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INTRODUCTION

This ﬁpdate of the Program Plan for the‘design and construction
of the Very Large Array P:@gxam reports the progress which has been made
during the last year,.discusses changes which have been made in the previous
plan, and forecasts activities to be undertaken in future years. In addition,
revised cost estimates and commitmént and expenditure schedules are included
and discussed. Sbme sectiohs, suchbas a description of the instrument and
organizational details, are included to make the Program Plan understandable

to one who is not intimately acquainted with the previous Plan.

The CY 1976 Program Plan was based dn‘a funding level of
$12,400,000 in CY 1976 and $13,000,000 in subsequent. years. In March,
$90,000 of additional CY 1976 funding was received; in July, $3,500,000
of transition quarter funds was received; and, in November, a $7,000,000
advance againét CY 1977 was made available so that certain long-term
delivery and key items of the CY 1977 program could be undertaken. This
brought the total ProgrAm fuhding to $44,000,000, including $298,700
disbursed directly by the Foundation for land procurement and the ECAC
study. In the fall, the Program staff was requested to prepare the CY 1977
program based on a funding level of $12,500,00d, a. reduction of $500;000,
and a $13,000,000 level of funding in subsequent yearé. This plan is based
" on these funding levels and forecasts a total cost of $78,152,000, with

final completion late in 1980.

It is the intention of the National Radio Astronomy Observatory
that activities during CY 1977 will follow the detailed Program Plan set
forth. Should unforeéeen conditions arise which require a major shift of
emphasis or changebthe material or data presented in any substantial mannef,

the 1977 Plan will be revised.



SUMMARY

CY 1976 was a transition year between construction and the start.
of scientific operations, during which the VLA first began to operate as an
interferometer; the permanent buildings were completed end occupied, computers
and electronics installed in the Contfol Building, additional wye’trackage
completed, and testing and callbratlon operations began on a regularly
scheduled basis. In addltlon, fabrication and assembly of antenna elements
contlnued, as did the manufacture, assembly, and testlng of electronic
components, and the work in development of the various software programs

for the synchronous and the asynchronous computers.

CY 1977 will see the start-up of scientific operations of the
instrument, using first a six element array, which will increase to ten
elements by the end of the year. Work will continue in the antenna,

electronics, computer, and site and wye areas.



DESCRIPTION OF THE INSTRUMENT

Higher'resolution and sensitivity have always been wajoxr goals
of radio astronomy instrumental development. The general concept of a
very large antenna sYstem that could obtain radio pictures with very high
resolution, sensiﬁivity, and speed was developed in the early sixties.
The initial studies at the NRAQ in 1961 and 1962 led to the detailed design
beginning in 1964. Thé design study was carried out by the NRAQ staff,
with the assistance of a numbker of radio astronomers from otherx institutions,
and it resulted in the Proposal for the Very Large Array (VLA), published
in 1967 (vols. I and II), 1969 (Vol. III}, and 1971 (Vol. IV). '

In order to achieve the required angular'resolutioné, a radio
telescope with dimensions of 35 km (23 miles) is needed. Since a conven—
tional radic telescope having these dimensions is iﬁpossible to construct,
othexr techniques which will simulate such a telescope must be'used, By v
interconnecting several separated, smaller diameter antennas, the information
leading to the desired resolution can be obtained. Many configurations of
the antenna elements are possible, and careful studies of this problem, with
the purpose of optimiiing the use of a relatively small number'bf antennas ,
have resulted in the VLA system, consisting of 27 antennas, each 25 meters
(82 feet) in diameter, distributed along three 2L km (13 mile) arms of an
equiangular wye. All the antennas will be movable over railroad tracks so
that the picture area (field of view) and the resolution may be varied within

wide limits. In this respect, the VLA is the eguivalent of a zoom lens.

Each antenna element consists of a steel structure carrying a
shaped reflector which is movable in azimuth and elevation in oxder to be
able to point to any part of the sky. The reflector structure supports an
aluminum refléctor surface consisting of 172 aluminum panels.. The surface
accuracy and the precision of the drive system permit operation at wave-
lengths as short as 1.2 cm. During operation, the antennas arxe placéd on
observing stations. Seventy-two such stations will permit the four basic

different configurations pYanned for the’array. The antennas will be moved
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'between,observ1pg stations by a transport vehicle; one gsuch trahvporte*

will be avallable in the early years of the Program, runnlng on a double, |
standard gaugo railroad track system. In later years, should Iundlng |
_permlt, it is probable that %&éiééégtiggél transpoxter% will be procured.

A reconflguratlon of the antenna system, using three transportcrs; is
estimated to take twenty—-four hours. When the railrbad tracks aré.ﬁot

used for moviﬁg'antennas, they will be used for_transpartatioh,of’mainténance

: pexscnnel and equlpment.

5 The 1n1tlal operating wavelengths for the gystem,w111 be 21 aw,
6 cm, 2 cm, and 1.2 cm, thh full polarlzatlon measurement capabxl;tles.f

Spectral—-line capabllltles.Lor the array are also belng develapadl-

; Tne central computer system will control the teleecop&q, wonitox
'the system perfornance, and callect and dnalyzn the data. The;system

outputvw111vcon51st of hlgh resolutlon maps of the obsexrved objects.

Power: and teléphdne communicétions bet&een the central site
,compléx aﬁd the obsérving stations will be distributed through buried
- cables. Siénal and local oscillator distribution, as well aé control
and monitor signals of all antenna functionsf'will'be accomplished by

a buried circular waveguide system.

‘ f‘Thé Central.building complex will éonsist;of several buildings.
A 22,660 square fbot Control Building will housg the;contrcl room, central
eleétronic equipﬁent, digitél délay equipﬁent, large'central computers,
- specialized shops, laborétories, and officé space.'-Thxée small., piefab~. 
ricated metal buildings, which total 18,000 square feet, WLll.house | :
maintenance shops, the electronlc and cryogenlc shops, storage facml;t:es,
and office space.v The subcontractor, who will fabrtcate and assemble the -
anuennas, has constructed a 14,600 square root,Assembly'Pulldlng, which he -
will use during hlS contract and which will be avallabla for ldter use for_
antenna maintenance. In addltlon, a 5,320 square foot,Cafetcrla Building
and a giouping of Visiting Scientists' Quérters will be cbnstructed, as
will necéssary site ﬁork, water supply, sewage, electric utility, and

similar facilities.

T
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ORGANIZATION

Program Organization

The NRAO organization is shown on the accompanying Organization
Chart (Figure 2). The VLA has been designed and is being procured as a
program of the NRAO, with the Observatory being its own "prime contractor™
for the job. Overall responsibility for the design and procurement of the
VLA rests with the Director of the NRAO, who, in turn, is responsible to
the President of the Board of Trustees of AUI. AUI, in addition to its
internal Trustee committees, has the NRAO Visiting Committee to assist it
in reviewing and evaluating the performance of the NRAO. The Director has
the NRAO Users Committee, the VLA Advisory Committee, and the VLA Steering
Committee to assist and advise him on VLA matters. A description and the

membership of each of these committees is given in Appendix A.

Within the NRAO, primary responsibility for the VLA design
has been assigned to H. Hvatum, Associate Director. Responsibility for
implementation has been assigned to J. H. Lancaster, Assistant Director

and VLA Program Manager.

Program Implementation

Implementation of the VLA, including the contracting and
managing of all fabrication and construction, is the responsibility
of the Program Manager. This work is being carried out according to
previously agreed upon drawings, specifications, budgets, and time
schedules. The planned Program Management staff is shown on the

accompanying Organization Chart (Figure 3).

On January’l, 1973, the Program was officially begun with the
transfer of fifteen existing NRAO staff members to the VLA. This staff
has been increased since then to the present level of ninety-seven members

as shown below.



CONSTRUCTION GROUP

Antennas
Electronics
Computer

Systems Integration
Site and Wye
Program Management

Totals

OPERATING GROUP

Antennas
Electronics

Data Processing
Array Operations

Totals

COMMON COST GROUP

Business
Fiscal
Facility Maintenance

Totals

1976 Program Present

Plan Forecast Level
12/31/76

Present Planned
Forecast Level
12/31/76 12/31/77

36 38
16 14

20 24

92 97

10/31/76

11 11
47 42
16 14

=y
W i

W

25
111 77
Planned Level

for Operations
12/31/77

l NS EN)

15

Planned Level
for Common Cost
12/31/77

TOTAL PERSONNEL 122



The pro:ected peak constructlon staff shown by Figure 3 has
1ncreased from n;nety—two to one hundred and eleven people scheduled for
12/31/76 This . change prov1ded add1t10na1 staff in Antennas, Electronlcs,
Site and Wye, and Program Management to support activation of the antennas,
installation of the wavegulde, and start—up of the cafeteria at the Site.
An addltlonal change, to be made in January 1977, will be the transfer of
thlrty people from the Constructlon and Operatlonal Budgets to a Common
Cost Budget. ThlS allows the cost of support functions that cannot be
placed entlrely in either constructlon or operatlons to be falrly apportloned
between these two act1v1t1es. Figure 4 shows the projected operational
and constructlon stafflng through 1981 with the Common Cost personnel

apportloned to each staff.
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V. P. Adm, Affairs-C. B, Amthor‘! ,
Controller-Treasurer - C. B. Amthor
Secretary- N, P, Rathvon, Jr.
Legal Counsel-N. P. Rathvon, Jr
Special Assistant - L. J. Haworth

NATIONAL RADIO ASTRONOMY OBSERVATORY
ORGANIZATION CHART

November 1, 1976

AUl

Chairman of Board - C. K. Bockelman

President - G.F, Tape

|

NRAO

Director - D,S.Heeschen

Associate Director - H,Hvatum
Associate Director - D/E.Hogg
Associate Director - T.R, Riffe

[NRAO VISITING COMMITTEE

[ USERS’ COMMITTEE
VLA ADVISORY COMMITTEE
VLA STEERING COMMITTEE

T [ ]
TUCSON GREEN BANK
OPERATIONS OPERATIONS ADMINISTRATION
Assistant Director Assistant Director Associate Director
M. A, Gordon W.E. Howard T.R. Riffe
RESEARCH
BUSINESS TELESCOPE BUSINESS STAFF
D.A, Webb OPERATIONS ADMINISTRATION .
J.F. Crews H. M, Fox
TELESCOPE
OPERATIONS CONTRACTS
B L Ulich BQSINESS N
R.K. Moore J.Marymor
PLANT
MAINTENANCE FISCAL
D.D. Madron D. H. Hovatter
CENTRAL SHOPS PERSONNEL
A. H. Steinemann M. E. Petty

ADMINISTRATIVE
- SERVICES

TECHNICAL

A
SERVICES vt
Associate Director ‘Assistant Director
H. Hvatum JiH. Lancaster
ELECTRONICS ANTENNAS
S. Weinreb W, Horne
COMPUTER SITE
W.R.Burns F. H, Wells
ENGINEERING ELECTRONICS
G.M, Peery A. R. Thompson

BUSINESS

R.E. Dorr

COMPUTER

B. G. Clark
R M. Hiellming

FISCAL

B, F. Blaisdell




-6~

£ oxubry

NATIONAL RADIO.ASTRONOMY/OBSERVATORY
VLA PROJECT ORGANIZATION .
© PEAK STAFFING

NRAC

Director = D. Heeschen
Associate Director = H. Hvatum

VLA PRCJECT

Manager - J, Lancastor .
Deputy Manager - A, Thompson
Asst. to Project Mgr. = R, Mitchell

« |~ Exec. Secretary |

1

| , o . —T

1

ANTENNAS SITE AND WYE SYSTEMS INTEGR: ELECTRONICS COMPUTER ADMINISTRATION FISCAL
8. Clark* * - » '
Ww. Horne F. Wells V. Herrere - A. Thompson R. Hjellming : R. Dorr B. DBlaisdell
3 Engineers 1 Engineecr 3 Tolescope 16 Engincers 10 Programmers 2 Clerks (Site) 1 Accountant
1 Draftsrman 1 Inspector Operators. 24 Tochnicians 1 Technician 1 Contract Admn. 2 Clerks
3 Telescope 1 Custodian - : 3 praftsmen 2 Operators 2 Duyers
Mechanies 1 Maintenance 2 Machinists 2 Mathematicians 1 Clerk-Typist
1 Machinist Mechanie 1 Secretary - 1 Librarian 1 Purch. Clerk
1 Equipment 1 Waveguide . : : (C*'ville)
Operator Foreman Ll staff Services
1 Electrician 1 Mechanic adnmn,
1 Clerk=-Typist 2 Driver-
Messengers
) Storckeeper
1 Clerk
, 3 Guards
11 A 47 16 2 Cafeteria 18
12/01/76

TOTAL SHOW 111

*NRAO Staff Scientists
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NUMBER OF PEOPLE

140

VLA-NRAO

MANPOWER SUMMARY
CONSTRUCTION /OPERATIONS
OCTOBER 3I, 1976

120

100 -

80+

60—

40-

20+

CONSTRUCTION 4+ PROPORTION OF
COMMON COST PERSONNEL

-
—'—.‘.
[ ]

ra TOTAL PERSONNEL

.
N CONSTRUCTION ~+ OPERATIONS +
COMMON COST PERSONNEL

/&OPERATWNS + PROPORTION OF

COMMON COST PERSONNEL
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PROGRAM ACCOMPLISHMENTS 1976

General

The fourth year of the Program saw: the placing in operating
service of four antenna elements and the start of extensive debugging
and calibration efforts; the acceptance of antenna elements No. 3 through
No. 7; the successful negotiation with E-Systems for the balance of the
twenty~eight.antennas; the continuation of electronic production and the
redesign of certain electronic modules whose performance needed upgrading;
the continuation of synchronous and asynchronous software programs; the
completion of the conceptual design for the spectral processor and the
start of procurement efforts in this area; the completion and occupancy
of the Control and Cafeteria buildings, utilities and site work; the
completion and occupancy of the Warehouse Building and the Maintenance
Shop Building; the completion of Phase III wye construction program; and

the issuance of Phase IV construction documents.

Contractual -

Work continued under Prime Contract No. NSF-C-780. ' The record

of funds received to date is as follows:

Available 11/15/75 ' $26,711,300
Amendment No. 17 (CY-76) 0l1/16/76 $6,400,000 33,111,300
Amendment No. 18 (CY-76) 04/26/76 90,000 33,201,300
Amendment No. 20 (IQF-76) 07/02/76 3,500,000 36,701,300
Amendment No. 23 (CY-77) 11/02/76 7,000,000 - 43,701,300

The difference between $43,701,300 and $44,000,000 represents
$283,000, which the Foundation has withheld for land acquisition, and
$15,700 withheld for the ECAC study of radio interference.

Legal

The Santa Fe, New Mexico, legal firm of Montgomery, Federici,
Andrews, Hannahs, and Buell continued to represent Associated Universities,

Inc. in New Mexico. - There were no legal problems of any nature in New Mexico.

-11-



New Mexico State Gross Receipts and Compensating Tax

In accordance with agreements among the AUI attorneys, the
Foundation, and the AUI and NRAO staffs, no formal action was taken with
the State of New Mexico. The Program continued paying this tax, through
our construction contractors on construction services for conventional

or "bricks and mortar" type construction.

During March, the New Mexico Bureau of Revenue made an audit
of E-Systems work on antenna fabrication and assembly, which concluded
that E-Systems, Inc. owed $140,800 in Gross Receipts Tax for the period
through 12/30/75. To date no assessment has been filed, or other action
taken, by the State revenue officials. It is still AUI policy to resist

payment of any tax other than on "bricks and mortar" type construction.

Land Acquisition

No significant action on land acquisition took place during
1976. The land situation, including that for the airstrip, appears to

be in good shape, with no problems or difficulties forecast.

Archaeological Approval

Early in 1976, it was determined by all concerned that Site II
at the very end of the southwest arm was not of significant archaeological
interest and it was dropped from consideration. On April 2, 1976, Site I
was included on The National Register of Historic Places. In November, -
the Foundation intends to formally request the Advisory Council on Histotic
Preservation for permission to excavate the site under the direction of
Dr. Stanley Bussey of the New Mexico State University. It is expected that
approval will be received and the work will proceed next spring or summer.
Estimated cost of the excavation, recovery, cataloging, and storage work is

$96,800, which has been included in the 1976 Construction Cost Estimate.

-12-



Systems Integration

One of the major tasks during CY 1976 was the single dish testing
of the antennas with théir electronics and the integration of them into a
working interferometer array. On August 5, 1976, Dr. Barry Clark, a senior,
tenured, NRAO scientist, was selected to coordinate all test, integration,

and scheduling activities.
During the year the following system highlights occurred:

December .12 Antenna No. 1 placed under computer
control through waveguide.

January ' Began regularly scheduled 40-hour per
:  week runs. :

February .18 First fringes, using a two element
b array at 6 cm on the 1.24 km baseline.

June 29 First fringes - two element array at
: 2 cm.
July 13  First fringes - two element array at
' 1.3 cm.
August =~ 05  Shutdown to move control center to

- Control Building.
August 23 Resumed operations.

~ September 08. First fringes - three element array at
e 6 cm. ‘

September 14 First fringes - two element array at
18-21 cm.

September 23 = Baseline increased to 1.9 km..

October 19 First fringes - four element array at
: 6 cm.

~ October 26 First operation of two independent
B - . subarrays. '

November ~ Began scheduled 88-hour operating runs.

-13-



Antennas No. 3 through No. 10

Subsequent to E-Systems, Inc. agreement in April 1975 to produce

Antennas No. 3 through No. 10, they proceeded to produce the antennas with

considerable skill and diligence.

follows:

Antenna No.

Schedule Date

The record of their deliveries is as

Actual Acceptance Date

3 04/15/76 04/20/76
4 05/24/76 06/07/76
5 07/15/76 07/16/76
6 08/30/76 09/03/76
7 10/15/76 10/29/76
8 11/30/76 -

There follows as Figure 5 a table setting out the design and

actual tolerances achieved on Antennas No. 3 through No. 7.

Transporter

The transpofter continued to work well during the year and many
times made the 900 turn, fully loaded, within one or two minutes of the
design goal of 15 minutes. Two defects in the design were found during
the spring: one, that the connection between the wheels was too rigid
and sheared hold-down bolts; and, second, that the trucks did not raise
in a level position, making turning difficult. E-Systems, Inc. acknowledged
responsibility for bofh these defects and corrected them without cost to

NRAO.

Antennas No. 11 through No. 28

Discussions with E-Systems, Inc. concerning the completion of
antennas beyond No. 10 began on January 10, 1976, and continued throughout
the spring. In January E-Systems was forecasting a loss on Antennas No. 3
through No. 10 of $1,050,000, or $131,000 per antenna, and at least $150,000
per antenna beyond No. 10. On June 16, 1976, E-Systems requested forbearance
on all remaining antennas.unless NRAO made $9,000,000 immediately available

for advance procurement and increased the lump sum price by $1,074,150.

On July 1, 1976, NRAO refused forbearance. Subseguent negotiations
resulted in an agreement that E-Systems would complete all remaining antennas,

that the sum of $5,000,000 would be made available for advance procurement,

-14-



- =ST-

g oanbtg

ITEM

Panel Manufacture

Panel Setting @ 50° El.
Az Center to Fdnqcenter
Azimuth Lean

Elevation Orthogonality

Elevation Offset

Collimation Orthogonality

Collimation Offset

Alignment Focal Mount
to Collimation Axis

Servo Error

Resonant ~ \(RooKing
Frequency (Torsional
Slew EElevatlog
Rate

{Azimuth

“NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

UNIT

in rms
in tms
in

arcsec

arcsec

in

arcsec

in

arcsec

arcsec rms

HZ
HZ
O/min

0/min

ANTENNA MECHANICAL PARAMETERS

' ANTENNA
SPEC. NO. 3 NO. 4 - No. 5 ~ NO. 6 NO. 7
0.015 =~ 0.011 to 0.015 - Avg. 0.0126 Avg. 0.0123 0.013
0.018 o0.0123 0.0113 | 10.0098 0.0096 0.011
0.500 0;256 0.500 0.250  0.250 0.375
18 17 | 17 | 14» 5 | 8
18 4.0 4.1 5.0 10 10.5
0.100 0.040 0.060 0.020 0.010 0.010
18 6 10 12 10 11
0.250  0.060 0.125 0.020 0.060 0.040
18 9 5 12 8 9
3.2 = = = = e - - - - - NOT MEASURED = = = = = = = = = = =
2.07 2.5 2.3 2.3 2.4 2.25
2.15 2.3 2.2 2.4 2.35 2.2
20 20 20 20 20 20
40 40 40 0 10 40



that the lump sum price would not be increased, that the discount for
advance ordering would be waived, and that antennas would be delivered
on an advanced schedule, which cut approximately fifteen months off the
previous schedule. This agreement was fully executed on July 21, 1976.
Since then E-Systems has ordered nearly 100% of all materials

and equipment required for the balance of the antennas.

~16-



Electronic Systems

The early part of the year was spent in adjusting, tuning, and
debugging the electronics for the two prototype antennas as well as com~
pleting production of electronics for Antennas No. 3 through No. 6, and
beglnnlng productlon for Antennas No. 7 through No. 10. During this pexriod
it was found that, in order to improve performance in a number of areas,
mlnor de51gn changes should be made and, in two 1nstances, the entire

module should be redesigned.

These prototype studies led to the conclusion that the minor
de31gn changes should be made at once and the electronlcs for Antennas
No. 1 through No. 6 would be completed and integrated into the array
utlllzlng the ex1st1ng de51gn subject to these minor modlflcatlons.

‘All de31gn changes will be made before electronlcs for Antennas No. ll

- and upward are fabricated. Antennas No. 7 through No.,lO will be an
lnterlm test group, which will test . the new desmgns and be used for both
astronomlcal and test operations. It is expected that this group will
be in good worklng order in the fall of 1977. when the flrst group of six
can be w1thdrawn from service and retroflttlng started. Under this plan

the full ten antennas should be operatlonal as scheduled in January 1978.

‘Prototype tests of the 1.3 and 2.0 cm feeds showed them to have
.efflcienc1es of 44 and 53%, which met the design goals. However, the
eff1c1ency of the prototype 6.0 cm feed was a disappointing 53% compared
to a deslgn goal of 65% A contract was awarded to J. J. Gustincic in
Aprll to develop a better 6 cm feed. The second prototype waé inétalled
on June 24 and found to have an efficiency of 655, which meets the original
design goal The prototype 18-21 cm feed was tested in. February and found
to have an efflclency of only 40% versus 48% speclfled. A development
contract was awarded to . J. J. Gust1n01c and his prototype, when recelved
and tested in September, showed an efficiency of 52% at 18 cm and 50% at
21 cm. In May it was found that, for the two circular polarizations, there
is a pointing difference of 1/15 of the beamwidth for all wavelength bands
due to the offset feed geometry. This problem is still under study,

The front end amplificationkequipment has in general worked well

except in two areas. The parametric amplifiers supplied by Comtech have

=17-



given considerable difficulty and it was decided in April to switch to a
two stage parametric amplifier furnished by AIL, followed by a room
temperature GaAs FET transietor amplifier. The first FET amplifier

was received in September and exceeds itsddesign specifications. The
second area was that of the hellum compressors. Here, the Cryomech
unit had to be dlscarded due to 1ack of capacity and a considerable
number of minor changes were made in the Air Products compressor to

make it more reliable.

Prototype tests in the spring showed that the lecal oscillator
modules L2 and L3 needed rede51gn to 1mprove phase stability and temper—
ature coefflclents. This redesign was completed and breadboard units
tested durlng August. L2 and L3 modules now show a tenfold improvement

in the temperature coefflclent of phase.

The NRAO modem design was completed and parts received in
January. These were assembled and tested with extremel? good results.

The modules are now being assembled by outside vendors without difficulty.

Completion of the Monitor and Control systems for the first six
antennas went well although some minor changes to decrease the error rate
were found to be necessary. Also completed during the year was a test
set for all monitor and control modules using a minicomputer. No problems
have been experienced with the Delay or Multiplier system and at present

a twelve antenna system is close to completion.

Conceptual design of the Spectral Line System electronics was
completed and detail deSLgn and procurement started. The design involves
the development and productlon of two spec1al integrated 01rcu1t chips.
This procurement was bid in October and placed in November as soon as

CY 1977 funds became available.

During the early spring,.a concentrated effort was devoted to
complete the deslgn end order the materials for the walkways, cable trays,
© waveguide, coaxiel and‘control cabling required to interconnect the
electronics, computer and control equipment in the Control Building.
Installation work began as seon as the building was accepted and was

completed well ahead of schedule.
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Waveguide,Communications System

The three complex wavegulde 91gnal distributors were recelved
from Japan, installed in the Control Bulldlng in 1ate May, thoroughly

tested and accepted in June. They meet all required speclflcatlons.

Development work proceeded on the desrgn of couplers requlred
to remove and insert commands, 51gnals, and scientific data from the
60 mm waveguide at antenna stations along the 21 km arms of the wye.
Three dlfferent types,Athe hellcal beam splltter, and sector, have
been developed and tested w1th good results. The sector coupler, which
is very broadband and has modest 1nsertlon 1oss, is thought to be the

_best for all stations except the last few on each arm.

Durlng the year, the manufacturers of ch01ce for the 20 mm
'antenna wavegulde runs and the rotary joints decllned to bld on future
orders. Substitute vendors were found but the 20 mm wavegulde is of

inferior quality and’mustvbefimproved.

: Monltorlng act1v1t1es contlnued on the 1.24 km 60 mm prototype
wavegulde run burled in 1975. Attenuatlon 1osses in. thls run increased
slightly from August. 1975 unt11 Aprll 1976. From thls date until mid-
September an increase of .07 dB per km occurred, which is shown on
Figure 6. Since then the increase seems to have stopped. Early in
1976 several alternate methods of dlrect wavegulde burial were trled
~and one selected, which is now being used. It 1nvolves an elghteen—step
- procedure that gives much 1mproved early results as shown on Figure 7.
| These runs will be carefully monltored . Late thls year or early next
year two test sectlons will be lnstalled u51ng a concrete base and a

PVC outer sleeve.

Cogputer‘Systems

The synchronous computer was used all year in the operation of
the interferometer array. The group both operated and debugged the
necessary programs and worked on addltlonal software programs which will
be required as the arxray grows in size and becomes more complex. In
August, the system was moved out of the temporary trailer and into the
computer room of the Control~Bu11ding. Programs for all four receiver

bands and for subarray operation were placed into operation.
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The principal activity of the asynchronous group during the
year was the continued development of software programs and their test
and checkout with actual data from the Green Bank and VLA interferometers.
Early in the year the initial graphics system, consisting of the Comtal
raster display device, the Versatec electrostatic printer, the PDP-11,
the line drawing CRT and ADDS graphics, was activated. On June 14th,
the DEC system was shut down, shipped to the Site, assembled iﬁ the
Control Building, and began operations on July 10th. The DEC FFT box
received in December 1975 could not be made to meet its design specification
and on May first was formally rejected. In September, an RFP for the
addition of 128 K of memory core was issued and in November an RFP for
two array processors was issued. Considerable effort has been expended
toward speeding up the asynchronous system and making it more adapted tp

the developing array.

It was found during 1975 that electrical voltage swings and short
power interruptions caused by lightning strikes on the:some 600 miles of the
SEC distribution network required the installation of a constant power motor
- generator set. This was ordered in January for a May 31 delivery. In April
it was evident that the set would not be delivered in time for the move into
the Control Building and a surplus set was obtained for temporary use. The

final set did not arrive until November, when it was installed.

In April, the Associate Director of NRAO appointed an -ad hoc
éommittee headed by Dr. Campbell Wade to review the goals and progress of
the VLA software computer work. This group completed their work and issued
a report in July. The report has been discussed by the NRAO staff and the

VLA Advisory Committee and many of its recommendations are being followed.

In February, the group looking into the advantages of utilizing
a coherent optical processor for spectral-line map synthesis issued its.
report. After study and review, it was decided to engage a consultant to
complete an engineering design, recommend components, demonstrate its
performance, and to perfdrm a system error analysis to confirm the performance.
The firm of Environmental Research Institute of Michigan (ERIM) was selected
and awarded a $95,000 contract in June 1976. The study is to be completed

early next year.
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Site and Wye Design and Construction

Phase II construction, consisting of the permanent buildings,
site work and utilities, was accepted for occupancy on May 14, 1976,

approximately two months ahead of schedule.

Phase III construction, consisting of 13.1 kilometers (8.1 miles)
of wye trackage, 49 antenna foundations, and electrical utility system, is

now 97% completed and will be accepted prior to the end of the year.

Phase IV conétruction, consisting of 12.4 kilometeré (7.7-mi1es)
of wye trackage and five antenna foundations,.was issued for competitive
bid on October 4, 1976. On October 29th the Washington Office of the Depart-
ment of Labor issued a determination that this work should be constructed
using the Heavy Engineering Construction wage classification. This will
double the labor cost of the contract and result in an overall cost increase
in VLA éonstruction of approximately $2,000,000. The Department of Labor

determination is béing challenged and the bid due date has been postponed.

- On Januaty 6th, a contract in the amount of $147,805 for a 6,000
square foot Maintenance Shop Building and a 6,000 square foot Warehouse
Building was awarded. This work went well and the buildings were both
occupied in May. These two buildingsbreplace the permanent 15,510 square
foot maintenance/warehouse building bid in 1975 which had a construction

cost of $508,000.

Installation of the 60 mm waveguide proceéded as soon as the
weather was suitable. At the end of the year, in excess of 5,200 meters

of waveguide had been installed.

On October,7th, a $28,123 contract was placed for the first four
room, motel-type prefabricated Visiting Scientists Quarters building. This
structure is being purchased without sidin§ and will receive a slﬁmp block

veneer to match the other permanent buildings.

On October 5th, a $72,980 contract was awarded to Executone
Systems of New Mexico, Inc., covering the first phase of the wye communications

‘system. Negotiations for this system have been under way for almost one year..
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Program Management

The principal activity of the Program Management group durihg
1976 was in the procurement field. In the year ending November 15th,
2,575 purchase orders and subcontfacts were issued, having a total value
of $8,733,000. Many of these actions required extensive negotiations
which resulted in appreciable savings end in keeping the effects of

inflation to a minimum.

The group also arranged for the transfer of the Asynchronous
group and the DEC-10 computer from Charlottesviile to the Site in June.
The move of thirteen employees and the1r families from Vlrglnla and West
Virginia to New Mexico was arranged; and twenty—31x new employees required
for the Program were located, interviewed, and processed for hiring. The
group assisted boﬁh transferred and new employees in obtaining housing.
During the spring, the Control, Cafeteria, Maihtenance, and Warehouse

buildings were furnished and equipped.

Throughout the year a great deal of excess railroad trackage,
accessories, and ties were found, removal and shipping contracted for,
and the material stockpiled at the Site. Eleven thousand tons of raii
material has been obtained . from seventeen locations at an average total
cost of $47.40 per ton. The current market price for relayer rail is
$225.00 per ton and $305. 00 per ton for new rail, exclusive of transportation.
At the present time we have approx1mately 89% of all necessary rail and 68%
of all necessary ties stockpiled, under contract, or under investigation.

This is two to three years ahead of our original schedule.

In July, the Site cafeteria began operations, serving about
fifty people at lunch and providing breakfasf and an evening meal for

the operating personnel.

Fiscal Operations

Fiscal operations in 1976 were normal except that a considerable
emount of time and effort was expended setting up the accounting system for
the start of scientific operations during 1977. This involved establishing
cost codes, coordination with the NRAO Fiscal Office, and establishing a
common cost procedure which could properly allocate costs which were common

to both construction and operations.
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PLANNED ACTIVITIES - 1977

General

~The main emphasis during the early months of the coming year
will be to begin research operations, using at first a three element
array which . willrgradually increase to sir in the spring and to ten by
January 1978. At the same .time, production of additional antennas and
yelectronlcs will proceed and these new antennas must be equipped with
electronics, tested and 1ntegrated 1nto the array. Considerable
_dlfflculty is expected durlng the year in satlsfactorlly completlng
both these tasks and, as a result, a staff buildup is presently under
way. ‘This sectlon of the Program Plan will discuss the events of major

import planned to take place during CY 1977.

Research Operations

On August 10, 1976, Dr. D. S. Heeschen 1nv1ted research proposals
from sc1entlsts throughout +the country who have had interferometer observa-
tion experience. This is to be a cooperative program whereby observers will
devote a portion of their time to test measurements and will make their results
and their experlence avallable promptly to the VLA staff in order to aid in

further development of " the system.

During cYy 1977 fifteen people at the VﬁA.willee charged to support
of research operations. Summary details of personnel and costs of operations
are 1ncluded within thls Program Plan for completeness, but details of
s01ent1f1c programs, objectlves personnel, and costs for this and future

years are 1nc1uded w1th1n the regular NRAO Program Plans.

Systems Integration

The Systems Integration group’will‘remain at its present level
during CY 1977 and continue with the work of checking out completed antennas
and integrating them into the array. The planning and day-to-day coordination

of the antenna outfitting, with both mechanical and electronic equipment, has
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been shifted from this group and is now the responsibility of the Assistant

to the Program Manager, Mr. Robert M. Mitchell.

The array operators assigned to Systems Integration will run the
antennas during the single dish tests of feed and electronic efficiency and
complete all necessary documentation. They will also be involved in the

regularly scheduled research operations as necessary.

‘Antenna Systems

With the successful completlon of negotiations with E-Systems, Inc.
in 1976, we foresee no major problems connected with the fabrication and
erection of the balance of ‘the antenna elements. There remain a number of
mlnor problems to resolve in the servo system and the air condltlonlng system
for the Vertex Equipment room. We also intend to replace the vertical ladders
at the base of the antennas with stairways for ease and safe access to the

higher levels.

Antenna deliveries scheduled for. the next year are as follows:

Antenna No. 9 January 17, 1977
Antenna No. 10 March . 01, 1977
Antenna No. 11 April 29, 1977
Antenna No. 12 June 22, 1977
Antenna No. 13 August 12, 1977
Antenna No. 14 Octobexr 12, 1977
Antenna No. 15 December 09, 1977

dne result of the sPeedup of antenna delivery by E;Systems, Inc.
is that the VLA must purchase thls year six sets, 1nstead of five, of antenna
outfitting 1tems, such as the main feed support ring, feed support structures,
Stirling focu51ng mounts, subreflectors, subreflector support barrel, cryogenic
compressoxr platform, and miscellaneous trays and supports. These must be

delivered in sufficient time as E-Systems is responsible for their 1nstallatlon.

Electronic Systems

During 1977 the major areas of activity in electronlcs will be:
completing the rede51gn, prototyping, and testing of those few module elements
whose performance needs improvement; continuing production of electronlcs for

Antennas No. 11 and over; installation of electronics on completed antennas;
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and testing and debugglng completed systems prior to thelr f1na1 use on the
array. In addltlon, a considerable amount of effort will be extended in

maintaining and 1mprov1ng the eff1c1ency of units already operatlng.

- Of some forty—one dlfferent modules and power supply assemblles
it has been found that two w1ll require major rede51gn and that several
others requlre minor rev151ons, such as the change of a malfunctlonlng switch.
‘Several new modules w1ll be desxgned This work was started in 1976 and will
be completed in 1977 when the early antennas w111 be retrofltted. it is
planned that Antennas #11 and onward w111 be equlpped with the final electronic

components.

Con51derable dlfflculty has been encountered during 1976 in keeplng '
antennas operatlng due to the lack of spare modules, parts, and equipment.
For this reason 1t has been dec1ded to procure and fabricate seven sets of
electron1ce durlng 1977 1nstead of the previously scheduled five sets. This
will glve us worklng spares and may enable us to equlp six antennas 1nstead
of flve durlng the comlng year. To do thls w1thout excessive cost, the
Charlottesvrlle assembly operatlon will work on an eff1c1ent batch process,
producing seven of each module at a tlme 1nstead of one of each. ThlS assembly'
method, plus the change 1n the fiscal year f1nanc1ng, will slow dellvery of the
first complete electronlc set until November 1977, when it is expected that :
electronic sets No. ll through No. 17 will be completed This scheme also
permlts immediate assembly of the great majorlty of modules which do not requlre
redesign, and their use as spares, and gives adequate time for complete design

and testing of those that need redesign.

We now. have acceptable vendors for all four feeds and will proceed
to order addltlonal models. An effort will be made to see if a corrugated
horn will improvezthe~effi01ency of the 1.3 cm and 2.0 cm feeds. Addltlonal
work will also be done on the circular polarization offsetlmatter. Five .,
production models of the 18-21 cm feeds are on order for dellvery in December -
January 1977. These w111 be installed on the telescopes as soon as they are

received.

It is believed that the problems of parametric amplifiers and
reliability of the helium compressors will be solved in 1977 and completion

of the front-end equipment will go ahead rapidly.
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The’balance of the electronic fabrication, assembly, and testing

should go ahead in routine fashion.

Work will accelerate on the spectrai processor delay and multiplier
units, the control system, and the computer interface. This work has all been
transferred to the VLA Site. The prototype, custom designed, integrated
circuits will be received and tested in the late spring. If satisfactory,
production will be 6rdered. The necessary multilayer boards, mother boards,
cabinets and racks will also be ordered, with assembly to follow. By the
end of 1977 a system which will handle two IF channels for all twenty-seven

antennas will be nearing completion.

Waveqguide Communication System

Developﬁent work on the waveguide couplers will continue during
the first portion of the year, followed by the completion of detailed design
drawings and specifications and procurement. Design will also be completed
on the waveguide evacuation and nitrogen pressurization system, possible
windows to sectionalize the waveguide,band waveguide monitoring devices of
both pressure and electrical performance. Should it appear necessary, work
begun in 1976 on a éignal amplification device for the outer reaches of the

waveguide will be continued.

In 1977 the determined procurement effort now under way to find

a better source of 20 mm waveguide for the antenna runs will be continued.

The buried waveguide runs will be continuously monitored and new
and potentially better schemes tried. This is a matter of considerable
economic impact as it is estimated that to go to a burial scheme based on

a concrete waveguide base will cost an additional $800,000.

Computer Systems

During 1977 the synchronous computer will continue to operate the
increasing array and to initially process the data. Software programming
will be continuously updated, expanded, and improved during this time.

Time on the computer will be shared between regular scientific operations
and the engineering requirements of debugging new antennas and integrating

them into the array.
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During the year several changes and additions will be made to
the Modcomp system to improve its rellablllty and versatlllty. These are:
 the addltlon of core memory to two of the existing Modcomp computers, “Boss"
and “Monty“, and their conversion to multiport memory; the addition of an
1nterface to the correlator Modcomp, and the acqulsltlon of a repair system
to prevent a complete VLA shutdown in the event that a Modcomp CPU unit
failed. It is also intended that all Modcomp units be updated in 1977 by

factory representatives.

Programming and development work on the asynchronous hardware and
software packages w1ll contlnue throughout CY 1977. This will occur while
the system is being used for research operations and the programs expanded
and adapted to the needs of the 1nd1v1dual observations and the data flow

from additional antennas.

Durlng the year several items of additional equipment will be
added to the asynchronous system. These are 128K words of additional
DEC-10 memory core and modlfled data channels. An array processor and FFT
subsystem will be integrated into»the system. Procurement will start on
sort/transpose equipment and a data base supervisor subsystem. The map'
display/analysis system w111 be upgraded by addltlon of a 1arge disk unit,

and XY plotter, and a passrve video dlsplay system.

The contractor who is studylng the practicability of using an
optical processor.will complete his study and make his report early in 1977.
NRAO then must review the potentlal cost, advantages and risks of following
this course and make. a dec151on as to the best way for the VLA to proceed. ' :
Following this decision extensrve work in the design of an optical or digital

system must proceed.

Site and Wye Design and Construction

_ The Site and Wye group will supervise the construction of Phase IV
construction with the assistance of the Engineer/Architect, who will continue
weekly inspection visits to the Site and assist in other technical and
administrative mattersnas requested. During the summer of 1977, when the

level of CY 1978 funding is known, the E/A will be requested to prepare bid
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documents for Phase V wye construction, which will be issued in October
for award as soon as funds are available. Phase III bidding showed
dramatically that large savings in construction cost can be made when

the total price of the work is $3,000,000 or over.

Other activities that the Site and Wye group will accomplish
during the year are the completion and placing into operation of the first
Visiting Scientists Quarters and the emergency electric generation plant.
The latter will consist of two 500 kW diesel generator units obtained
through surplus channels. They are to be installed in a lean-to addltlon
to the Malntenance Shop bulldlng and connected to the main switchgear.
Site diesel and gasoline storage tanks will be installed as a portion of
this project. .One other miscellaneous project which will be completed
during 1977 is a gravel road network to the antenna foundations within

the central section of land owned by the Government.

Waveguide installation will proceed on all arms of the wye, with
the goal of 1nsta111ng at least 10,000 meters during the year. Efforts
will continue toward the 1mprovement of the burial techniques as original

or latent developing curvature rapldly increases attenuation.

Program Management

The Program Management group in CY 1977 will continue along the
same lines as in 1976. Procuring, receiving and issuing will be the main
chores and much effort must go into finding additional sources for waveguide
components and other items. Transportation activities will continue at
about their present level. As research activities increase, the cafeteria
will have to open for breakfast and dinner and the Visiting Scientists

Quarters will start operations.

During the year we wiil make another organized effort to find
additional surplus railroad track, ties, and accessories. To date we have
found approximately 89% of our total requirements for track and 68% of our
tie requirements. By year's end we should have 100% of our track require-
ments in hand. Ties are of less urgent procurement need as we already have
enough for the next two year's construction and supplies.are not difficult

to find in the local area.
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Fiscal

In 1977 the Flscal group w1ll focus on accounting for funds
budgeted for constructlon, operations, and common cost, utlllzlng the
recently established procedures and the newly acqulred Burroughs mini-
computer. Implementatlon of the accountlng system will allow a smooth
flow of 1nformat10n 1nto the existing NRAO f1nanc1al reportlng system
whlle ‘at the same tlme prov1d1ng 1nformatlon to the VLA Project staff

. personnel.

The establlshment of the Common Cost concept to account for
expendltures common to both Constructlon and Operatlons w111 be 1mplemented
in 1977. Costs for such 1tems as procurement, personnel, transportatlon,
cafeteria and hou51ng operatlon, facility malntenance, materlals, ware-
housmng and 1ssue, fiscal operatlons, staff and admlnlstratlve services
Iand other related costs appllcable to both operatlons and constructlon
will be accumulated and prorated to constructlon and operatlons on an

established formula ba51s.v

Other areas of concentration during 1977 will include the internal
control and audit support function,. property accounting including fixed

asset control, and inventory accounting.



PLANNED ACTIVITIES - 1978

Scientific Operations

Scientific operatiohs will still be in the buildup stages, with
ten antennas available early in the year, gradually building up to fifteen

by the end of CY 1978.

Systems Integration

Primary activities will be to assist in the systems integration
task of combining the antennas, electronics, and computer systems. During
the year this group will be disbanded and absorbed by the Operations

Division.

Antennas

As soon as CY 1978 funding becomes available, the options,
contained in Amendment #18 of the E-Systems subcontract in the amount
of $3,129,926, will be exercised. These provide for the manufacture,
assembly, and test of Antennas No. 21 through No. 28. The subcontract
provides for the delivery of Antennas No. 16 through No. 21 during 1978.
VLA personnel will inspect the work of the subcontractor to insure

compliance with the antenna specifications.

Other activities include the outfitting of all antennas
received and the procurement of the NRAO-supplied antenna items.
Mechanical maintenance of the operating array, increasing during

the year from ten antennas, will require a considerable amount of effort.

‘Transporters

Present plans provide for the bidding of Transporter No. 2
during late 1977 and the placement of a contract for its manufacture

as soon as CY 1978 funds become available.
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Electronics

Primary focus durlng 1978 will be the installation and testlng
of electronlcs on Antenna units 11 through 15. In addition, the balance‘
of components for Antennas 16 through 20 must be ordered, fabricated,
assembled and made ready for installation and testlng on the antennas
beglnnlng in late 1978. Operatlonal checkout of the first half of the
spectral processor w1ll be completed, and plans made for the procurement

of the remainder of the system.

Computer

Primary objectlves durlng 1978 will be the procurement, installation,
and test of the remalnlng computlng equlpment needed to handle the spectral

 line data.

Site and Wye

The Site and Wye group will continue to oversee the construction
of'wye trackage and services. It is'anticipated that a 12 kilometer package
of wye trackage and servmces w111 be de51gned and b1d during the summer of
1977, to be flnanced w1th 1978 funds. This work will be completed during

-1978 .by one or more general‘contractors.

Program Management-

Prlmary focus w1ll be on the procurement activities requlred
to obtain the next group of antennas, antenna components, and electronic

systems, as well as implementation of the operatlons budget.
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PLANNED ACTIVITIES - 1979

Scientific Operations

Scientific operations will be in full sWing in CY 1979, starting
in January with fifteen antennas, which will build up to about twenty-one

by the end of the year.

Antennas

Antenna units No. 22 through No. 28 will be delivered during 1979
with the final unit received from E-Systems about November 30th. These units
will be outfitted with all mechanical and waveguide items and prepared for

the installation of electronics.

Mechanical maintenance of the operating antennas will require an

ever-increasing effort.

Transporter
The fabrication of transporter No. 2 should be completed about mid-

year in 1979 and the vehicle placed in service.

Electronics

The major emphasis during 1979 will be the .installation and testing
of electronics on Antenna units 16 through 20. In addition, electronic
coﬁponents for Antennas 21 through 25 must be ordered, fabricated, assembled
and made ready for installation and testihg on the antennas early in 1980.
Fabrication of the second half of the spectral line processor will occur in
1979, at which time on-line tééting of the full system will commence.
Procurement of the additional modules required to implement all four IF
channels will begin. During the early years only two IF channels are to

be used.
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Computer
Recelpt of the remaining spectral line computlng equipment
w1ll occur durlng 1978, at which tlme extenslve testlng and 1ntegratlon

1nto the existing computer complex will take place.

- Site and Wye

The Site and Wye group will continue to oversee the construction
of wye trackage and services. It is anticipated that a major package of
wye trackage and sexvices will be deSLgned and bid durlng the summer of

1978 and awarded as soon as 1979 fundlng becomes available.

Program Management .

Major objectlve will be the superv131on of procurement activities
necessary to obtain the next group of antennas, antenna components, and

electronlc systems. Implementation of the operating budget will continue.
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PLANNED ACTIVITIES - 1980

Scientific Operations

At the beginning of CY 1980 about twenty-one antenna elements

should be operational, with this number increasing steadily during the

year until all twenty-eight units are completed by January 1981.

Antennas

All work on the mechanical outfitting of antennas will be completed

early in the year and the antennas turned over for electronic outfitting.

Electronics

The major focué during this year will be the installation and
tésting of electrdnics on Antenna unité 21 through 25. In addition,
electronic components for Antennas 26 through 28 must be ordered, fabricated,
completed and made reédy for installation and testing on the antennas in late
1980. Finél testing of‘fhe spéctrai line processor will be completed and
integration with the computer will begin and continue through the year.

The implementation of all four IF channels will be completed.

Computer

Development of programming and software will continue through the year.

Site and Wye

The Site and Wye group will continue to oversee the construction

of wye trackage and services.

Program Manégement

Emphasis will be on procuring the required antenna components
and electronics to complete the VLA construction. The operations budget

will be fully implemented by the end of the year.
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FINANCIAL PLANNING

This section of the CY 1977 Program Plan will present the various
budget estimates and other schedules necessary for the proper financial
planning of the Program.. Presented are the following:

VLA FINANCIAL STATUS REPORT - Program summary report which details
the financial condition of the Program from the standpoint of the authorized
program ceiling compared to total program outlook.

, VLA COST ESTIMATE - 11/01/76 - Shows the current cost estimate for
the Program and compares the present estimate with that presented in the

CY 1976 Program Plan. To show the magnitude of the sums assigned to escalatlon

and contingency, these items have been set forth separately.

BUDGET ANALYSIS BY PROGRAM YEAR - CY 1973 THROUGH CY 1980 - Shows
the cost estimate by program year. Details current (escalated) and base
(unescalated) cost and total Program escalation.

SUMMARY OF CONSTRUCTION/OPERATfNG BUDGETS - CY11973 THROUGH CY 1980 -
Shows the cost estimate by Program year for construction and operatlons,
including dlstrlbutlon of Common Cost.

SUMMARY OF COMMON COST BUDGET - CY 1977 THROUGH CY 1980 - Shows
Common Cost estimate by Program year.

’COMMITMENT SCHEDULE,- CY 1973 THROQUGH CY 1980 - A commitment schedule
to show actual commitments through 1975 and how the estimated commitments will
be divided among the various calendar years.

EXPENDITURE SCHEDULE - CY 1973 THROUGH CY 198l - An expenditure
schedule to show actual expenditures through CY 1975 and to forecast expenditures
during the life of the program.

FINANCIAL PLAN - CY 1977 - The financial plan for CY 1977 broken down
into various categories. For comparison, the actual allocatlon of CY 1973, 1974,
' 1975, and 1976 funds has also been included.

COMMITMENT/EXPENDITURE SCHEDULE BY QUARTERS CY 1977 - A commitment
and expenditure schedule for CY 1977 broken down by quarters.

CY 1976 REVIEW OF FINANCIAL PLAN - A detailed analysis of the revisions
that have been made to the CY 1976 Financial Plan, giving the reasons for the
changes.

EXPENDITURES AND COMMITMENTS.— CY 1976 CUMULATIVE ACTIVITY - A report
in graph form, showing scheduled and actual expenditures and commitments by months.

EXPENDITURES AND COMMITMENTS - CY 1977 CUMULATIVE ACTIVITY ~ A graphic
presentation, showing planned CY 1977 expenditures and commitments by months.
This graph will be the basis of monthly reports.
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* NATIONAL RADIO ASTRONOMY OBSERVATORY
| VLA PROGRAM

FINANCIAL STATUS REPORT
(in thousands)

As of: November 1, 1976

) 2 | (3) (4) (5) - (6) (7) | (8) (9) (10)
Allocation to Date L Outlook
. - |Expended - | Un- Estimate ‘ .| (Over)
' . {Program - |and Allocated | allocated | to © |Estimate |Under
Item Ceiling Allocated |[Committed |Balance Balance Complete |Total Ceiling . Notes
Site and Wye 27,860 11,832 11,635 197 16,028 15,144 26,779 1,081
Antennas 20,400 13,230 13,172 - 58 7,170 8,694 21,866 (1,466)
Electronics 17,000 7,280 6,782 - 498 9,720 10,372 17,154 (154)
Computer 4,850 2,529 2,339 ‘ _ 190 2,321 3,187 | 5,526 (676)
Systems Integration - 400 139 11 28 - 261 150 261 139
. Program Management 2,650 - 1,569 1,478 | 91 1,081 490 1,968 682
- Common Cost - - - - - 2,071 © 2,071 | (2,071)
Subtotal 73,160 36,579 . 35,517 1,062 36,581 40,108 75,625 | (2,465)
Contingency 2,840 122 - 122 2,718 2,527 2,527 313
TOTAL 76,000 36,701 35,517 1,184 39,299 42,635 78,152 (2,152)
Notes: (1) Basic estimate is that of August, 1976.

(2) Escalation included for future years for Site and Wye work (6%); National Radio Astronomy Observatory
labor (6%); and certain antenna equipment items (6%%). Antenna estimate is based on the existing contract
costs for fabrication of the antennas. No future escalation has been included for electronics or computer
purchased equipment except for certain mechanical elements in the Electronic estimate (6%).

(3) Estimate excludes the following deferred item: Airstrip, $268K. Transporter #3 is not included within
the estimated cost of. the Program. | . .

(4) Includes $293K withheld by NSF for land acquisition under Site/Wye and $15.7K withheld by NSF for ECAC

under Electronics. These amounts were funded directly to the Corps of Engineers and ECAC.



Column

Column
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(2)

(3)
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(5)

(8)

(7)

(8)
(9)

NATIONAL RADIO ASTRONOMY OBSERVATORY
: VLA  PROGRAM

VLA - FINANCIAL STATUS REPORT
As of: “November: 01, 1976

EXPLANATION TO ACCOMPANYING STATEMENT

Program Ceiling: Original estimates.

Allocated: Funded by NSF and included in total
funds provided in Contract C-780.

Expended and Committed: Actual cash paid out and
orders written and accepted by vendors.

Allocated Balance: Column (3) less Column (4).
Current funds available for expenditure
and commitment.

Unallocated Balance: Column (2) less Column (3).
(Funds due from NSF to fund the total

program as originally estimated.)

Estimate to Complete: Original estimate updated to
take'into account current or known costs.

Estimated Total: Column (4) plus Column (7).

(Over) Under: Column (2) less Column (8).
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ESTIMATED COST - DESIGN AND CONSTRUCTION ON 11/01/76

NATIONAL RADIO ASTRONOMY OBSERVATORY
- VLA PROGRAM

ITEM

ent———

SITE AND WYE
ANTENNA SYSTEMS
ELECTRONIC SYSTEMS
COMPUTER SYSTEMS
SYSTEMS INTEGRATION
PROGRAM MANAGEMENT

- COMMON COST

SUBTOTAL
CONTINGENCY/RESERVE

TOTAL PROGRAM

ExcLupEs DEFERRED ITEMS - TRANSPORTERS
#2 AND #3

AIRSTRIP

(IN THOUSANDS)

CEILING

$27.,860
20,400
17,000

4,850

400
2,650

$75,160
2,840

$76,000

ESTIMATE
8/1975
$27,811
21,396
17,226
5,245
363
2,877

$74,923
3,200

$78,123

615
263

ESTIMATE
8/1976
$26,779
21,866
17,154
5,526
261
1,968
2,071

$75,625
2,527

$78,152

TRANSP, #2
INC. ABOVE

268

CHANGE
1975 vs, 1976

+

1,032
470
/2
281
107
909
2,071

702
673

29
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ANTENNA SYSTEM

Antenna Element Design

Prototype Antennas

Production Antennas

. Transporter Design
' Transporter Prototype

Transporter Production Modél

Assembly Structure
E.D.I.A. '
TOTAL

ELECTRONIC SYSTEMS DEVELOPMENT

Feed System

Front End System

Local Oscillator System
Monitor/Control System
Waveguide System

IF Transmission System

Delay/Multiplier System |

Spectral Processor
General Electronics

E.D.I.A.

SUBTOTAL DEVELOPMENT

NATIONAL RADIO ASTRONOMY OBSERVATORY - et i Page 1 of 4

. VLA PROGRAM

COST ESTIMATE - 11/01/76
(in thousands)

3-5-13-12.4-13 Funding 3-5-13-12.4-16-12.5-13 Funding

-1976 Program Plan PROGRAM _ COST = ESTIMATE
12/01/75 1976 BASE ESCALATION TOTAL
225 | 225 = 235
1,624 § 1,624 ~ 1,624
17,527 17,228 55 17,283
83 : 83 - e

365 375 - 375

- 525 - 525

397 | 403 s - 403
1,175 1,282 : 66 1,348
21,396 21,745 121 21,866
161 153 - 153

281 329 - 329

97 | 100 - 100

93 | 85 ' - 85

278 | 297 ‘ - 297

243 234 : - 234

22 g 21 | - 21

25 127 - 127

13 | 13 ' “ 13

447 | 535 27 562

1,660 ey 1,894 27 1,921
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ELECTRONIC SYSTEMS PRODUCTION

Feed System
Front End System
Local Oscillator System
Monitor/Control System
Waveguide System
IF Transmission System
Delay/Multiplier System
Spectral Processor
General Electronics
E.D.I.A.

SUBTOTAL PRODUCTION

TOTAL ELECTRONIC SYSTEMS

SITE FACILITIES AND WYE

Site Acquisition

Preliminary Design

Detailed Design

Construction Supervision
Survey/Soils

Construction Site Preparation
Computer/Site Trailers

Archaeological Preservation

Construction Facilities

NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM

COST ESTIMATE -~ 11/01/76

{in thousands)

3~5-13-12.4-13 Funding

Page 2 of 4

| 3-5-13-12.4-16-12.5-13 Funding

1976 Program Plan PROGRAM COST  ESTIMATE
12/01/75 1976 BASE ESCALATION TOTAL
1,858 1,461 105 1,566
2,989 2,842 108 2,950
979 887 - 887
654 601 18 619
404 456 28 484
1,245 1,300 - 1,300
799 320 - 320
1,310 1,236 - 1,236
1,498 1,444 45 1,489
3,830 4,153 213 4,366
15,566 14,700 517 15,217
17,226 16,594 544 17,138
293 - - -

- 225 225 - 225
513 507 3 510
217 163 12 175
301 332 8 340
104 76 2 78

40 40 - 40

- 100 - 100

232 156 - 156
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NATIONAL RADIO ASTRONOMY OBSERVATORY ‘ , Page 3 of 4
VLA PROGRAM QRN

COST ESTIMATE - 11/01/76
{in thousands)

3-5-13-12.4-13 Funding '3-5-13-12.4-16-12.5-13 Funding
1976 Program Plan. = = PROGRAM COST . . _ESTIMATE
5 e 12/01/75 .~ 1976 BASE  ESCALATION  TOTAL
SITE FACILITIES AND WYE (continued): j _ |
Equipment/Maintenance Vehicles - : 122 | - ' 122
Building Complex ] L 2,358 2,274 ' - 2,274
Site Work/Utilities el L 1,152 851 - 857
Wye Comstruction 14,359 | 12,400 1,195 13,595
' Waveguide Procurement S S 5,011 4,656 " 449 5,105
Waveguide Installation o : 1,587 1,356 o131 1,487
Waveguide Antenna Stations : | : ' 665 e 665 64 729
E.D.I.A. - | - 754 667 26 693
| TOTAL , 27,811 24,59 1,890 26,486
COMPUTER SYSTEMS
Synchronous,Subsystem = . 697 ' 486 | - 486
Continuum Asynchronous SubéYstem 1 965 k 1,029 ; - 1,029
Display I/0O Equipment O . v . 265 L 286 H _ - 286
Spectral Line Computing>E§uipment 1,100 '1,815 R - 1,815
Computer Maintenénce ’ ‘ | , : 315 ' 200 ' - ‘ ‘200
E.D.I.A. | | | 1,903 1,633 715 1,710

TOTAL : , . 5,245 . .5,451 - .75 ' 5,526
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SYSTEMS INTEGRATION

Personnel Costs
Material, Services, Supplies
Travel

TOTAL

PROGRAM MANAGEMENT

Personnel Costs
Material, Services, Supplies
Travel

TOTAL

CONTINGENCY/RESERVE

.COMMON COST

SUBTOTAL PROGRAM
Add cost for ECAC Study ($16)

and Land Acquisition ($293)

FUNDED DIRECTLY BY NSF

TOTAL PROGRAM

NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM

COST ESTIMATE - 11/01/76

(in thousands)

3-5-13-12.4-13 Funding

Page 4 of 4

3-5-13-12.4-16~12.5-13 Funding

1976 Program Plan PROGRAM COosT ESTIMATE
12/01/75 1976 BASE ESCALATION TOTAL
148 148 5 153

150 81 - 81

70 27 - 27

368 256 5 26l
1,406 1,173 49 1,222
1,321 609 - 609
150 137 - 137

2,877 1,919 49 1,968
3,200 2,527 - 2,527

- 1,713 358 2,071

78,123 74,801 3,042 77,843
Inc. Above 309 - 309
78,123 75,110 3,042 78,152



SITE/WYE

 ANTENNA SYSTEMS

-G~

ELECTRONIC SYSTEMS

COMPUTER SYSTEMS
SYSTEMS INTEGRATION
PROGRAM MANAGEMENT

COMMON COST

SUBTOTAL |

" CONTINGENCY

0T oambrad

SUBTOTAL

Add for cost of ECAC study (16) and Land Acquisition (203) funded directly by NSF and not carried in NRAO costs

1973

064

315
816

29

158

2,282

2,282

2,453 ¢

1,460

415

236 .

5,439

5,439

1975

. NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM ,
BUDGETvANALYSIS BY PROGRAM YEAR
-~ {in thousands)

: 'Curreﬁg-(Escalated} Dollars

1976 1977 1978 . 1979

000

4,924 5,067 2,488 3,541 ' a;zza'k
2;740 7,721 'v‘a;eoa ,4'170 468
2,202 2,601 3,633 2,822 2,316
1,365 720 1@m:_ 1,084 805
46 93 . 82 .40 -
500 672 . 100 112 108
- - 691 N 631 450
11,867 16,964 ,  11,922 ,' 12,400 12,370
27 122 578 600 630
11,894 17,086 12,566 ‘ ;3;000 o 13,

~ Page 1 of 1

' 08/31/76
lo/01/76

Total

 11/01/76 Final

$78,152

e T Total f
- 1980 Current Base Escalation
404 26,486 24,596 1,890
o1 21,866 21,745 121
1,108 17,138 16,594 - 544
88 5,526 5,451 75
- - 261 256 5
82 1,968 1,919 49
© 209 2,071 1,713 358
2,072 75,316 72,274 3,042
570 2,527 2,527 -
2,642 77,843 74,801 3,042
309 309 "o
$75,110 $3,042
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NATIONAL RADIO ASTRONOMY OBSERVATORY Page 1 of 1

VLA PROGRAM ‘ 08/31/76
10/01/76
SUMMARY OF CONSTRUCTION/OPERATING BUDGETS 11/01/76 Final

(in thousands)

Current (Escalated) Dollars

1973 1974 . 1975 1976 1977 1978 1979 1980 TOTAL

CONSTRUCTION:
Site/Wye Task I & V 964 875 4,924 5,067 2,488 3,541 8,223 404 26,486
Antenna Task II 315 2,453 2,740 7,721 3,908 4,170 468 91 21,866
Electronics Task III 816 1,460 2,292 2,691 3,633 2,822 2,316 1,10 17,138
Computer Task IV . 29 415 1,365 720 1,020 1,084 805 88 5,526
Systems Integration Task VI - - 46 93 82 40 - : - 261
Program Management Task VII : 158 236 500 672 100 112 108 82 1,968
Contingency ' . - - ) 27 122 578 600 600 - 600 2,527
Common Cost - - - - 691 631 450 299 2,071

Subtotal Construction 2,282 5,439 11,894 17,086 12,500 13,000 13,000 2,642 77,843*
OPERATIONS :
Site Operations - - - - - 8 181 228 417
Data Processing - - , - - 75 180 190 . 201 646
Array Operations - - - - 57 133 158 167 515
Electronic Maintenance - N - - - 72 132 407 557 1,168
Antenna Maintenance - - - - 27 95 101 169 392

Subtotal Salary . _ - - ' - - 231 548 1,037 1,322 3,138
Benefits - - - - 50 120 232 303 705
Travel - - - - ' 7 17 35 48 107
Misc. Material, Services, Supplies - - - - 150 173 350 430 1,103
Operating Equipment - New Lo - - - 10 - 30 37 77
Spares : - - - 100 117 - 123 272 612
Common Cost . - - - - 135 342 683 948 2,108

Subtotal Operations N - - 100 700 1,200 2,490 3,360 7,850

GRAND TOTALS . 2,282 5,439 11,894 17,186 13,200 14,200 15,490 6,002 85,693

*Does not include $293K withheld by NSF for Land Acquisition under Site/Wye and $15.7 withheld by NSF for ECAC under Electronics.
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18100

18300

18910

18920

18930

18940

18950

NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM

SUMMARY OF COMMON COST BUDGET

CY 1977 - CY 1980

(in thousands)

1977

Transportation 47
Utilities 170
Salary/Wages 345
Benefits 74
Travel 15
Material, Services, Supplies 165
New Equipment | 10
TOTAL CQMMON COSsT 826

1978

51
235
392
86
17
181

11

973

1979
55
275
471
105
19
196

12

1,133

1980
59
330
497
114
21
211

15

21,247

11/01/76

TOTAL
212
1,010
1,705
379
72
753

48

4,179
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Site/Wye

Antenna Systems
Electronic Systems
Computer Systems
Systems Integration
Program Management
Common Cost

Contingency/Reserve

PROGRAM TOTAL

Notes: .

(1) Actual through 09/30/76; estimated through 12/31/76.

(2) Does not include $293K for Site acquisition funded directly to Corps of Engineers
and $15.7 for ECAC Study funded directly by NSF.

NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM

COMMITMENT SCHEDULE - CY 1973 THROUGH CY 1980
(in thousands)

CY 1973
through

CY 1976

11,830
13,229
7,259
2,529
139
1,566

149

36,701(1)(2)

11/01/76

1977

2,488
3,908
3,633
1,020
82
100
691
578

12,500

1978
3,541
4,170
2,822
1,084
40
112
631
600

13,000

1979
8,223
468
2,316
805

108
450
630

13,000

1980
404
91
1,108
88

82
299
570

2,642

TOTAL
26,486
21,866
17,138
5,526
261
1,968
2,071

2,527

77,843
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Site/Wye

Anténna Systems :
Electronic Systems
Computer Systems
Systems Integration
Program Management
Common  Cost

Contingency/Reserve

PROGRAM TOTAL

Notes:

NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

EXPENDITURE SCHEDULE - CY 1973 THROUGH CY‘1981
(in thousands)

CY 1973
through

cY 1976

10,856
11,942
6,461
2,301
132
1,488

33,180 1) (2)

11/01/76
3,082 3,490 7,702 1,207 149
4,624 4,219 881 206 -
3,844 2,779 2,371 1,113 570
1,111 1,087 939 88 -
84 45 - - -
169 114 111 86 -
691 631 450 299 -
727 600 600 600 -
14,332 12,965 13,054 3,593 719

(1) Actual through 09/30/76; estimated through 12/31/76.

(2) Does not include $293 for Site acquisition funded directly to Corps
and $15.7 for ECAC Study funded directly by NSF.

of Engineers

TOTAL
26,486
21,866
17,138
5,526
261
1,968
2,071

2,527

77,843
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NATIONAL RADIO ASTRONOMY OBSERVATORY

VLA PROGRAM

FINANCIAL PLAN - CY 1977

Page 1 of 4

11/01/76
ACTUAL ACTUAL ACTUAL PLAN PLAN

ESTIMATE CY-1973 CY-1974 - CY-1975 CY-1976 CY-1977

TASK I & V SITE FACILITIES/WYE
Site Acquisition - - - - - -
Preliminary Design 225 225 - - - -
Detailed Design ‘ 510 443 30 - 10 12
Construction Supervision ' ' 175 . - 30 51 48 10
Survey/Soils ' 340 223 4 34 18 20
Construction Site Preparation | 78 15 33 8 6 5
Construction Facilities 156 - - 141 10 -
Construction Equipment | 122 - - 16 6l 45
Computer/Site Trailers 40 - - 36 2 1
Archaeological Preservation ‘ _ 100 - - - - -
Building Complex 2,274 - - 1,814 392 31
Site Work/Utilities 857 - - 615 50 82
Wye Construction 13,595 - 616 837 3,591 1,449
Waveguide Procurement ' 5,105 - 60 1,114 410 372
Waveguide Installation ’ 1,487 - - 116 171 275
Waveguide Antenna Stations 729 - - - 147 110
E.D.I.A. 693 58 102 142 151 76
TOTAL SITE FACILITIES/WYE 26,486 964 875 4,924 5,067 2,488
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NATIONAL RADIO ASTRONOMY OBSERVATORY

Page 2 of 4
VLA PROGRAM ’ )
FINANCIAL PLAN - CY 1977
11/01/76
‘ ACTUAL - ACTUAL ACTUAL PLAN PLAN'
ESTIMATE = C¥-1973 CyY-1974 CyY-1975 CY-1976 CcYy-1977

TASK IV SYSTEMS INTEGRATION
Personnel Costs , 153 - - 33 57 46
Materials, Supplies, Services , 81 - - 30 25
Travel 27 i , - 6 11

TOTAL SYSTEMS INTEGRATION 261 - . - 46 93 82
TASK II ANTENNA SYSTEM
Antenna Element Design 225 225 - - - -
Prototype Antennas 1,624 - 1,623 - - -
Production Models 17,283 - - 2,455 7,462 3,615
Transporter Design _ 83 - 83 - - -
Transporter Prototype 375 - 311 5 24 25
Transporter Production Models 525 - - - - -
Assembly Structure 403 - 312 86 5 -
E.D.I.A. 1,348 90 124 - 194 230 268

TOTAL ANTENNA SYSTEM 21,866 315 2,453 2,740 3,908

7,721
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NATIONAL RADIO ASTRONOMY OBSERVATORY Page 3 of 4
VLA PROGRAM
FINANCIAL PLAN - CY 1977
11/01/76
ACTUAL ACTUAL ACTUAL PLAN PLAN
: ESTIMATE CY-1973 CY-1974 CY~1975 CY-1976 CY-1977
TASK III ELECTRONIC SYSTEMS DEVELOPMENT

Feed System 153 - 80 - 55 17
Front End System 329 96 64 81 30 47
Local Oscillator System 100 33 © 20 4 18 15
Monitor/Control System 85 74 9 2 - -
Wavequide System 297 ‘ 83 11 32 20 51
IF Transmission System 234 63 32 24 25 20
Delay/Multiplier System 21 7 . 14 - - -
Spectral Processor ‘ 127 - - 4 40 83
General Electronics 13 - - 13 - - -
E.D.I.A. ' 562 188 117 109 127 76
SUBTOTAL - DEVELOPMENT 1,921 544 360 326 385 309

TASK III ELECTRONIC SYSTEMS PRODUCTION
Feed System ) 1,566 - 105 36 371 293
Front End System 2,950 - 214 384 367 529
Local Oscillator System 887 - 80 118 136 268
Monitor/Control System 619 - 15 85 73 188
Waveguide System 484 46 28 21 97 81
IF Transmission System 1,300 - 103 289 187 236
Delay/Multiplier System 320 24 62 122 38 19
SPecfral Processor 1,236 - - - 40 617
General Electronics 1,489 108 135 254 234 272
E.D.I.A. 4,366 94 358 657 763 821
SUBTOTAL - PRODUCTION 15,217 272 1,100 1,966 2,306 3,324
TOTAL ELECTRONIC SYSTEMS 17,138 816 1,460 2,292 2,691 3,633
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NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

TASK IV COMPUTER SYSTEM

Synchronous Subsystem

Continuum Asynchronous Subsystem
Display I/O Equipment | ‘
Spectral Line Computihg Equipment
Computer Maintehance

E.D.I.A.

TOTAL COMPUTER SYSTEM

TASK VIII PROG?AM‘MANAGEMENT

Personnel Costs
Materials, Supplies, Services

Travel

TOTAL PROGRAM MANAGEMENT
Contingency/Reserve

Common Cost

TOTAL PROGRAM

FINANCIAL PLAN - CY 1977

- Page 4 of 4

11/01/76
. ACTUAL = ACTUAL 'ACTUAL DLAN PLAN
ESTIMATE CY-1973  CY-1974  CY-1975  CY-1976  CY-1977
486 - 248 - 21 155
1,029 - - 923 16 90
286 - - 34 113 100
1,815 - - - 95 320
200 - - 71 83 23
1,710 29 167 337 392 332
5,526 29 415 1,365 720 1,020
1,222 128 178 248 321 85
609 17 35 216 20 2
137 13 23 36 331 13
1,968 158 236 500 672 100
2,527 - - 27 122 578
2,071 i - - - 601
77,843 2,282 5,439 11,894 17,086 12,500
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NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

COMMITMENT/EXPENDITURE SCHEDULE BY QUARTERS CY-1977
(in thousands)

11/01/76
1st QUARTER 2nd QUARTER 3rd QUARTER 4th QUARTER TOTAL CY-1977

COMMIT. EXPEND. COMMIT, EXPEND. COMMIT. EXPEND. COMMIT. EXPEND, COMMIT. EXPEND.

Site/Wye 2,039 1,067 202 1,176 107 ‘. 585 140 254 2,488 3,082
Antenna Systems 3,667 1,862 81 985 80 953 80 824 3,908 4,624
Electronic Systems 1,163 914 1,054 1,383 763 1,055 653 492 3,633 3,844
Computer 532 205 311 314 89 367 _ 88 225 1,020 1,111
Systems Integration 18 18 28 25 18 27 18 14 82 - 84
Program Management 25 81 25 38 - 25 26 25 24 100 169
Common Cost 229 121 187 162 154 187 121 221 691 691
Contingency/Reserve - 149 347 300 >231 278 - - 578 727

Total Planned 7,673 2,235 1,467 1,125 _ 12,500

4,417 4,383 03,478 2,054 14,332
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NATIONAL RADIO ASTRONOMY OBSERVATORY
' VLA PROGRAM '

CY ~1976 REVIEW OF.FINANCIAL PLAN
(in. thousands) . :

11/01/76
12/01/75 11/01/76 Change
I&V Site Facilities & Wye , 4,586 : 5,067 (1) + 481
II Antenna Systems » ' 2,964 7,721 + 4,757
III Electronic Systems ’ 2,762 2,691 - 71
Iv Computer Systems 606 720 + 114
Vi Systems Integration 171 93 - 78
VII Program Management 635 ’ 672 + 37
Contingency/Reserve : 676 122 - 554
: (1) (2)
TOTAL PROGRAM 12,400 17,086 + 4,686
Notes: (1) Does not include $10.0K withheld by NSF and funded directly to Army Corps of Engineers.

(2) Increase resulting from transition quarter funding ($3,500K), increase of CY-1976
funding by NSF ($90K) and carryover of funds from previous years ($1,096K).



—99_

LT °2anbtd

NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

CcY-1976 REVIEW OF FINANCIAL PLAN
(in thousands)

11/01/76

‘ ' 12/01/75

TASK I & V - SITE FACILITIES & WYE
Site Acquisition -
Engineering ~ Preliminary ‘ -
- Detailed 12
Construction Supervision 24
Survey/Soils 16
Construction Facilities 26
Computer/Site Trailers ‘ 7
Construction Equipment . : -
Building Complex 427
Site Work/Utilities 73
Wye Construction 3,506
Waveguide Procurement -
Waveguide Installation 200
Waveguide Antenna Stations 152
E.D.I.A. 143
TOTAL _ 4,586

11/01/76

11
48
18
16

61
392
50
3,591
410
170
147
151

5,067
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NATIONAL RADIO ASTRONOMY OBSERVATORX
VLA PROGRAM

CY-1976 REVIEW OF FINANCIAL PLAN
(in thousands)

11/01/76

TASK I & V - SITE FACILITIES & WYE

NOTES:

(1)
(2)
(3)

(4)
(5)
(6)

(7)
(8)
(9)

(10)
(11)

(12)

(13)

Required detailed design work accomplished within existing subcontract authorization.
Increase required to cover additional supervision by Joint Venture of Phase III construction.

Increase required to cover reimbursables. in conjunction w1th Joint Venture effort on
superv131on of Phase III construction.

Allocation reduced after reevaluation of CY-1976 requirements.
Allocation reduced after reevaluation of CY-1976 requirements.

Additional requirements that were not estimated in 12/01/75 Program Plan.
Includes tracked maintenance vehicles, loader, forklift truck.

Allocatlon reduced after reévaluation of CY-1976 requirements.
Allocatlon reduced after reevaluation of CY-1976 requirements.

Increase required to cover additional .earthwork/drainage and stockpiling effort on relayer
rail, ties, and track materials for future wye construction.

Increased to cover option to procure 5,300 meters of waveguide before price increase went into effect.

Allocation reduced after reévaluation of CY-1976 requirements. Required waveguide installation work
for .CY-1976. will be accomplished under existing subcontract. :

Allocation reduced after reevaluation of CY-1976 requirements.

Allocation increased to cover the additional personnel service required for a waveguide installation
foreman.
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NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

CY-1976 REVIEW OF FINANCIAL PLAN
(in thousands)

11/01/76

12/01/75

TASK II - ANTENNA SYSTEMS
- Production Model Antennas 2,670
Field Modifications -
Assembly Structure ' -
Transporter Assembly/Test/Modification A 50
E.D.I.A. ' 244
TOTAL ’ 2,964

NOTES:

(1) Reflects the cost of authorizing advance procurement of materials by E-Systems for Antennas 11 - 28.

(2) Reflects increased cost of completing the Antenna Assembly Building..

(3) Allocation reduced after reevaluation of CY-1976 requirements.

11/01/76

7,462

24

230

7,721

Change

+ 4,792

+ 4,747

(1)

(2)
(3)
(4)

(4) Allocation reduced after reevaluation of CY-1976 requirements for personnel service and travel.
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NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

CY-1976 REVIEW OF FINANCIAL PLAN
- (in thousands)

11/01/76
o 12/01/75 11/01/76 Change

TASK IIT - ELECTRONIC SYSTEMS
General Electronics ’ 259 234 - 25 (1)
Front Ena System ' 476 397 - 79 (2)
Local Oscillator'System 189 | 154 - 35 (3)
Waveguide System : : 172 187 + 15 (4)
IF Transmission System i 250 : 212 - 38 (5)
Delay/Multiplier System 110 38 - 72 8
Feed System 333 426 + 93 N
Monitor/Control System 114 » 73 - 41 (8)
Spectral Processor 67 . 80 + 13 (9)
E.D.I.A. ‘ 792 890 + 98 (10)

TOTAL 2,762 2,691 - 7

NOTES: (1) Decrease in required test units for CY-1976 requirements.

(2) Decrease in allocation is a result of system change from 3-stage to 2-stage design
on the parametric amplifiers.

(3) Decrease in allocation is a result of system modification to existing L6 and L7 modules,
allowing a reduction from four to two per antenna.

(4) Increase required.for more extensive test evaluation of waveguide components.
(5) Decrease resulting from reevaluation of modem development requirements for CY-1976 program.
(6) Decrease resulting from decision to build two IF channels only on first twelve antennas.

(7) ‘Increase resulted from not procuring 18-21 cm feeds for Antennas 2-6, uncommitted carryover
reprogrammed in CY-1976 Program.

(8) Decrease resulting from reevaluation of CY-1976 requirements for Control Room equipment.

(9) 1Increase reqﬁired for added CY-1976 program development and evaluation in Spectral Processor,
including IF, Delay/Multiplier, and Control/Interface.

(10) Increased to cover additional manpower for Front End group; Tocal Oscillator group.
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TASK IV -~ COMPUTER SYSTEMS

Synchronous Subsystem
Asynchronous Subsystem
Display I/0 Equipment
E.D.I.A.

TOTAL

NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

CY~1976 REVIEW OF FINANCIAL PLAN
{in thousands)

11/01/76

12/01/75

21
40
80
465
606

NOTES: (1) Reflects cost of the optical processor feasibility study.

11/01/76

21
140
80
479
720

(2) Reflects increase in estimate to maintain synchronous and asynchronous

TASK VI - SYSTEMS INTEGRATION

Personnel Costs
Materials, Services, Supplies
Travel

TOTAL

NOTES: (1) Decrease in allocation is

(2) Decrease in allocation is

62
71
38
171

funds required in Systems Integration CY¥-1976 Program Plan.

(3) Decrease in allocation is

Integration CY-1976 Program Plan.

57
30

6
93

Change
+ 100
+ 14
+ 114

computer hardware.

- 5
41

- 32
- 78

the result of reevaluation of CY-1976 program requirements.

a result of reestimate of materials, services, and supplies

a result of reestimate of travel funds required in Systems

(1)
(2)
(3)
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NATIONAL RADIO ASTRONOMY OBSERVATORY
VLA PROGRAM

CY-1976 REVIEW OF FINANCIAL PLAN
(in thousands) ’

(1)
(2)
(3)

11/01/76
12/01/75 11/01/76 Change
TASK VIII - PROGRAM MANAGEMENT
Personnel Costs 294 321 + 27
Materials, Services, Supplies 311 331 + 20
Travel 30 20 - 10
TOTAL 635 672 + 37
NOTES: (1) Reflects increase due to additional manpower requirement for clerk, cook, and cafeteria
helper which were not budgeted in the Program Plan at 12/01/75.
(2) Reflects increase due to cafeteria operations requirements which were not budgeted in the
Program Plan at 12/01/75.
(3) Decrease in allocation is a result of reéstimate of travel funds required in program
management in CY-1976 Program Plan..
Contingency/Reserve 676 122 - 554

NOTES: (1) Decrease in allocation is a result of authorizing advance procurement of materials by
E-Systems, Inc. for Antennas 11l - 28.

(1)



PROGRAM REPORT .
EXPENDITURES AND COMMITME NTS

CY—-1976 CUMULATIVE ACTIVITY
CY-1976 BUDGET - 15,220,000 (PLUS CARRYOVER)
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PROGRAM SCHEDULES

From 1973 until July, 1975, a detailed PERT network was used

to plan, coordinate, and monitor the progress of the désign; devélopment,
procuremént, fabrication, and test of thevvarious complex subsystems
required for the VIA. This tdok about one and 6né—half'man years per year
to accomplish the mechanics of the system plus considerable additional
time of the scientists and engineers who had to input into the system.
With the completlon of the prototype electronlcs, the delivery of both
omputers, the delivery of the first two antennas, the move of the staff
to New Mex1co, and the start—up of the Systems Integratlon group, it was

dec1ded to terminate the full PERT activity.

Work at the Site is being coordinated by an assistant to the
Program Manager-ﬁnder thé supervision of thé Députy Progiam Manager
through the use of detailed bar schedules for the outfitting of each
antenna. In Charlottesvillé, for the fabrication of the electronic
components, PERT is still beihg used for scheduling and procurement
purposes. There is attachéd, as Figﬁre 20, a summary sheet for the
1976 fabrication of electfonic modulés, racks and bins. The computer
is also beiné used to gather data on the myriads of electronic components
for each module, coordinate the réquireménts, and deliver to the procure-
ment staff consolidated lists. This saﬁes‘multiple requisitions and
purchase orders and results in quantity discounts, which in many cases

are substantial.

There follows as Figure 21 a VIA ACTIVITY SCHEDULE Bar Chart
dated 11/15/76, which is time-scaled to provide a concise, overall view
of the entire Program. This chart is revised monthly to indicate the
current status of the Program and is revised annually or at other times

when major schedule changes occur.

-64-
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NATIONAL RADIO ASTRONOMY UBSERVATORY
CYCLE CODE BAR CHART

PROGRAM L5NOV76 REPORT DATE. ELECTRONICS — MODULES, RACKS . ELCO002 RUN DATE
PROJECT VLA ELECTRONICS MODULES, RACKS, BINS FOR 1976{1) 0b6SEP75 ELOO076- ‘
CYCLE CODE . I ' .
CODE DESCRIPTICN - A ALL ACTIVITIES COMPLETE * ALL ACTIVITIES NOT COMPLETE .
o AAAAAAAAAAAA AAAA Ax%A. AA  AAA ARA FidokA ko ddkdorkk k& . . - .
AH MECH PROCUREMENT AAAAAAAAAAAAAAAAAAA o o H . e - - .
AM  ELEC PROCUREMENT AAAAAAAAAAAAAAERLAAAAAAAA ' - H . . . - N
BB MODULE L4 ) - : ' e T . AAAA H ek . . . o
BE MODULE Lg ' - T - ' - : .AAAA: o** . - . .
BH MODULE L10 . o - AAA o H o R . . . .
BK MODULE L3 - . . . 3 kEkEkE Rk . . - .
BN MDDULE Ll . L) AAA . - H **0 . b - . .
BR MODULE L2 - - AAAAAAAAAAAAA . 3 %k . . - -
BU MODULE Ll4 . - . . Lok . ok . . - B
8Z MOOULE L12 . - . AAAAAAAAA H . . . . .
EB MODULE T5 - . AAAAAAAAAAAAAAAAA: %k . - - .
EE MOODOULE L7 - - e AAAAAAAAAAAAAAAA: %% - - - -
EH MODULE L6 - o AAAAAAAAAAAAAAAAAA. : ¥k . . . . .
EK MODULE T6 - . AAAAAAALAAAAAAAAAAAA X Kidids % A - . ' . .
EN MODULE T4A e - AAAAAAARAAA o : *%, . ‘o . .
ER MODULE T48B - . AAAAAAAAAAA . . H kg . - - .
ES MODULE L5 - - AAAAAAAAAAAAAALAAAAAAAAAA o %X - - . .
EU MODULE L11 . . . . gk, Rk . . . .
GB F1 MODIFICATION . . AAAAAAA . $ x . N - .
GE F2 VCO EVAL. . . AAANAAAAAAAAAAAAAAAAAAL o - . o .
GH F3 MIXER EVAL. - N AAAAAAAAAAAAAAAAAAA H - . - - .
GN F5 MUDIFICATION - - . . e e ek ok ok % . - . .
GX F2,F3;F5 MANUAL - - . . H Fk Heo . e . .
HB MODULE Fl - - AAAA®X, . s - . - . .
HE MODULE F2 . - AAAAAAA P H LR 2 T ° . - °
HH MUDULE F3 . . AAAAAAAA - Aok ok ek i . . - .
HKR MODULE Fé4 - - AAAAA A koo oo deok o ok okl 3 - . . . .
HN MODULE FS . - . - H o KAk . . - o
HR  MODULE Fé6 . . AAAAAAA e &k . . . - .
HU FE POWER SUPPLIES . . AA . . : e . . . .
HX VACUUM pANEL L) L] N AA - ) H [ - . - .
HY PARAMP PUMP PWR - - AA - - H . - . . .
KB POWER SUPPLY P1 . . AAAAAAAAAAAAAAAAAA, 3 ) N . . .
KE POWER SUPPLY P2 - . AAAAAAAAAAAA. H o - - - .
KH POWER SUPPLY P3 . . ~ «AAAAAAAAAAA, H - . - . o
KK POWER SUPPLY P4 . . o AAAAAAAAAA. H . - . - o
KN POWER SUPPLY PS5 o ° « AAAAAAAAA. H - . . . .
NB FE BIN WIRING - N AAA . . H - . . . .
NE CONT RM RACK WIRING . AAAAAAAAAAAAAAA - H . . . - .
NH VERT RM RACK WIRING . - AAAAAAAAAAA N H . . . o .
RB FE RACK WIRING o . AAAA . N 3 . o . . .
RO FE MODULE SHIP - - . - H o &k . . . -
RE CONT RM RACK CKOUT o . o - AAAAA. H o FARERI R HRK o . . .
RH VERT RM RAGK CXOUT . . . AAAA AL H . P - - : - N
. Q1APR7S 01JUL76 010CT76 01JANT77 01APRT77 QLJuL?7 oLraocT?7

18NJ/76

1744377
204AaY76
27JJLT6
L4JANTT
21JANTT
2TIANTT
L0JANTT
280EC76
03JANTT
O3FEBT7
013iT706
37JANTT
2138276
08)Z76
14JANTT
28JECTe
27)EC76
20JaNT77
OLIFESTT
28J:El76
05NJV76
15J2T76
L1JANTT
27JANTT
28JJN\To
18JANTT
L0JANTY
04NIVT5S
087E377
15N3v76
28%AY76
284AY76
26MA7T5
295:P76
293EPT6
2T5EPTS
295EP76
295EPTS
314AY76
304J576
30JJL706
18JUN76
23FEBT7
L744R77
25JAN77



NATIONAL RADIO ASTRONCKY OBSERVATORY
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APPENDIX A

NRAO COMMITTEES

There are four major committees involved with the VLA - the NRAO
Visiting Committée, the NRAO Users Committee, the VLA Advisory Committee,
and the VLA Steering Committee. The first of these provides the AUI Board
of Trustees with an independent appraisal of NRAO performance, including
the VLA. The Users Committee and the Advisory Committee provide broad
overall review and guidance. These two committees furnish scientific input
and are the Program's liaison with the scientific community, thus assuring
broad participation in the Program, The Steering Committee is responsible

for more detailed reviews and advice on scientific and technical aspects

of the Program.

The Visiting Committee and the Users Committee have been in
existence for many years and both have been involved with the VLA since
its early design stages. The Steering Committee is an outgrowth of the
design group, which was formed in the fall of 1972. Each of the committees

is described below in more detail and the current membership of each is given.

In addition to the above standing committees, various ad hoc
committees will be appointed as needed for specific tasks, such as the

evaluation of proposals and selection of contractors.

NRAO VISITING COMMITTEE

This Committee is appointed by the AUI Board of Trustees and
formally reports to the AUI Board on an annual basis. Its function is to
review the performance of the Observatory and advise the Trustees on how
well it is carrying out its function as a national center, the quality of
the scientific work, and the adequacy of its instrumentation and facilities.
A thorough review of the VLA Program will be conducted by this Committee

each year . The current membership of the Committee is:

E. J. Blum Meuden Observatory

R. D. Ekers Kapteyn Laboratory

W. A. Fowler California Institute of Technology
C. E. Heiles University of California, Berkeley
F. J. Kerr ‘ University of Maryland

V. C. Rubin Carnegie Institution of Washington
E. E. Salpeter Cornell University

R. W. Wilson Bell Telephone Laboratories
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NRAO USERS COMMITTEE

This Committee consists of users, and potential users, of NRAO
facilities from throughout the scientific community. It advises the
Director and Observatory staff on all aspects of Observatory activities
that affect the users of the telescopes - development of radiometers and
auxiliary instrumentation, operation of the telescopes, the computer and
other support facilities, and major new instruments. This Committee is

appointed by the NRAO Director. It meets twice a year, and a broad review

and discussion of the VIA will be a
throughout the life of the Program.
The present membership of

B. Balick University of Washington

A. H. Barrxett Massachusetts Institute of Technology
J. J. Bfoderick Virginia Polytechnic Institute

B.~F; Burke Massachusetts Institute of Technology
F. O. Clark University of Kentucky

T. A. Clark NASA - Goddard Space Center

J. J. Condon - Virginia Polytechnic Institute

M. M. Davis .Arecibo Observatory

W. A. Dent University of Massachusetts

J. R. Dickel University of Illinois

J. N. Douglas University of Texas, Austin

F. D. Drake Cornell University

W. C. Exickson University of Maryland

S. J. Goldstein University of Virginia

C. E. Heiles University of California, Berkeley’
D. R. Johnson National Bureau of Standards

F. J. Kerr University of Maryland

G. R. Xnapp California Institute of Technology

H. C. Ko Ohio State University

M. R. Kundu University of Maryland

A. E. Lilley Harvard University

C. H. Mayer U. S. Naval Research Laboratory

P. Palmer University of Chicago

K. W. Riegel University of California, Los Angeles
A. G. Smith University of Florida

principal item for these meetings

this Committee is:
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L. E. Snyder . University of Illinois Observatory

P. Solomon State University of New York (Stony Brook)
G. W. Swenson University of Illinois ‘
J. H. Taylor University of Massachusetts

P. Thaddeus - Institute for Space Studies of New York
G. L. Verschuur University of Colorado

J. F. C. Wardle Brandeis University

J. W. Warwick University of Colorado

G. Westerhout University of Maryland

D. R. W. Williams University of California, Berkeley

R. W. Wilson Bell Telephone Laboratories

W. J. Wilson University of Texas, Austin

B. Zuckerman University of Maryland

VLA ADVISORY COMMITTEE

The Advisory Committee will periodically review the status and
progress of the VLA. Its particular concern is with the broad elements of
the Program, and especially those that directly influence the scientific
capabilities and performance characteristics of the Array. It will advise
on broad aspects of design, scientific emphasis, and priorities, as well as
on general progress, to assist the Director and the Program staff in
assuring that the scientific and technical specifications are met and that

the VLA will be as responsive to the needs of radio astronomy as is possible.

When scientific observing commences, this group may also advise

on the observing programs to be carried out.

The Committee is appointed by the NRAO Director. It is composed
of scientists whose interests encompass all areas of radio astronomy and
technology of concern to the VLA. An attempt is also made to maintain, in
the membership, reasonable geographic distribution and representation of
the major radio astronomy centers. The Committee generally meets twice a
year, depending on the nature of current Program activities and their rate

of progress.
The current membership of the Committee is:

B. F. Burke Massachusetts Institute of Technology

J. N. Douglas University of Texas
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F. D. Drake , Cornell University

R. D. Ekers Kapteyn Laboratory

C. E. Heiles University of California

M. R. Kundu University of Maryland

A. T. Moffet ’ California Institute of Technology
A. E. E. Rogers | Haystack Observatory

G. W. Swenson University of Illinois

VLA STEERING COMMITTEE

The Steering Committee is the principal technical review
cbmmittee for the Program. 1Its principal functidn is to continuously
revieﬁ technical designs, construction plans, etc. to assure that they
are consistent with overall performance goals and that staff or contractor
technical decisions do not.unknowinqu affect the system's performance.
in addition, the Committee advises on technical matters, such as systems

design, components design and- selection, et cetera.

The Committee is appointed by the NRAO Director. It is composed
pringipally of NRAO scientists and engineers who are. thoroughly familiar
both with the scientific requirements and uses of the VLA and with the

techniques and instrumentation employed in the VIA.

The durrent membership of the Committee is:

R. L. Brown D.. E. Hogg '
W. R. Burns H. Hvatumﬁg

B. G. Clark J. H. Lancaster
L. R. D'Addario P. J. Napier

E. B. Fomalont : F. N. Owen

E. W. Greisen s ‘L. Rudnick

D. S. Heeschen A. R. Thompson
V. Herrero N. Vandenberg
R. M. Hjellming o C. M. Wade
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