned

node.

During a maintenance visit , a keyboard and printer have been included as

station equipment, to allow maintenance personnel direct access to the station

controller , and back to the computer at the manne d node. The ma i ntenance w i ll

be able to call up station programs , programs stored at the manned node, as well

as programming in their own programs or checks to facilitate maintenance and

decrease on site time.

Specifi cally the station controller will provide control in the following

functional areas.

Weather Station

o Schedule hourl y wea ther messa ge program

o Power up/down sensors
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o Da ta sequenc i ng and transfe r

o Message buffer memory storage

o Weather message formatti ng

o Initiate sensor tests on node command

o Report on sensor tes ts

o Power up/down T.V. camera

o Buffer picture data

o Format and output picture data

NAVAIDS

o Power up/down obstruction lighti ng on node command

o Power up/down rotati ng beacon on node comma nd

o Power Up/down helipad lighti ng on node command

o Connec t vo ice channel to radi os , L.F. Beacon , or au di o

o Faul t mon itor

o Initiate diagnostic programs

Environmental Control

o Power up /down env i ronmen ta l contro l dev ices

o Monitor environment and provide warning in case of exceeding limi ts

o Fault monitori ng and reporting of failed devices

o Diagnostic trouble shooti ng and reporting

Station Securi ty

o MonLor alarm system

o Report i ntrusion

o Activate anti-intrusio n program including taped voice and lighted
warning signs

o Rese t system as requ i red

o Fault monitori ng and reporti ng of failed devices

Prime Power

o Conuiunicate with prime power controller
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Radar and 1FF

o Commun icate with Radar and 1FF computer

Message Formats

Figure 3.3-10 depicts the internal and external message formats

The station controller will consist of the following equipment

Mi croprocessin g Un it - Motorola 6800

Ran dom Access Memory - 32K bit s

Read Only Memory - 16K bits

Asyncronous Interface Adaptor - Qty. 15 Motorola S6850

VSAAT Ser i al Adaptor - Qty. 2 Motorola S235O

Sensors - As requ i red

I t is estima ted that the control ler i nclu di ng sensors w i l l  not exceed

$10,000 in production , the develo pment an d demons trat ion costs are i nclu ded

in the overall station design and demonstration cost. It is also estimated

that the controller includi ng sensors will draw less than 200 watts.

3.3.8 Prime Power

The basel ine pr ime power sup p ly for the station cons ists of three di esel

generator sets, 5,000 gallons of fuel storage, prime power controller , battery

chargers , starter and storage batteries , uninterrupted power supply inventer ,

env i ronmen tal con trol , and switch gear.

Normally the l oad is carried by one of three Lister ST-i diesel engines

coupled to Lima SER—R self—regulated , brus h less , synchronous al terna tors , frame

size 280 as recommended in the “ERDA 2KW (e) Unattended Power System Study ”

fina l report. The generator provides +10% voltage regulation , and +5% frequency

regulation. The generator efficiency is 80%. Table 3.3-15 summari zes the ST-i

performance capa bi l iti es.
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TABLE 3.3-15

DIESEL POWER SYSTEM CHARACTERISTICS

DIESEL DESIGNATION Lister STIA

Lowest/Nominal/Maximum RPM 1200/1800/3000

Overall Efficiency , percent 25.1

Generator Efficiency , percent 80

Continuous Rating, kW (e) 2.8/4.4

Peak Output Rati ng , kW (e) 4.9

Norma l Ou tput, kW (e) 2.8/4.4

Fuel Consumption , gal/hr 0.336/0.528

Fue l Consum pti on , gal/yr 2943/4625

Lu be Oi l Consum p tion , gal/yr 21

Avai l able Heat, Btu/hr * 12 ,300

* Cool i ng a i r onl y . Ex haus t hea t poten tiall y ava i la b le.
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In the ERDA Power Study it was recomended that two 2KW , and one 10KW

machi nes be used . Th is was based on the need for 10KW of power when ma i ntenance

team is visiting the site . As will be discussed later , the General Elec tr i c

power requirements duri ng maintenance visits is signifi cantly less than 10KW .

This is primarily due to the innovative station architecture that provides only

minimum facilities for maintenance visits . Reducing the maintenance load allow s

two ST— i diesel - generators to handle the maintenance load either in parallel

or wi th split l oads. With three ST-l diesel generators at the station the

reliability of the station is improved as the previous scheme required the

10KW machine to function as a backup to the 2KW mach i nes .

Operating a 10 KW machine , with a 2KW load , is troub lesome due to carbon

fouling of the fuel injector and the combustor in general; and fouling of the

exhaust system. The carbon fouling problem lowers the reliability of the machine.

A second advantage to operating three identical machines occurs in the logistics

and maintenance areas. Finally there is a cost reduction of $1 ,000 per station

when an ST— i is used in place of a 10KW ST—3.

The d iesel w i ll have an electr ic star ti ng motor dr iven by a 12 vol t NIFE

H305 nickel cadmi um battery. The battery will take a 50 amp—hr charge allowing

at l east three consecutive 120 second cranking periods at 20°F. Nickel cadmium

batteries are used due to their superior storage capabilities in cold weather.

Each engine will be equipped wi th a battery charger.

3.3.8.1 Uninterrupted Power

To provide uninterrupted power in the event of catastrophic failure of a

di esel a 24 vol t, 185 amp-hour source is provided. The source consists of a

battery charger, n i ckel cadmi um batter ies , an d an inver ter for conve rs ion from

d.c. to a.c. The time to start, warm up, and bri ng a standby unit on line is

20 seconds to 2 minutes . Full uninterrupted power for 2 minutes is provided

at wh ich time the con troller w i ll au toma ticall y start dro ppi ng loa d to a
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mi n imum l oad of the con troller s , radar memory , secur ity and si ngle sa tell ite

commun i ca tion channel with mi n imi zed transm iss ion. Shoul d al l  di esels be i n

a failed condition the station may remain in the above state for up to 18 hours .

If a helicopter cannot be dispatched and arri ve at the site within this peri od ,

the radar memory and securi ty systems should be dropped within the first hour ,

to extend the low powered state to 24 hours . A reserve of 10 minutes of power

has been provi ded to allow powering of the UHF ground to air radio, beacon ,

T.V. camera, obstruction lights , wind sock light , and helipad lights just prior

to the arri val of the maintenance helicopter.

A reduction in cost of five thousand dollars may be obtained by elimi nating

the uninterrupted power source and replacing it with emergency power for

critical i tems. The three factors that are cri ti cal during power outage are

ma i ntenance of memory, station con trol an d secur ity . The cr iti cal items woul d

i nclude the prime power con troller , stati on con troller , radar processor memories ,

intrusion alarm , and fire alarm . The total power required by this group in a

minimum power consumption configuration is 60 watts. The 60 watts may be obtained

directly from the 12 volt engine generator starting battery. The starting

battery has been rated to allow for six minutes of continuous cranking in three

separate periods . If the emergency power is drawn for nine minutes from the

starter battery, only 0.75 amp-hr of the total 50 amp-hr capacity would be re-

qui red. In the unlikely event that one of the standby diesels cannot be

brought on line , a complete station failure will result. This will require

reprogrammi ng of memories when power is restored by the maintenance crew. The

one other drawback in emergency vs uninterrupted power is the loss in corn-

munication wi th the node during the period of interrupti on . Using uninterrupted

power the manned node may assist in repowering the station , us i ng emergency

power , the prime power controller will have to automatically restore power.
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It is recommended that uninterrupted power be implemented to maintain node

commun ication. Un i nterrup ted power for the commun i ca tion and computers are
proven dev ices , and if the uninterrupted load is kept modest no prob l em is

anti ci pated.

3.3.8.2 Prime Power Control

The prime power station control will be a microprocessor providing the

following functi ons:

o Start diesel genera tor on command or i n the even t of a fai lure .

o Monitor l ube oil pressure and temperature.

o Moni tor output voltage and frequency .

o Monitor enclosure temperature.

o Shutdown malfunctioning engine—generator set.

o Transfer load to battery storage in event of failure .

o Start, warmup, l oad and monitor backup generator on command .

o Mon itor curren t flow i n branc h loads .

o Mon itor an d control overloa d .

o Close and open ci rcu it breakers on command or to prev en t fa il ure .

o Synchronize two generators.

Figure 3.3-11 is functional block diagram of the prime power controller.

The microprocessor w i l l  cons ume 15 watts, the six A/D converters require 25 watts,

the sensors multip lexers , dr ivers , require 20 watts. The total control load

incl uding power supplies is 100 watts .

Station power control will be provided by the switchgear shown in Figure

3.3-12. The ci rcuit breakers used are General Electric AK-2-15 motor driven

relays. The stored energy closing mechanism utilizes energy stored in spri ngs

to close the breaker contacts. A small universal motor dri ves a gear reducer

unit, and the output of this unit charges the closing springs through a charging
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crank and cam. The ci rcui t breaker is acti vated on conii~and from the prime

power controller. A second set of spri ngs is used for tripping the breaker.

The prime power control load is broken down in Table 3.3-16. The

environmental control load of 200 watts controls the ducti ng as discussed in the

ERDL Power Study. The full time load for the controller alone is 100 watts . A

peak intermi ttent load of 440 watts is the maximum that may be seen by the

generator. It consists of the power controller, environmental control , and

either one of the charger or the switchgear. The prime power controller will

mon itor generator l oad an d onl y i f energy is ava i lab le w il l the char gers and

switchgear circuitry be placed on the generator.

3.3.8.3 Station Prime Power Load

The prime power l oad for the station is given in Table 3.3-17. The prime

power control , stat i on control , and weather station individual l oads have been

previously discussed . The communicati on load of 470 watts is based on the use

of satellite communication. Should mi crowave radio line of sight communication

be used , the load would decrease to 340 watts. This is offset by an i ncrease

of 118 watts in the NAVAID load to power the mi crowave tower obstructi on light.

The effective load for the microwave would be 458 watts , therefore the 470

watts l isted i s represen tative of either case.

The NAVAID load of 1020 watts, consists of 720 watts for the Low Frequency

Beacon , an d 300 watts for the UHF and VHF Transce ivers i n the rece ive con diti on.

A peak loa d of 1320 watts occurs when transm itt i ng on either the VHF and UHF

ra dios.

The security load consists of the fire alarm and intrussion alarm systems.

The upper bound of 40 watts is based on the intrussion alarm being triggered ,

and the audio warning system acti vated. The normal l oad is based on the alarm

systems in alert status.
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Sum i ng the f i rst column , the full time station load is 3100 watts. The

peak l oad as shown by column two is 4215 watts . This figure may be reduced to

3940 watts if desired , by not allow i ng all  overloa ds to occur at the same time.

This may be accomplished by scheduling the prime power and station controllers .

The final co l umn, maintenance load , may vary from 6,300 watts to 8,680 watts .

A break out of the maintenance load of 3,000 watts to 4,000 watts is further

detailed in Table 3.3-18.

3.3.8.4 Prime Power Generation

Radar an d 1FF pr ime power i s the domi nan t power requ i remen t. The 1,000

watts used , is an average figure established from the results of the unattended

radar studies wh i ch ranged from 600 watts to 1500 watts . This is also approx-

imately the figure established by General Electri c in our radar study . Assumi ng

the 1500 watt figure the norma l load would rise to 3,600 watts with a peak load

of 4,440 watts.

In the ERDA Power Study it was proposed to use the Lister Diesels at

1 ,200 RPM which would develop 2.8KW at full load. This is 300 watts less than

the figure required from the power budget of Table 3.3-17. By changing the

speed of the diesel to 1 ,800 RPM the output power may be increased to 4,400

watts at full load. For proper performance of the diesel it is recomended that

it not be operated below 3,100 watts to prevent fouling of the injectors . Should

the machine be operated below 3.1KW for an extended period of time , the carbon

may be cleaned out by loading the machine up to ful l load for short programmed

peri ods. The maximum one hour in twenty-four overload rati ng is 4,800 watts .

The ST-i operated at 1 ,800 RPM appears to be an excellent match to the load.

Should additional power be required as the design matures , this may easily be

handled by increasing diesel size. The ST-i is a single cylinder diesel , the

ST—2 is a two cylinder diesel only slightly larger , and the ST-3 a three
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cylinder machine which is larger again. The power capabilities of the three

machines at 1 ,200 and 1 ,800 RPM is given in Tables 3.3-19 and 3.3-20. Figure

3.3-13 displays the same Information graphically.

The major impact on increasing power load is fuel expenditure and fuel

storage. Figure 3.3—14 shows the fuel expenditure in gallons as a function

of power in kilowatts for the different machines , operating a 1,200 and 1 ,800

RPM. The ST-3 at 1 ,200 RPM was deleted as its information is redundant. The

curve shapes reflect a change in efficiency wi th load. Also shown l~ a dashed

curve which displays the general slope of all the devices which is 0.12 gallons

per kilowatt. Using the 0.12 gallons per kilowatt the year fuel consumption

as a function of power demand is shown in Figure 3.3-15. Also noted on the

figure is the norma l station load of 3.1 KW which results in an expenditure

of 3,260 gallons per year.

The proceeding calcul tion is based on the generators operating at peak

efficiency . If the 70% points of Figure 3.3-14 are used to determine the slope

of fuel consumption vs. power demand , a higher consumption per kilowatt will

occur. In field operation it is also to be expected that the machines will not

operate at peak efficiency during the entire period between maintenance visits.

Using a 0.15 gallons per kilowatt , to account for intermittent peak loads, and

l ower efficiency, an annual station consumption of 4,000 gallons is derived

and should be used in place of the more optimistic 3,260 gallons.

The average cost of fuel delivered to the station is $1.33 per gallon in

1977 dollars. The cost of the 4,000 gallons is $5~320, which is also shown

on the right axis of Figure 3.3—15.
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The ST series of diesel are designed for operation at 1 ,800 RPM and the

reliability figures used are representative of operation at 1 ,800. Operating

the machines at 1 ,200 RPM should result in some improvement in reliability but

this has not been substantiated by field operation . In the case of operati ng

at 1 ,800 the U.S. Coast Guard has demonstrated the reliabil4ty figures used .

Mai ntenance power may be obtained by bri nging a second diesel on line . The

two diesels will provide from 6.2 to 8.8KW with a 10% overload capability of

9.6KW . As the predi cted load is between 6.4 and 8.7KW the match of power

availa ble to power demand is excellent . Table 3.3-21 summarizes the power

balance for both the normal and maintenance cases.

3.3.8.5 Minimum Power Load

If beacon, radio, and weather services are provided only when a maintenance

aircraft is dispatched , and a VHF radio is not provided , the station load may

be reduced. This minimum station power load is shown in Table 3.3-22. The

reduction of 1 ,075 watts in full time load is due to el imination of 1 ,020 watts

for the NAVA IDS and a reduction of 55 watts for the weather station . The 50

watts shown for the weather station is for poweri ng the sensors to keep them

from freezing or icing. The peak loa d is also reduced by 1,475 , watts based on

elimination of 1,320 watts for the NAVAIDS , and reduction of 155 watts for a

‘weither ”�tation. -

To faci litate maintenance visits, a 25 mile beacon system consisting of

a Nautel NX—100 BA/D transmitter, and a PA 120 B Polestar antenna wi ll be

employed . The range of this beacon is 25 mIles, and it will consume 180 watts

of prime power. The weather station and VHF radio will also be powered up

prior to maintenance visits . To obtain this power a second diesel must be

brought on line . During the visit the station must operate under a reduced

maintenance load of 2,500 watts , compared to the 3,000 to 4,500 watts provided
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previous ly. The total maintenance load with all equipment on is 5,990 watts.

Thi s normall y wi ll be reduced to 5,205 as when the crew is on-site the NAVAIDS

and weather station need not be powered .

To provide power the ST-i will be operated at 1 ,200 RPM. This will provide

from 2KW at 70% of load to 2.8KW at full load. These figures are within the

expected load of 2 to 2.7KW . Using two machines the 70% point is 4KW wi th a

full load capability of 5.6KW. The range of the load expected is 5.2 to 6.0.

The 6KW load is wi thin the 6.2, 10% overl oad capability of the machines , and

as the NAVA IDS and weather station wil l not normally occur at the same time the

2.5KW mai ntenance load occurs no problem i s anticipated.

The worst case load situation of operating the di esel at 1 ,800 RPM , with

a load of 3.1KW , was used in determining fuel consumption and costs in the study .

Should minimum power be implemented the fuel consumption is reduced to 2,660

gallons at an annual cost of $3,540 based on $1 .33 per gal l on delivered to the

unattended stations.

The weight of the station prime power components is given in Table 3.3-23.

The unit cost is given in Table 3.3-24. The program costs for development,

demonstrati on , producti on and installation is given in Table 3.3—25.

3.3.8.6 Alternate Power Sources

Al ternate power sources such as Brayton converters , Stirling converters,

Organic Ranki ne either usi ng fossi l fuel or nuclear were inves tigated as were

thermoelectri c and fuel cells. Based on twenty year life cycle, the decision

arri ved at in the ERDA Power Study , that these alternative power sources are

not economical was found to be valid. This is due to the low investment cost,

the low development cost, and low maintenance costs of the diesel. The high

cost item for the diesel is fuel. This cost has been minimi zed, by minimizing

the cost of transporti ng to site .
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Natural sources such as solar and wind energy were also investigated

and are reported on in the following section.

3.3.8.6.1 Solar Power

The average daily value of solar radiation along the DEWL1ne is 200

langleys . This measurement takes into account such factors as atmos pheri c

absorption, reflection , sun angle, etc. A maximum radiation of 600 langleys

occurs i n June prior to the sumer sols tice , and the min imum of near zero i n

December prior to the winter solstice . The 200 langley figure is equivalent

to 2.3KW per square meter per day.

Conversion of this light energy to electri cal power is best accomplished

by solar cells. Even then the process i s not very efficient, as only 10% of

the light power is converted to electrical power using conventional silicon

solar cel ls. The suns energy as received by a stationary array of solar cells ,

is cyclic, requiri ng batteries to store the suns peak energy in order to smooth

the power available to a load. To develop 3.1KW over a 24 hour period requires

a 7,000 square foot array using a very favorable assumption that the 200 langley

are uniformly displaced over a 12 hour period . The 7,000 foot2 figure in

reality should be i ncreased to account for the cyclic nature of the sun. Based

on a cos t of $150 per square foot for conventional solar cel ls , the cost of a

7,000 foot2 array is over a million dollars . This is a cost of $1 .93 per

killowatt compared to an acquisition and operating cost of $0.28 for the

diesels. Based on this ratio of costs, it i s clear the solar power i n the

Arctic is expensive.

3.3.8.6.2 Wind Power

The mos t attracti ve natural energy source is wind power. As found by the

ERDA Power Study the vertical axis wind powered turbine, has significant design

and operational advantages over other designs due to system simplicity , high

efficiency , and non dependence on wind di rection.
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Data summary of the average wind velocities for Alaska and Canada have

been extracted from the ERDA Power Study and are given in Tables 3.3-26, 3.3-27,

33-28 and 3.3-29. The overall summary for the 77 l ocations is 10.07 mi les

per hour. This data has been refined in Table 3.3-30 to stations more appropriate

to DEWL1ne locations for an average at 11.7 miles per hour or 1OKTS . Figure

3.3-16 is a plot of the percent of time the wind exceeds a given wind velocity

for an average wind velocity of 1OKTS .

The Vertica l Axis Turbine (VAT) line that was primarily investigated , is

Bri stol Aeros pace Li mited of W inni peg , Canada . Unlike ocher VAT ’s the Bri stol

line employs a unique aerodynamic self-starter using a Savonius turbine on the

inside shaft instead of an electri c motor. See Figure 3.3.17. Power is primarily

developed usi ng a Darrieus turbine . Figure 3.3-18 is a picture of a 2 bladed

turbine that is poweri ng a weather station located on an ice-pack in the Beari ng

Sea. For speed limi ting , the systems employ the use of aerodynamic flaps which

deploy at 25KTS and then limi t the speed increase of the wind turbine . The

overall system is designed to withstand gusts up to 100KTS .

The verti cal axis turbine does have a problem with icing conditions . Due

to the characteristics of the blades icing will cause the turbine to stop and

freeze up. This does have the advantage however of protecting the turbi ne

from imbalance and vibration problems . The Bri stol turbine on the Beaufort Sea

has been operati onal over a peri od of 16 months which would indicate that icing

although a problem has not stopped the machine from providi ng reliable service .

During periods of freeze up the diesel will be available to provide power.
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The power avai l able from the wind varies as the cube of the wind speed .

Equation 3.3.2 is the power output in KW as a function of turbine size dnd wind

veloc ity for the Br isto l turbi nes .

~KW = 12.88 x 10~
’ 

- D2 
- V 3 Eq 3.3.2

where

= Power in Killowatts

D = Turbine size in feet

v = Wind velocity in knots .

Figure 3.3—19 is a graph of the power output in KW vs wi nd velocity for

four sizes of turbines proposed by Bristol . Table 3.3-31 gives the performance

specifi cations of the four turbines. Figure 3.3—20 combines the wind probability

given in Figure 3.3—16 with the power output as a functi on of wind to develop

the power output as a functi on of the time the power output is exceeded . Power

for heati ng the diesels to maintain their temperature and the fuel storage at

35°F has been included in the calcula tions . Integrating the curves , the 15

foot turbine will provide power 11% of the time , the 25 foot turbine provides

power 23% of the time , and the 50 foot turbine provides power 46% of the time.

Assumi ng that the average wind velocity of 1OKTS occurs at a height of

30 feet , or the average height for the 50 foot turbine , some advantage may be

obtained by increasing the base height of the turbine . Placing the 50 foot

turbine on a 100 foot tower, wi l l  increase the center height of the turbine to

130 feet. Using a standard temperature lapse rate , and wind sheer associated

with a 1OKT wi nd , the wind velocity at the 130 foot level will be 12 knots , or

a 19% increase. The addi tional height is not recommended , as the cost of

installati on on a rigid tower 50 foot high capable of supporting the turbi ne is

not justified .
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Combining the wind turb i ne with nicke l cadmi um storage batteries will allow

the high power capability at the higher wind va l ues to be stored . Assumi ng that

a peak level of 3 times the normal power consumed woul d be stored , a 3 day
supply of 2,500 amp-hours battery capacity wo uld theoretically allow calm of

less than 8KTS for 3 days . The cos t of controls , batteries , and battery charger

is $85,000 .

A surprising feature of the DEWLine wi nd pattern , reported by the

Meteorological Branch , Air Services , of the Canadian Department of Transport,

in the peri od between December and Apri l is the large percentage of calms

reported at most stations. Calm conditi ons occur almos t 30% of the time at

Isachsen , Mould Bay , Eureka , Resolu te, and Frobisher Bay and 45% of the time
at Alert . -

Assumi ng that a 3-day supply would allow operation 100% of the time the

cost per killowatt in 1978 dollars is $0 .29 . This is 9 cents per killowatt

higher than the diesel generators. Without the storage capability the price

drops to $0.28 per killowatt or 8 cents higher than the diesel . This is based

on a cost of $75,000 for an installed production turbine including a wri te-off

for RDT&E.

Based on discuss ions w ith Dominion Alum inum Fabri cators of Toronto who

are presently manufacturing 50 foot and larger wi nd turbines , Cana di an Energy

Conversion Industries Lts . of Burnaby , British Columbia , and Br istol Aeros pace

of Winnipeg the technology is rapidly evolvi ng and wind dri ven turbines are

becomi ng established . This will hopefully also lead to lower future costs .

A parti cularly interesting area of research is being conducted by Dominion

Aluminum Fabri cators who are working on systems that couple directly into the

diesel generator mechanically. This and other developments should be closely

tracked and a final power source decision made at the time of station design.
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Based on the higher costs of the wind turbine , 8 cents per killowatt hour ,

the use of a wind turbi ne cannot be justified, and was not recomended. Thi s
decision is somewhat arbitrary if the fuel crisis or the inflationary trend in

fuel is considered . Assuming a 6% yearly i nflationary rate for the next 20

years the average cost of fuel would be 40 cents per killowatt , wh i ch woul d mean

a savings of 11 to 12 cents per killowatt hour. This would be reduced some by

logisti c and maintenance costs, but would still make the turbine an attractive

dev i ce.

3.3.9 Total Energy Considerations

Primary in developing a total energy plan is the judicious use of the

heat energy by-product developed in the equi pment. To address the problem of

how much heat is required , weather factors such as temperature extremes must

be considered . Table 3.3-32 lists the variation in environment found along

the DEWLine . The -62°F reported is a peak minimum temperature that will last

for only a few hours duri ng the day. Only one Arcti c station in two has a

record low temperature colder than -60°F, and several have never reported tern-

peratures as low as -50°F. These temperature extremes refl ect the moderating

influences of relatively warm water beneath ice-covered channels. At inland

locations in the larger islands well removed from the open or ice covered seas,

l ower temperatures may be ex pected . Bas ed on these cons i derations a safe

design temperature of -65°F has been selected . On the other extreme, a maximum

design temperature of 80°F has been selected. As shown in Table 3.3-32 the

maximum record peak is 88°F.

To allow the use of commercial equipment the temperature range that the

equipment will be subjected to is 35°F to 1000F. In the engine—generator area

the range is 35°F to 125°F.
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The primary source of heat energy is the diesel generator. All the fuel

energy except for that radiated by the radar , 1FF , radios, beacon , communication
and light as r.f. energy is eventually converted to heat. The diesel produces

heat in both exhaust gasses and in direct radiation . Assuming an exhaust stack

temperature of 800°F at a 40 cfm in flow rate, 362 btu per m m .  are going up

the stack. With a recovery efficiency of 36%, 7,762 but/hr may be recovered.

The di rect radiated energy from the diesel and generator will exceed 7,000 btu/hr.

Finally the heat radiated by the equipment group in the radome will exceed

5,360 btu ’s. The total heat avai l able on a conservati ve basis is 20,000 btu

per hour. Table 3.3-33 shows the heat transfer for this case. An insulation

factor of 0.05 was used in the calculations with an infi l tration rate of 0.1

room changes per hour.

An alternate sc heme woul d be to enclose the equipment in an env i ronmental

shell w hi ch woul d be louvered to provide cool ing air in the summer. As there

is no requi rement for access during the unmanned periods the shell may be made

to conform quite closely to the equipment outline • Table 3.3-34 gives the

heat transfer for this case. The 5,360 btu of heat generated by the equipment

is conservative as this is only 1.6 kw of electri cal energy converted into heat.

The 11,527 btu in the generator area is also conservati ve as up to 14,762 could

be made available.

In the manned mode of operation with two diesels on line the btu production

is double, the addi tional heat would be used to bri ng the habitat areas up to

70°F. Table 3.3-35 gives the heat transfer for this case. If the alternate

heat transfer scheme is used , during manned periods the protecti ve shell will

be partially removed allowing full access to the equipment.

Cool ing for all cases is not a problem as the ambient air temperature will

always be low enough to allow natural cool i ng to occur. To insure proper cool ing,

3-208 

-~~~~~~~ -- -,—- .-- -



— ~~~~~~~~~~~~~~~~~
• .  

~~~~~~~~~~~~~~~~~~~~~~~ 

-

LU
LU

t~~ 2 2 o
U.) I- <~~~ 2 =

0
~~~~~ ~— LU ~~~ 0 *

~~ LU 0 v~ &
U.. ~~ LU o

__ 0 .  .—. 0.. ~-~- LU
< LU ‘

~~ Lr’. I— 00 0 I—2 ~ 0

2 ~2 LU < 2 _ & 
_ 

2
— 

~~~
. 0 • ‘  — r* 0 — 

_
_ LU

— I— 0LU 
~~ -J ‘

~~~~ 
— 

~~ 0 -J
LU (‘sj ~O < ~ ~ <= C-)

LU 
~~ 0 C.~ ~~- ~~~~ 

C-)
I-
< LU ~~~ ~~~

‘

~~ 2 2 - ‘

0 Q~~~~~~~~ L U<
LU — LU — LU =I- <~~~ C.)

— LU I- LU U.) < 0 ~= I— ~~~~~~~~— U-
Q LU LU LU < — LU •
LU (~ C~~ ~~ U- C.~ ~~ —

2
I .  0 • S  S .. .

3-209

--- - 5 -  - - - 5- -- - - .  -5 - -~~~ 
-- 5- - -

~~~~~~~~~
- 5-- -— - - - -- - .• — - - - -5- — -- - - - - - - -J



—~~- -  — -5 -  - - -~~ 5- . - 5- ----- - - -~~~~~

U.)

1~- t-
‘0 C~ 00

~~ 00

—~~~~~0— —=

U-
0
8L r’C’4

H

2
L U0  < LU 2

~ < C~~U.)

LU —

0~~~~ ~~ =-J LU ~~ LU ~~
— ~~- LU

< = <
~ 0’ ~LU U.) LU 

—LU~~~~~ 2 2
LU

— LU I- I- LU
< 2

Q L U  LU < LU LU

S .  S S S S

3—210

— -—— --- .. -- ,-- - .-—--- - - —--.- - -5- --

-~



-5----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ---- . —--- -— 

LU

— C’.J ~~
2 2

I- -
—

I-
LU
LU LU

=
2 =

0
=

I-
LU

L(~ < 3..
N LU

2
2o < o

U.) — = 0
-J < C-) C-)

2 0
LU U.) 0

LU C.~2 2 —2 >-
* .)

LU U- LU 0
~~~~ 0 0 —.)

= 2 ~~ 
U-

I- — -J
1— ~~>- <
= *

LU ~~ 0 0-.
LU I- U- 0
I- < ~ 

N.
LU ~~ I- —
-J U.) _ 2

2 - 0
U.) 1 LU — LU ~~I-

8
Lu LU < I- < LU
= ci ~ ci

I S S S . .
3—211

-.. -

~

- -— -_—5--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~. -~~~~~~~



however , a 300 cfm fan will be provided in the Radome and a 600 cfm in the

generator area .

A problem does exist when visiting the site duri ng the cold months .

Heating the air to 70°F will allow it to accept moisture from personnel , when

this air chills it will increase in humidity unti l it reaches 100% and then

condense out on the equipment. To prevent this ,a rapid exchange of air to

purge the station prior to departure will be required. This may be accomplished

by opening hatches, and b lowers i f need be..

3.3.10 Microwave Radio Link Repeater Site

A descri pti on of the Mi crowave Radio Line ( RML) Repeater Equipment is

given in the Communicati on Network Section of this report . The equipments

required to house, power, and control the env i ronment at a repeater site will

be discussed in this secti on .

3.3.10.1 Repeater Site Power and Heat Trans fer Requi rements

The total power required at a repeater site is 300 watts, which consists

of 265 watts for the radi o equipment, and 35 for env i ronmental control , as shown

in Table 3.3-36. To determine the amount of equipment heat availabl e for

environmental control , the 5 watts of radiated rf energ~, is subtracted from

the 300 watts dissipated by the equipment. The resultant 295 watts produces

1,007 btus . To retain the heat the equipment will be enclosed in a 6 foot

high , by 2 foot deep, by 4 foot wide insulated louvered shelter. The insulation

will provide an overa ll “U1’ factor of 0.05. The shelter with closed louvers

wil l require 427 btus to maintain a +350F temperature with an outs ide tern-

perature of -65°F. In summer at 85°F the shelter will require an air flow

of 6 cfrn to mai ntai n a temperature of less than 125°F. This will be provided

by a small fan that Is included in the 35 watts allocated for envi ronmental

systems opens or closes louvers .

3— 2 12



5- 5- —--5- , - -5-- 
_ _ _ _

LU

5 ~i1

LU 
=

I ~

< 

~~~~~~~~~~
U I  

LU

cY\ 00

U.) 

-

2 

< 00 
=

> N.

- — 

N.
00

U.)

LU 

= 

—

LU

LU 

<

0~ 

L~

LU 

— 
. -  _ 

=

— 
= 

— 

~~~~LU

= 
U ’  

U-

LU
-J 

~~~~~~— ~~<

~~~

LU 

LU < LU

0 2 
< 

LU

LU 
0 

> U- ci =

U.) 
< 

C-) 
< U- LU

LU 

=

LU 

< ..~~ LU 
0 LU -J

> ~

- <=

U.) 

— 2~~~-
~~~~ LU

LU

3—213 5-



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 - V V 5 - 5-~

To i nsure fue l fl ow , 600 gallons of fuel wi ll be stored in a heated

insulated fuel tank. Heat will be provided by air circulated from the equipment

area. The fuel tank will be a cube approximately 5 foot on edge with a “U”
factor of 0.05. The heat requi red to maintain the fuel at +35°F with a -65°F

outs ide temperature is less than 580 btus . A second 600 gallon unheated fuel

tank will be positi oned over the fi rst tank with gravity feed . This will provide

a two year fuel supply.

3.3. 1O..2 Repeater Site Prime Power Sources

Possible prime power sources for the repeater site are listed in Table

3.3-37. The diesel and gasoline generators may be elimi nated , as the smalles t

diesel is to large , and the gasoline generator is not reliable enough .

The gasoline sys tem also places the additional burden of using a new and

more volatile fuel than that used at the unattended station .

Thermo electric power generation is an attracti ve power source for a

repeater site .. The device contains no moving parts as ft is dependent on the

seeback effect, which is implemented using thermo couples . By heating one end

of the thermo couple , usually by combustion of a gas in a low temperature

catalyic process , electrical energy is produced. The drawbacks are low power

and high operati ng costs. Normally 100 watts is considered as the maximum

practi cal size to be implemented. Parallel units providing 300 watts however

are available. Based on a fuel consumpti on that is approximately 1.5 times

higher than existing organic Rankine systems the thermo device is not recomended .

The methanol fuel cell is also an attractive power source . The problem is

that this device is still in development as discussed in the ERDA Power Study .

If a future commi tment is made to produce the device, strong considerations

should be given at that time to use it as the repeater prime power source .

Unti l that time the high development cost and risk do not justi fy recommending

this device .
3-214
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Organic Rankine generators at the present time offers the most attractive

so1~ tion. Orma t Systems Inc. of Natick, Mass. has provided a number of these

units to power microwave repeater sites for the Trans-Alaska Pipeline , a

picture of one of these units is shown in Figure 3.3-21 . The units uses a

burner to heat an organic liquid to vapor which drives a turbine connected

to an electric generator. The gas is then cool ed and the condensed organic

l iquid is recycled in a closed loop system. However, the unit recommended is

the Sunstrand Rankine system cited in the ERDA Power Study. This uni t was

selected based on its higher anticipated efficiency which will provide a

significant reduction in life cycle fuel costs . Using the Sunstrand unit it

is estimated that the fuel consumption will only be 36% higher than in the

unattended station diesel system, or 27 cents per kilowatt hour. The annual

fuel consumption will be less than 600 gallons.

An alternate fuel that may be employed -is Strontium 90. The use of

nuclear isotopes to power an organic Rankine generator is discussed in the

ERDA Power Study. Using present fossil fuel cos ts , the use of nuclear fuel

is not justified. In view of the inflationary trend , and fuel crisis,

nuclea r fuel may be judged to be cost effective. A 20 year suppl y of nuc l ear

fuel may be installed as part of the acquisition package. The feasibility

of nuc lear fuel as a source has just recently been establ ished by the FAA in

Alaska in an installation meeting all safety and environmental requirements

in an unattended site .

Natural energy sources in the form of solar and wind were also considered

for the repeater site. Solar was discarded using the same reasoning appl ied

in making the alternate power source determination for the unattended station.
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Win d , as an alternate power source is feasible , and may be justified

economi cally. A 15 foot wind generator will be capab’e of generating the 300

watts over 50% of the time , that is with a wind slightly less than 10 kts. The

cos t of a 15 foot w ind generator from Canadi an Energy Convers ion Sys tems insta l led

is $10~000. The uni t is in production , and requires no development. The power

required over a 20 year peri od period for a repeater site is 52 ,560 killowatt

hours . This is a cost of 29 cents per kw-hr for the 66% of the time wind is

used as the source . This compares very favorably wi th the 27 cents per kw—hr

for the primary organic Rankine source.

System reliability will also be enhanced by providing the turbine as a

secondary source. Reliability of the repeater site has been assessed as being

high enough to warrant no beacon , or weather station at the repeater site.

Towe r obstruction, hel ipad, and wind sock lighti ng will be provided , and mayb e

remotely turned on pri or to the arri val of the maintenance helicopter .

Navigation to the repeater sites may be accomplished using the unattended station

beacons, radar guidance , and visually.

3.3.11 Equipment Status

Table 3.3-38 shows the development status of the major equi pment functional

areas . In summary the equipment for the unattended radar station is available

wi th one noteable exception , the radar. Signifi cant development is still required

to produce the specific radar, and to demonstrate the extremely high reliability

required. The feasibility of such a radar has definitely been established by

totally solid-state, high reliability , soft failure radars such as General

Electri c ’ s TPS-59 and Belgium 3—0 radars, and the results of the “Unattended

Radar Study.”

The other development areas listed are essentially taking known technology

and tailori ng it to meet the specific requirements of the station design. Hard-

ware for all the functional areas except the radar have been identified .
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The concept of unattended operation in the Arctic has been veri fied by the
Canadian Telesat systems , see Figure 3.3-22, the repeater stations for the Trans-

Alaska Pipeline , and FAA navigationa l equipment.

The overal’ production cost of the unattended station is given in Table

3.3-39. The signifi cant cost dri ver in the $975K total is the $482K cost of

the radar. No attempt was made as part of this study to minimi ze radar and 1FF

costs. A conscientous effort was made to minimi ze life cycle costs for the

remaining i tems. This was accomplished by tradeoff studies when possible , and

value judgment when a tradeoff was not feasible. The producti on equipment

costs have not been minimized , as the lowest production cos t does not necessar ily

result in the l owest life cycle cost.

3.3.12 System Safety

System safety was a consideration in all elements of the Unattended

Station Study . The primary effort in terms of safety, was identi fying hazards

and either eliminating the hazard or addressing safety precautions to minimize

the risk.

A list of the hazardous elements i denti fied in the study are shown in

Table 3.3-40 . These elements will require detail attention In any subsequent

development efforts. The list shows the hazard , the severi ty category from

MIL-STD—882A, and candidate protective action to reduce the hazard probability

to levels D, E and F. These levels place the probability ; as “0” remote, so

unlikely, it can be assumed that this hazard will not be experienced ; “E”

Extremely Improvab le , probability of occurrence cannot be disti nguished from

zero; and “F” Impossible, physically impossible to occur. Absolute assignment

of a hazard probability is not prudent prior to desi gn of the station .

Elec tromagneti c radi ation hazards may be el i mi nated entirely once the radar

design is established. Because of the low prime power requirements on the
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- - radar and 1FF the radiated power must also be low , and most probably below

safety limi ts.

3.3.13 DEVELOPMENT TESTING

3.3.13.1 Category 1 - Subsystem Development Testing

All Category 1 testing will occur at either the vendors plant or at the

prime contractors plant, and will consist of the following tests:

1. Critical component testing .

2. Subassently and uni t testing .

3. Selected radar component reliability testing .

4. Environmental testing . -:
5. EMI testing . -

6. Acceptance (performance) testing.

7. Radar reliability testing .

In Figure 3.3-23 the first three items will occur as part of the design

and fabrication cycle. These tests will not require Air Force inspection , but

will be open for Air Force observation if desired . Test i tem 3, and the manu-

facture of three radar prototypes must be undertaken , to obtain sufficient

reliability data within a reasonable period of time if the radar ’s reliability

is to be determined prior to timely producti on release. This is discussed

in more detai l i n General Electric ’s Unattended Radar Study .

Factory testing will consist of test i tems 4 through 6. This will be

conducted by the contractor, but will require Air Force inspection .

One prototype radar will be dedicated to reliability testing at the

contractors plan t, following factory testing, and wi ll be conti nuously tested 
- - - -

up to production release.

The contractor will be required to generate a test plan for each functiona l

equi pment area, which will be defined as a subsystem , with an associated Bi , B2,

3-225

5- --~~~~~~ —--- - --- -- - - - 5- --~-----—--1~ -— --- -- - - - - -  - - -



~~~~~~~~~~~~~~~~~~~~~~~ .=J
-
J___ ___V____ 5-_  —— -— -

~~~~~~~~~~

- - - -  - - 5 -— - - - - ---5- — - 5 -

0
‘-I-

r-..

‘.O

U,
0

LU — LU — Q ..J LU ~-i 0 0—  >- -‘ 0’-’ >- ~~~ >. °~~ ~~ ~~J -~3. ~~ 0. ~~ L) — 3. ~~ L3 I- ~~ I— ~~ 0. ~~ I- I— < LU
~~ ~~ >- ~~ I- ~~ ~~ I— 0 ~~ I- 0 ~~ ~

- E ~~ I- 0 ~~ 0 ~~ ‘I- .~~ ~~~ I— .~~ ~~- y) .
~~ ~

- .~~ >- V) ~~ ~ v, I- < ~O 0 .~ c/) I- 0 I- 0 -J ~~0 U. w 0 U. ~- LU — 0 U. C- LU 3. U. LU 0 U. LU U.. LU 0~-’ 0 LU 0 ~~
C- C- C— — C- -J I- — I- I- ~~ I- I- ~~ I- ~~ C- ~~ -J 0
0 ~8 0 c~ J LU 0 s~ J ~~ a~~ 0. o~ ~~ 3. < 0. .~~
~~ >. ~~ — > ~~ ~~ — >- 0 >~ >- 0 >- J .J  ~~ LU C-
0. Z 0. ~~ ~~ 3. Z ~~ ~~~ ‘-4 ~~~ ~~ Z ~~ — ~~ ~~ -J ~~ .J 0 I/IL)

W 0 ~~ ~~ 0 ~~ (~ <0 I- CD 0 LU W 0 I- ~~ 0 Q < 0<. — ~~~
- .  - — C- - — — I— <- ~~ — C- - 

~< ‘ C- - 

~~ — C- <‘-. C- - — I- - 
— C- I- 0 LU 0

<~n L) <~ fl .J L) 0 <~ fl -J L) L) /I L) 0 Il, L) I- c/I L) I- (/1 C- Cl) < — .J 0
0 LU < 0 LU LU < 0 LU LU < LU < 3. LU < Cl) LU < <Z I- I- LU ~~<0 U. <0 ~~ U. <0 U. 0 U. 0 U. 0 U. I- — I- — c/I L) ~~ 3.LU Cl) (I)

LU 0
C-- 0 0 — I- 0 0
(/1 Z 0 I- c/I ~~CSJ t’) L) 3. 0 r C~J 3.

3-226

—- - -- -5- - - -5- -  -V _ _ _ _  J



or Cl specifi cation . Each test plan will cover the factory test group, and will

conform to the appropriate specifi cation.

3.3.1 3.2 Category 2 - System Development Test and Evaluati on

Two fully equipped prototype stations will be established , as shown i n

Figure 3.3-23. One will be transported , and i nstal led on the DEWL1 ne near a

manned node. The station will be operated as an unattended stati on , except its

performance will be closely -monitored . The manned node will also be modifi ed

to accept data from the unattended station , and will provide all services to

the unattended station in the same manner as anticipated for complete deployment

of the unattended DEWLine .

The second prototype station will be located at the contractors plant and

will be used for station reliability testing , and in assisting in evaluation

of any problems found on the DEWLi ne system. The second system wil l also be

used to prove in the software, particularly the off line diagnostic programs .

Cost for all phases of the test program are given in the preceding Life

Cycle Cost section.
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