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Millimeter Array

Construction Cost of the U.S. Reference Project

Addendum - July 1999

U41 National Radio Astronomy Observatory
National Science Foundation

The National Radio Astronomy Observatory is a facility of the National Science Foundation operated
under cooperative agreement by Associated Universities, Inc.



SUMMARY

This document amends the document Millimeter Array: Construction Cost of the U.S.
Reference Project, May 1999. While it was the intent of the May 99 analysis to cost not
only the U.S. Reference Project but also to provide estimates of the cost savings
achievable by reducing the scope of the project, it is the intent of this document to
provide a cost estimate only and specifically of the MMA U.S. Reference Project. A
concise summary of the technical description of the MMA U.S. Reference Project is
found on the following page.

Work Breakdown Structure. The WBS for the construction phase of the MMA U.S.
Reference Project is presented here. It amends the WBS given in the May document and
presents detailed tasking at a still lower level. The WBS provides the overall description
of the construction phase of the MMA U.S. Reference Project and lays out the tasking
and allocation of resources year-by-year. The WBS provides the framework for the
Project Cost determination.

Project Cost. Construction of the MMA U.S. Reference Project would begin in 2001
upon completion of the Design and Development phase. The construction will conclude
at the end of calendar year 2007. The cost tables are presented in this document. Costs
are estimated for all the WBS tasks with deliverables. The cost summaries given here
include year-by-year summaries as well as the Project summary by WBS category. In
addition to estimates of the materials needed for each task, and the time of personnel
working on the task, estimates are also presented for the contingency associated with
each task.

Contingency. The contingency estimate generated for each costed WBS task results from
a bottom-up computation in which the contingency for each part of a given WBS task is
estimated separately and independently; the contingency assigned to a given WBS task is
the sum of the contingency assigned to its sub-tasks. The methodology for assigning a
bottom-up contingency is described below. This approach differs from that used in the
earlier (May 1999) analysis in which a top-down estimate for the contingency was made.

Inflation. An estimate of 2.5% inflation over the period 2001-2007 is used here in the
cost tables. Since inflation is applied to the sum of the costs of materials, personnel and
contingency it potentially has a large effect; this effect is illustrated below for a range of
inflation rates.

Glossary. A Glossary of Terms and Acronyms is included below.



MILLIMETER ARRAY: TECHNICAL SPECIFICATION
OF THE U.S. REFERENCE PROJECT

Array
Number of Antennas
Number of Configurations
Number of Antenna Stations
Frequency Coverage
Number of 4 K Cryogenic Dewars
Number of Receivers
IF Bandwidth from each antenna
Phase Calibration
Array Site
Operations Site

Configurations
Compact
Intermediate (2)
High Resolution

Antennas
Diameter
Surface Precision
Pointing Precision
Total Power
Solar Observing
Transportable

Receivers
28 - 45 GHz HFET
67 - 95 GHz HFET
91 - 119 GHz SIS
125 - 163 GHz SIS
163 - 211 GHz SIS
211 - 275 GHz SIS
275 - 370 GHz SIS
385 - 500 GHz SIS
602 - 720 GHz SIS

Correlator
Number of Antenna Inputs
Number of Baselines (cross-correlations)
Analyzed IF Bandwidth
Spectral Frequency Channels

36
4

130
30 - 720 GHz
36 in total, one per antenna
9 per antenna (all are dual polarization)
16 GHz (8 GHz per polarization)
183 GHz WVR on each antenna
Llano de Chajnantor, Chile (5000 m elev)
San Pedro de Atacama, Chile

70 m circular
250 m, 900 m circular
3000 m circular

10 m
< 25 micrometers RSS
0."8 RSS (re-pointing every 15 min)
Instrumented
Capable with no degradation
By service vehicle over roads

T(Rx) < 20 K
T(Rx) < 40 K
T(Rx) < 6*h*nuk single sideband
T(Rx) < 6*h*nulk single sideband
T(Rx) < 6*h*nu/k single sideband
T(Rx) < 6*h*nu/k single sideband
T(Rx) < 6*h*nu/k single sideband
T(Rx) < 6*h*nu/k single sideband
T(Rx) < 8*h*nu/k single sideband

36
630
8 GHz per polarization
4096 per IF



MMA U.S. REFERENCE PROJECT

Using Bottom-up Contingency Estimation

TASK
Administration
Site Development
Antennas
Receiver System
Local Oscillator
IF System
FO System
Correlator
Computing
System Integration
Calibration and Imaging

Design and Development
Current Year Dollars

$ 3,069.0
$ 178.0
$ 5,942.0
$ 6,370.0
$ 2,636.0
$ 840.0
$ 454.0
$ 1,183.0
$ 1,298.0
$ 518.0
$ 1,445.0

$
$
$
$
$
$
$
$
$
$
$

Construction
1999 Dollars

18,344.0
49,681.0

101,610.0
43,429.0
19,599.0
9,368.0

10,575.0
9,371.0
6,762.0
3,825.0
2,575.0

$
$
$
$
$
$
$
$
$
$
$

Project Totals
1999 Dollars

21,413.0
49,859.0

107,552.0
49,799.0
22,235.0
10,208.0
11,029.0
10,554.0
8,060.0
4,343.0
4,020.0

subtotal

Contingency

23,933.0 $

1,962.0 $

275,139.0 $

67,449.0 $

342,588.0 $ 368,483.0

WBS
1
2
3
4
5
6
7
8
9
10
11

299,072.0

69,411.0

$ 25, 895.0 $TOTAL (k$)



MMA U.S. REFERENCE PROJECT

Rolled up Contingency

TASK
Administration
Site Development
Antennas
Receiver System
Local Oscillator
IF System
FO System
Correlator
Computing
System Integration
Calibration and Imaging

Design and Development
Current Year Dollars

$
$
$
$
$
$
$
$
$
$
$

3,069.0
178.0

7,904.0
6,370.0
2,636.0

840.0
454.0

1,183.0
1,298.0

518.0
1,445.0

Construction
1999 Dollars

18,344.0
49,681.0

101,610.0
43,429.0
19,599.0
9,368.0

10,575.0
9,371.0
6,762.0
3,825.0
2,575.0

Contingency
1999 Dollars

$ 2,261.0
$ 9,770.0
$ 27,010.0
$ 12,106.0
$ 5,321.0
$ 1,474.0
$ 3,452.0
$ 2,607.0
$ 2,210.0
$ 1,022.0
$ 216.0

Contingency
Percent

12%
20%
27%
28%
27%
16%
33%
28%
33%
27%

8%

25,895.0 $ 275,139.0 $ 67,449.0

Project Totals
1999 Dollars

$ 23,674.0
$ 59,629.0
$ 136,524.0
$ 61,905.0
$ 27,556.0
$ 11,682.0
$ 14,481.0
$ 13,161.0
$ 10,270.0
$ 5,365.0
$ 4,236.0

$ 368,483.0

WBS
1
2
3
4
5
6
7
8
9
10
11

TOTAL $



MMA Cost Estimation (1999-June-09)

Basic Cost Estimation
Material, labor, and contract costs will be estimated for each WBS task. Labor rates will be based on
labor categories supplied by individual cost estimators combined with historical cost experience at NRAO.

Labor Categories
SC Scientist EN Engineer
PR Programmer TE Technician & Support

Contingency Cost Estimation
Contingency cost estimation and analysis shall be performed for each task in the MMA WBS. The results
of this analysis will be related to a contingency which shall be listed for each WBS task.

Contingency Methodology
Estimators shall evaluate the technical, cost and schedule risk for every WBS task. For technical risk,

the value of 1 implies "normal industry supplied off the shelf item" and 15 is reserved for components '"way
beyond the current state of the art." For cost risk values, 1 is used to indicate vendor quote or catalog
price for a specific item" and 15 is used for estimates where no data is available. Schedule risk factors
range from 2 to 8. The technical risk factor is multiplied by a risk percentage which is categorized below.
The resulting percentages are added together to establish the total contingency for a particular WBS task.
The minimum contingency percentage under this approach is 5% and the maximum is 98%.

There may be special cases where the parameter limitations defined above are inappropriate. Some
high risk elements may deserve contingencies greater than 98%. In these cases, the discretion of the
estimator, higher values may be used. Justification for these cases must be provided in the estimator's
basis of estimate.

Estimators should use 1999 dollars for their estimates.

Definition of Risk Factors
Risk Factor Technical Cost Schedule

1 Existing design and off the Off the shelf or catalog item. not used
shelf hardware.

2 Minor modifications to an Vendor quote from established No schedule impact
existing design. drawings. on any other item.

3 Extensive modifications to an Vendor quote with some design not used
existing design. sketches.

4 New design within established In-house estimate for item within Delays completion of
product line. current product line. non-critical path

subsystem item.

6 New design different from In-house estimate for item with not used
established product line. minimal company experience but
Existing technology. related to existing capabilities.

8 New design. Requires some In-house estimate for item with Delays completion of
R&D development but does not minimal company experience and critical path
advance the state-of-the-art. minimal in-house capability. subsystem item.

10 New design. Development of Top down estimate from analogous not used
new technology which programs.
advances the state-of-the-art.

15 New design way beyond the Engineering judgement. not used
current state-of-the-art.

Multipliers for ContingencylRisk Calculation
Condition .Risk Percentage

Technical Design or mfg concerns only 2%
Design a mfg concerns 4%

Cost Materialcost or labor rate concern 1%
Material and labor rate 2%
concern

Schedule 1%



MMA U.S. REFERENCE PROJECT

Cost Impact of Inflation

Assumed
Annual
Inflation Rate

1.5%

2.0%

2.5%

3.0%

Aggregate Project
Cost Increment (k$)

$ 25,756.0

$ 36,109.0

$ 45,688.0 * Note

$ 55,498.0

Note: 2.5% Adopted for use in the Cost Summary



ADC
ALMA
Atacama
AUI
Backend
BBC
Bias
BS
CAN
CDL
CEB
C-M
CNC
CVS
CW
D&D
Demux
Detector
Dewar
DMM
DWDM
Feedhorn
FFT
FIR
FITS
FO
GHz
HEMT
HFET
Holography

HP
IF
InP
Insert

IR
Jig
JT System
LHe
LN2
LNA
LO

GLOSSARY OF TERMS AND ACRONYMS

Analog to digital converter
Atacama Large Millimeter Array
The desert region that dominates northern Chile
Associated Universities, Inc.
Processing hardware following all amplification stages
Baseband Converter
Sustained voltage or current needed for device operation
Base station, another term for OSF
Computer Area Network
Central Development Laboratory (NRAO)
Central electronics building (on array site)
Control-Monitoring function
Computer Numerically Controlled (machine)
Code Validation System (for software version control)
Continuous wave
Design and Development
Demultiplexor
The first stage amplifier or mixer device in its mount
Cryogenic vessel containing the receiver inserts
Digital multimeter
Digital wavelength division multiplexing
Machined conical optical focus for the received signals
Fast fourier transform
Finite impulse response
Flexible Image Transport System
Fiber optics
GigaHertz (10^9 Hertz)
High Electron Mobility Transistor (also known as HFET)
Heterostructure Field Effect Transistor (also HEMT)
Interferometric relative phase recovery system for measurement

of antenna surface figure
Hewlett-Packard, electronics manufacturer
Intermediate frequency
Indium Phosphide
Receiver at one frequency band. Consists of the detector module,

second stage amplifier and LO port
Infrared
Fixture to aid assembly of component parts
Joule-Thompson expansion system for cryogenic refrigerator
Liquid helium
Liquid nitrogen
Low noise amplifier
Local oscillator



LPF
LST
LTA
M/C
MMA
MMAOC
MMIC
Module
Mux
NRAO
NSF
OMT
OSF

PC
PCB
PL
PLO
PM
PPR
PPRC
Quasi-optical
RF
RFI
RT
Rx
SIS
Stony Brook
Tek
Transporter
Tx
UVA
UV-data
UV-plane
VLBI
VME
VXCO
WBS
WVR
YIG

Low pass filter
Local Sidereal Time
Long term accumulator
Monitor and control
Millimeter Array
MMA Oversight Committee, a NSF committee
Monolithic Millimeter-wave Integrated Circuit
Integrated assembly of discrete devices
Multiplexer
National Radio Astronomy Observatory
National Science Foundation
Orthomode transducer. Waveguide device to split polarizations
Operations Support Facility, the MMA operations center

in San Pedro de Atacama, Chile
Personal computer
PC board
Phase lock
Phase locked oscillator
Polarization maintaining
Prototype Production Receiver
Prototype Production Receiver Cryogenics
RF components functionally similar to optical components
Radio frequency
Radio frequency interference
Round trip
Receiver
Superconductor-Insulator-Superconductor, mixer device
State University of New York at Stony Brook
Tektronix, electronics manufacturer
Vehicle to move and reposition the antennas
Transmitter
University of Virginia
Source visibility data in the fourier plane
Image fourier plane
Very Long Baseline Interferometry
Tradename of Wind River Systems, Inc. product
Voltage-controlled oscillator
Work Breakdown Structure
Water Vapor Radiometer
Yttrium-Indium-Germanium (fundamental oscillator)



Work Breakdown Structure



MMA Construction Tasks File: usonly1999jul05.mpp View: Clean Gantt View
SAll Tasks selected Printed: 2:01 PM 1999-07-05; Page 1 of 27

2001 2002 2003 2004 2005 2006 2007

WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1 Q21Q31Q4 Q1 Q2 Q3 Q4 Q1 Q21Q3Q4 Q1

1 Administration 2001-01-01 2008-01-01 No

11 Proiect Manaaement 2001-01-01 2007-12-27 Yes

1.1.A Management, Planning, and Oversight 2001-01-01 2007-12-27 Yes

1.1.2 Business Operations 2001-01-01 2007-12-27 Yes

1.1.3 Chilean Operations 2001-01-01 2007-12-27 Yes

1.1.4 Safety and Health 2001-01-01 2007-12-27 Yes

1.1.5 Personnel 2001-01-01 2007-12-27 Yes

1.1.6 Project Science Office 2001-01-01 2007-12-27 Yes

1.1.7 AUI Management 2001-01-01 2007-12-27 Yes

1.2 Engineering 2001-1-01 2008&1-1 Y

1.2.1 System Engineering--Phase II 2001-01-01 2008-01-01 Yes

1.2.2 Documentation System 2001-01-01 2008-01-01 Yes

1.2.3 Production Engineering 2001-01-01 2008-01-01 Yes

1.3 US Facilities 2001-01-1 2007-12-27 Ys

1.3.1 CDL Permanent Facilities 2001-01-01 2005-12-29 Yes

1.3.2 Manufacturing Facilities 2001-01-01 2007-12-27 Yes

1.3.3 Common Infrastructure 2001-01-01 2007-12-27 Yes
Como In sr , ,

Milestones: bold type Task _ Milestone . Summary
Summary Tasks: underline -



MMA Construction Tasks File: usonlyl999ju105.mpp View: Clean Gantt View

All Tasks selected Printed: 2:01 PM 1999-07-05; Page 2 of 27

2001 2002 2003 2004 2005 2006 2007

WBS (f) Task Start Finish CostData? 4Q4 Q1 Q2 Q3Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1a Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

2

2.1

2.2

2.3

2.4

2.1

2.5.1.1

2.5.1.2

2.5.1.3

2.5.2.1

2.5.2.2

2.5.2.3

2531

2.5.3.1

2.5.3.2

2.S.3.3

2&

2.6.1.1

2.6.1.2

2.6.1.3

2.6.2

2.6.2.1

2.6.2.2

2.6.2.3

2..3

2.6.3.1

2.6.3.2

Site Development

Review Legalities Regarding Array and OSF Sites

Maintain Mining claims

Contract A&E Studies

Hire Construction Manager for Chile

Array Site

Preoare Site Develooment Bid Packaqes

Prepare Package for Array Site

Review Bid Packages

Bid Civil Works Construction

Evaluate Array Site Bid Resoonse

Review Bids

Recommend Contractors

Award Array Site Contracts

Contract Array Site Civil Works

Array Site

Inspect Completed Site Constr

Accept Site Facility

Operations Suooort Facility

Preoare OSF Bid Packages

Prepare Package for OSF

Review Bid Packages

Bid Civil Works Construction

Evaluate OSF Bid Resoonse

Review Bids

Recommend Contractors

Award Contracts

Contract OSF Civil Works

Operations Support Facility

Inspect Completed OSF Constr

2001-01-01

2001-01-01

2001-01-04

2001-01-01

2001-03-01

2001-01

2001-06-01

2001-06-01

2001-11-02

2001-12-03

2002-02-01

2002-02-01

2002-02-21

2002-02-28

2002-03-01

2004-03-01

2004-03-12

2001-0O6-1

2001-0601

2001-06-01

2001-11-02

2001-12-03

2002-02-01

2002-02-01

2002-02-22

2002-03-01

2002-03-04

2002-03-04

2004-03-02

2008-01-01

2001-07-02

2008-01-01

2001-10-31

2001-03-01

2004-03-12

2001-12-03

2001-11-01

2001-12-03

2001-12-03

2002-02-28

2002-02-21

2002-02-28

2002-02-28

20044d12

2004-02-27

2004-03-12

2004-03-12

2004-03-15

2001-12-03

2001-11-01

2001-12-03

2001-12-03

2002-03-01

2002-02-21

2002-03-01

2002-03-01

2004-03-15

2004-03-01

2004-03-15

2004-03-12

i-v

I

A 2001-12-03

w i

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

A 2001-03-01

i 

A 2001-12-03

I



MMA Construction Tasks File: usonly1999jul05.mpp View: Clean Gantt View

All Tasks selected Printed: 2:01 PM 1999-07-05; Page 3 of 27

2001 2002 2003 2004 2005 2006 2007

WBS (f) Task Start Finish CostData? Q4 Q1 Q2 314 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1
2.6.3.3 Accept OSF Facility 2004-03-15 2004-03-15 No 2004-03-15

2L OSFIArray Link 2001-0-01 2 .002-1 -13 N

2,1 Precare OSFIArrav Link Bid Package 2001-06-01 2001-12-03 No

2.7.1 1 Prepare Package for OSF/Array F/O Link 2001-06-01 2001-11-01 No

2.7.1.2 Review Bid Package 2001-11-02 2001-12-03 No

2.7.1.3 Bid OSFIArray Link Construction 2001-12-03 2001-12-03 No 2001-12-03

2.7.2 Evaluate Bid Response 2002-02-01 2002-03-01 No
2.7.2.1 Review Bids 2002-02-01 2002-02-21 No

2.7.2.2 Recommend Contractors 2002-02-22 2002-03-01 No

2.7.2.3 Award Contracts 2002-03-01 2002-03-01 No A2002-03- 1

2LU Contract Civil Works 2002-08-01 2002-12-12 ye

2.7.3.1 OSF/Array Link 2002-08-01 2002-11-29 No

2.7.3.2 Inspect Completed OSF/Array Link Constr 2002-12-02 2002-12-13 No

2.7.3.3 Accept OSFIArray Link 2002-12-13 2002-12-13 No 2002-12-13

28 Prepare for Instrument Assembly 2003-09-01 29431

2.8.1 Equip Array Site 2003-09-01 2004-08-31 Yes

2.8.2 Equip Operations Support Facility 2003-09-01 2004-08-31 Yes

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline



MMA Construction Tasks File: usonly1999ju105.mpp View: Clean Gantt View

All Tasks selected Printed: 2:01 PM 1999-07-05; Page 4 of 27

2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q21Q3 Q4 Q1 Q2 Q3 Q4 Q1
3

3.1

3.3.40

3.3.45

3.8

3.8.10

3.8.15

3.8.20

3.8.25

3.8.30

3.8.35

3.15.1

3.15.2

3.17

3.20

3.21

3.23

3.25

3.27

3.29

3.31

3.33

3.35

3.37

3.39

3.41

3.43

3.45

Antenna

Antenna Engineering Support

Procurement of Prototype Antenna

Acceptance Tests Antenna #1

Delivery of Antenna #1

Antenna Transorter

Sign Transporter Contract

Transporter Acceptance tests

DeliverlAccept Transporter #1

Contract for Transporters #2, #3

Accept Transporter #2 at OSF

Contract for Transporter #1 Move to site

Procurement of Antenna 2

Antenna #2 Contract Supervision

Antenna #2 Acceptance tests

Negotiate Production Antenna Contract

Sign Contract for Production Antennas

Antenna Contract Supervision

Accept Antenna #3 at OSF

Accept Antenna #4 at OSF

Accept Antenna#5 at OSF

Accept Antenna#6 at OSF

Accept Antenna #7 at OSF

Accept Antenna #8 at OSF

Accept Antenna #9 at OSF

Accept Antenna #10 at OSF

Accept Antenna #11 at OSF

Accept Antenna #12 at OSF

Accept Antenna #13 at OSF

Accept Antenna #14 at OSF

2001-01-01

2001-01-01

2001-0409

2001-04-09

2001-06-01

2001-01-26

2001-01-26

2001-04-30

2001-06-01

2003-04-01

2004-02-02

2005-08-31

20019-1-01

2001-01-01

2001-11-05

2002-09-02

2002-12-31

2003-01-01

2004-04-02

2004-08-01

2004-10-01

2004-12-01

2005-01-17

2005-03-01

2005-04-04

2005-05-09

2005-06-20

2005-07-25

2005-09-05

2005-10-10

II
. 2001-06-01 iSii

2007-10-30

2002-12-31

2001-06-01

2001-06-01

2001-06-01

2005-08-31

2001-01-26

2001-06-01

2001-06-01

2003-04-01

2004-02-02

2005-08-31

2001-12-28

2001-12-28

2001-12-28

2002-12-31

2002-12-31

2006-12-29

2004-04-02

2004-08-01

2004-10-01

2004-12-01

2005-01-17

2005-03-01

2005-04-04

2005-05-09

2005-06-20

2005-07-25

2005-09-05

2005-10-10

ii
I

A 2605-08-31

0 01-01-26

Soo001-06-01

l

i(

i
I

I

)o4-08-01

004-10-01

I 2004-12-01

2005-01-1 7 1

A 2005-03- 1

A 2005-0404

A 2005-5-09

A 2005 06-20

A 2005-07-25

A 2905-09-05

S2005-10-10

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

A 2003-0401

L 2004-02-0,

2002-12-31



MMA Construction Tasks File: usonly1999ju105.mpp View: Clean Gantt View

All Tasks selected Printed: 2:01 PM 1999-07-05; Page 5 of 27

2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q03Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1

Accept Antenna #15 at OSF

Accept Antenna #16 at OSF

Accept Antenna #17 at OSF

Accept Antenna #18 at OSF

Accept Antenna #19 at OSF

Accept Antenna #20 at OSF

Accept Antenna #21 at OSF

Accept Antenna #22 at OSF

Accept Antenna #23 at OSF

Accept Antenna #24 at OSF

Accept Antenna #25 at OSF

Accept Antenna #26 at OSF

Accept Antenna #27 at OSF

Accept Antenna #28 at OSF

Accept Antenna #29 at OSF

Accept Antenna #30 at OSF

Accept Antenna #31 at OSF

Accept Antenna #32 at OSF

Accept Antenna #33 at OSF

Accept Antenna #34 at OSF

Accept Antenna #35 at OSF

Accept Antenna #36 at OSF

Accept Antenna #1 at OSF

Accept Antenna #2 at OSF

2005-11-21

2006-01-16

2006-02-20

2006-03-15

2006-04-17

2006-05-15

2006-06-15

2006-07-17

2006-08-15

2006-09-15

2006-10-16

2006-11-15

2006-12-15

2007-01-15

2007-02-19

2007-04-02

2007-05-07

2007-06-18

2007-07-23

2007-08-27

2007-09-24

2007-10-30

2005-05-30

2005-06-30

2005-11-21

2006-01-16

2006-02-20

2006-03-15

2006-04-17

2006-05-15

2006-06-15

2006-07-17

2006-08-15

2006-09-15

2006-10-16

2006-11-15

2006-12-15

2007-01-15

2007-02-19

2007-04-02

2007-05-07

2007-06-18

2007-07-23

2007-08-27

2007-09-24

2007-10-30

2005-05-30

2005-06-30

A20

A 2005-11-21

A 2006-01-16

A 2006-02-20

A 2006-03-15

A 2006-04-17

A 2006-05-15

A 2006-06-15

A 2006-07-17

A 2006-08-15

A 2006-09-15

A 2006-10-16

A 2006-11-15

A 2006-12-15

A 2007-01-15

S2007-02-1

S2007-0402
2007-0-0

A 2007-

200

S20

05-05-30

2005-06-30

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

,
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Ql
4.

41,1

4.1.1

4.1.1.1

4.1.1.2

4.1.1.3

4.1.1.4

4.1.2

4.1.2.1

4.1.2.2

4.1.2.3.1

4.1.2.3.1

4.1.2.3.2

4.1.2.3.3

4.1.2.3.4

4.1.2.4

4.1.3.1

4.1.3.1

4.1.3.2

4MA

4.1.4.1

4.1.4.2

4.1.4.3

4.1.4.4

4.1.4.5

4.1.4.6

4.1.4.7

4.1.4.8

4.1.4.9

4.1.4

Receivers

Prototvoe Production Receiver ( PPR I

Prototypoe Production Receiver Croaenics I PPRC )

CDR PPRC

Fabricate PPRC

Test PPRC

Deliver PPRC

PPR Dewar

PPR Dewar Design

PPR Dewar Fabrication and Vacuum Testing

PPR Vacuum Windows and IR Filters

PPR Vacuum Windows fabrication

Acceptance PPR Vacuum Windows

PPR IR Filter fabrication

Acceptance PPR IR Windows

PPR Cryogenics/Dewar Assembly and Testing

PPR Electronics

PPR Control-Monitoring and Bias Electronics Design

PPR Control-Monitor and Bias Electronics Construction

PPR Receiver Inserts

Insert Mechanical-Thermal Design, Bands <275 GHz (Wavegu

Insert Component Fabrication for Bands <275 GHz

Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi

Insert Component Fabrication for Bands >275 Ghz

Accept 211-275 GHz Detector Modules for PPR

Accept 602-720 GHz Detector Modules for PPR

Accept IF Amplifiers for PPR

PPR Insert Assembly (3 Bands)

PPR Insert Testing (3 Bands)

PPR Vacuum System

2001-01-01

2001-1-01

2001-03-30

2001-03-30

2001-04-30

2001-09-03

2001-11-30

2001-01-01

2001-01-01

2001-06-01

2001-02-01

2001-02-01

2001-08-01

2001-03-01

2001-08-30

2001-11-01

2001-01-01

2001-01-01

2001-07-02

2001-01-01

2001-01-01

2001-07-02

2001-01-01

2001-07-02

2001-11-09

2002-04-10

2001-11-05

2001-10-01

2001-12-31

2001-06-01

2008-01-01

2008-01-01

2001-11-30

2001-03-30

2001-10-01

2001-11-30

2001-11-30

2001-12-31

2001-06-29

2001-10-30

2001-08-30

2001-07-31

2001-08-01

2001-08-29

2001-08-30

2001-12-31

2001-10-31

2001-06-29

2001-10-31

2002-04-10

2001-06-29

2001-10-31

2001-06-29

2001-09-28

2001-11-09

2002-04-10

2001-11-05

2001-12-28

2002-03-29

2001-07-31 Gw
Milestones: bold type Task -Milestone A Summary
Summary Tasks: underline

A 2001-03-30

p 2001-11-30

S001-08-30

i •

A 2001-11-09

S2002-04-10
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2001 2002 2003 2004 2005 2006 2007

WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 3 4 Q1al Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1IQ2 Q3 Q4 Q1 Q2 Q3 Q4 Qi Q2 Q3 Q4 Q1
4.1.5.1

4.1.6

4J17

4.1.7.1

4.1.7.2

4.1.8.1

4.1.8.2

4.1.9

4.1.9.1

4.1.9.2

4.1.9.3

4.1.10.1

4.1.10.1

4.1.10.2

4.1.10.3

42

4.2.1

4 2.2

4.2.3

,4

4.2.4.1

4.2.4.2

4.2.4.3

4.2.4.4

4.2.4.5

4.2.4.6

4.2.4.7

4.2.4.8

4.2.4.9

PPR Vacuum System Assembly

Accept PPR LO System

PPR Post IF System

PPR Post IF System Design

PPR Post IF System Construction and Testing

Prototype Production Receiver Frame

PPR Frame Design

PPR Frame Fabrication

PPR Assembly and Test

Prototype Production Receiver Integration

PPR Testing and Evaluation

Complete Prototype Production Receiver

PPR Test Eauipmnent and Test Sets

Design and build Prototype and Production Receiver Test Set

Design and Fabricate Receiver Insert Test Set

General Test Equipment

Production MMA Receiver (MMA Rx)

MMA Receiver (MMA Rx) Design Refinement

MMA Receiver (MMA Rx) Documentation

Release MMA Receiver (MMA Rx) for Manufacture

Production of MMA Rx Subassemblies

MMA Rx Dewar Fabrication

MMA Rx Cryogenics Fabrication

Vacuum Windows and IR Filters Fabrication

Receiver Insert Fabrication

MMA Receiver Frame Fabrication and assembly

Vacuum System Fabrication and testing.

Bias and Control-Monitoring Electronics Construction

Accept Detector Modules

Assemble Receiver Inserts and Test

2001-06-01

2001-10-01

2001-04-02

2001-04-02

2001-07-02

2001-01-01

2001-01-01

2001-04-02

2001-07-02

2001-07-02

2001-12-31

2002-.06-28

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-11-41

2002-07-01

2002-07-01

2002-10-25

2001-11-01

2003-01-01

2003-01-01

2002-05-01

2003-01-01

2002-12-02

2003-01-01

2002-07-01

2001-11-01

2003-09-02

2001-07-31

2001-10-01

2001-08-30

2001-06-29

2001-08-30

2001-08-30

2001-03-30

2001-08-30

2002-06-28

2002-04-30

2002-06-28

2002-06-28

2008-01-01

2001-12-28

2001-12-31

2008-01-01

20017-12-31

2002-10-25

2002-10-25

2002-10-25

2007-12-21

2007-05-31

2007-03-30

2006-05-31

2007-07-31

2007-08-31

2006-12-29

2006-11-28

2007-06-14

2007-12-21

01-10-01

2

2002-0628

* A p00-10-25

Y I '

I I

Y -V

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Qi Q2 Q3 Q4 Q1

4.24.9.1

4.2.4.9.1.1

4.2.4.9.1.2

4.2.4.9.1.3

424.9.2.1

4.2.4.9.2.1

4.2.4.9.2.2

4.24.9.2.3

4.2.49.32

4.2.4.9.3.1

4.24.9.3.2

4.24.9.3.3

42.4.9.5.1

4.2.4.9.4.1

4.2.4.9.4.2

4.2.49.4.3

4.2.4.9.

4.2.49.5.1

4.2.4.9.5.2

4.2.4.9.5.3

4.2.4.9.6.1

4.2.49.6.2

4.24.9.6.3

4 249.7.1

4.2.4.9.7.2

4.2.4.9.7.3

4.2.4.10

4.25

Deliver 211-275 GHz Receiver Inserts

Deliver 211-275 GHz Receiver Inserts #1-7

Deliver 211-275 GHz Receiver Inserts #8-26

Deliver 211-275 GHz Receiver Inserts #27-40

Deliver 602-720 GHz Receiver Inserts

Deliver 602-720 GHz Receiver Inserts #1-7

Deliver 602-720 GHz Receiver Inserts #8-26

Deliver 602-720 GHz Receiver Inserts #27-40

Deliver 275-370 GHz Receiver Inserts

Deliver 275-370 GHz Receiver inserts #1-5

Deliver 275-370 GHz Receiver Inserts #6-30

Deliver 275-370 GHz Receiver Inserts #30-40

Deliver 89-116 GHz Receiver Inserts

Deliver 89-116 GHz Receiver Inserts #1-5

Deliver 89-116 GHz Receiver Inserts #6-30

Deliver 89-116 GHz Receiver Inserts # 31-40

Deliver 163-211 GHz Receiver Inserts

Deliver 163-211 GHz Receiver Inserts #1-5

Deliver 163-211 GHz Receiver Inserts #6-30

Deliver 163-211 GHz Receiver Inserts #31-40

Deliver 385-500 GHz Receiver Inserts

Deliver 385-500 GHz Receiver Inserts #1-5

Deliver 385-500 GHz Receiver Inserts #6-30

Deliver 385-500 GHz Receiver Inserts #31-40

Deliver 125-163 GHz Receiver Inserts

Deliver 125-163 GHz Modules #1-5

Deliver 125-163 GHz Modules #6-30

Deliver 125-163 GHz Modules #31-40

Assemble MMA Rx IF System

Acceot MMA Rx Subassemblies

2003-09-02

2003-09-02

2004-12-31

2005-06-30

2003-12-01

2003-12-01

2004-12-31

2005-06-30

2004.1101

2004-11-01

2006-01-02

2006-05-31

2004-11-01

2004-11-01

2005-10-01

2006-05-31

2006-01-31

2007-01-01

2007-05-31

2006-01

2006-01-01

2007-01-01

2007-08-31

2006-0731

2006-07-31

2007-06-01

2007-12-21

2003-03-03

2003-06-30

2005-0-30 N

2003-09-02 No

2004-12-31 No

2005-06-30 No

2005-06-3O Ro

2003-12-01 No

2004-12-31 No

2005-06-30 No

2006-05-31 tN

2004-11-01 No

2006-01-02 No

2006-05-31 No

200S4l-31 NO

2004-11-01 No

2005-10-01 No

2006-05-31 No

20Z0 0-31 tO

2006-01-31 No

2007-01-01 No

2007-05-31 No

2007-08-31 o

2006-01-01 No

2007-01-01 No

2007-08-31 No

2007-12-21 No

2006-07-31 No

2007-06-01 No

2007-12-21 No

2007-06-29 Yes

2007-01-02 No

2004-11- 01

A 2005-10-01

A 2006-05-31

S2006-01-31

A 2007-01-01,i

S2007-05-

A 2006-01-01

A 2007-01-01

A 2007-

A 2006-07-31

S2007-06-

S2

-I-

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

A 2003-09-02

2004-12-31

, 2005-06-30

S2003-12-01

2004-12-31

A 2005-06-30Ai

I . 2004-11-01

f 2006-01-02

A 2006-05-31!

I "V v

I
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All Tasks selected

2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q31Q4 Q1IQ2 Q3 Q4 QQ2Q3Q4 Q 1 Q2 Q3 Q4 Q1

4.2.5.1

4.2.5.2

4.2.5.3

4.2.5.4

4.2.5.5

4.2.6

4.2.6.14.2.6.2

4.2.6.2

4.2.6.3

4.2.6.4

4.2.6.5

4.2.6.6

4.2.6.7

4.2.6.8

4.2.6.9

4.2.6.10

4.2.6.11

4.5 1

4.5.2

4.5.3

4.3

43.1

4.3.1.1

4.3.1.2

4.3.1.3

4.3.1.4

4.3.1.5

4.3.1.6

4.3.1.7

Accept MMA Receiver Subassemblies 1 to 6

Accept MMA Receiver Subassemblies 7 to 16

Accept MMA Receiver Subassemblies 17 to 26

Accept MMA Receiver Subassemblies 27 to 36

Accept MMA Receiver Subassemblies 37 to 40

Assemble MMA Receivers

Integrate Test & Commission MMA Receivers

MMA Receivers 1 to 6

Deliver MMA Receiver #1-6

MMA Receivers 7 to 16

Deliver MMA Receiver #7-16

MMA Receivers 17 to 26

Deliver MMA Receiver #17-26

MMA Receivers 27 to 36

Deliver MMA Receiver #27-36

MMA Receivers 37 to 40

Deliver MMA Receiver #37-40

Evaluation Receiver #2

Construct and test Cryo system for 2nd Evaluation Receiver

Fabrication and assembly of 2nd Evaluation Receiver.

Test and Commission 2nd Evaluation Receiver

SIS Detector Modules

211-275 GHz Detector Modules

Design, Fab, and Test 211-275 GHz Mixer Design

Deliver Production Design 211-275 GHz SIS Mixer

Fabricate 211-275 GHz mixer blocks

Fabricate & test 211-275 GHz SIS Mixer Detector Modules

Deliver 211-275 GHz SIS mixer Detector Module #1-14

Deliver 211-275 GHz SIS mixer Detector Module #15-52

Deliver 211-275 GHz SIS mixer Detector Module #53-80

2003-06-30

2004-03-01

2005-01-03

2006-01-02

2007-01-02

2003-06-03

2003-06-03

2003-06-03

2004-01-30

2004-02-02

2004-11-30

2004-12-01

2005-11-30

2005-12-01

2006-11-30

2006-12-01

2007-10-01

2001-01-01

2001-01-01

2001-01-01

2001-10-01

2001-01-01

2001-01-01

2001-01-01

2001-04-10

2001-04-10

2001-05-04

2001-11-09

2002-07-08

2002-12-31

A 2003-06-30

A 2004-03-01

1 2005-01-03

A 2006-01-02

I A 2007-01-02

2003-06-30

2004-03-01

2005-01-03

2006-01-02

2007-01-02

2007-12-31

2007-12-31

2004-01-30

2004-01-30

2004-11-30

2004-11-30

2005-11-30

2005-11-30

2006-11-30

2006-11-30

2007-09-28

2007-10-01

2001-12-28

2001-05-31

2001-09-28

2001-12-28

2007-07-02

2002-12-31

2001-04-09

2001-04-10

2002-03-29

2002-12-31

2001-11-09

2002-07-08

2002-12-31

o 200

i
1-09

2-07-08

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

2005-11-30

i •
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 IQ1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

43.2

4.3.2.1

4.3.2.2

4.3.2.3

4.3.2.4

4.3.2.5

4.3.2.6

4.3.2.7

4.3.3.1

4.3.3.2

4.3.3.3

4.3.3.4

4.3.3.5

4.3.3.6

4.3.3.7

4.3.4.1

4.3.4.2

4.3.4.3

4.3.4.4

4.3.4.5

4.3.4.6

4.3.4.7

4.3.5.1

4.3.5.2

4.3.5.3

4.3.5.4

4.3.5.5

602-720 GHz Detector Modules

Design, Fab, and Test 602-720 GHz Mixer Design

Deliver Production Design 602-720 GHz SIS Mixer

Fabricate 602-720 GHz mixer blocks

Fabricate & test 602-720 GHz SIS Mixer Detector Modules

Deliver 602-720 GHz SIS mixer Detector Module #1-14

Deliver 602-720 GHz SIS mixer Detector Module #15-52

Deliver 602-720 GHz SIS mixer Detector Module #53-80

275-370 GHz Detector Modules

Design, Fab, and Test 275-370 GHz Mixer Design

Deliver Production Design 275-370 GHz SIS Mixer

Fabricate 275-370 GHz mixer blocks

Fabricate & test 275-370 GHz SIS Mixer Detector Modules

Deliver 275-370 GHz SIS mixer Detector Module #1-14

Deliver 275-370 GHz SIS mixer Detector Module #15-52

Deliver 275-370 GHz SIS mixer Detector Module #53-80

89-116 GHz Detector Modules

Design, Fab, and Test 89-116 GHz Mixer Design

Deliver Production Design 89-116 GHz SIS Mixer

Fabricate 89-116 GHz mixer blocks

Fabricate 89-116 GHz SIS mixer Detector Modules

Deliver 89-116 GHz SIS mixer Detector Module #1-14

Deliver 89-116 GHz SIS mixer Detector Module #15-52

Deliver 89-116 GHz StS mixer Detector Module #53-80

163-211 GHz Detector Modules

Design, Fab, and Test 163-211 GHz Mixer Design

Deliver Production Design 163-211 GHz SIS Mixer

Fabricate 163-211 GHz Mixer Blocks

Fabricate & test 163-211 GHz SIS Mixer Detector Modules

Deliver 163-211 GHz SIS mixer Detector Module #1-14

2001-01-01

2001-01-01

2002-01-01

2002-01-01

2002-01-02

2002-04-10

2003-02-27

2003-08-22

2001-04-10

2001-04-10

2003-01-01

2003-01-01

2003-01-02

2003-04-10

2003-12-04

2004-05-28

2002-01-02

2002-01-02

2003-05-30

2003-05-30

2003-08-22

2003-12-01

2004-07-27

2005-01-18

29o"1-°1

2003-01-01

2004-05-28

2004-05-28

2004-05-31

2004-09-06

T

S2-01-01

A

II

tl

2003-09-01

2002-01-01

2002-01-01

2002-12-31

2003-09-01

2002-04-10

2003-02-27

2003-08-22

2004-05-28

2003-01-01

2003-01-01

2003-12-31

2004-05-28

2003-04-10

2003-12-04

2004-05-28

2005-03-07

2003-05-30

2003-05-30

2004-11-01

2005-03-07

2003-12-01

2004-07-27

2005-01-18

2005-12-13

2004-05-28

2004-05-28

2005-09-01

2005-12-13

2004-09-06

1 203-08-22

200

I

04-10

4-23-12-04
A 2004-

30

K 1o

A

I

15-28

2-01

7 7-27

2005-01-18

!8

09-06

Milestones: bold type Task Milestone Summary
Summary Tasks: underline
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1 Q2 Q3 Q4 Q1
4.3.5.6

4.3.5.7

4.3.6

4.3.6.1

4.3.6.2

4.3.6.3

4.3.6.4

4.3.6.5

4.3.6.6

4.3.6.7

411

4.3.7.1

4.3.7.2

4.3.7.3

4.3.7.4

4.3.7.5

4.3.7.6

4.3.7.7

4.3.8.1

4.3.8.2

4.3.8.3

4.3.8.4

4.3.8.5

4.3.8.6

4.3.8.7.1

4.3.8.7.2

4.3.8.7.3

4.3.8.8

Deliver 163-211 GHz SIS mixer Detector Module #15-52

Deliver 163-211 GHz SIS mixer Detector Module #53-80

385-500 GHz Detector Modules

Design, Fab, and Test 385-500 GHz Mixer Design

Deliver Production Design 385-500 GHz SIS Mixer

Fabricate 385-500 GHz mixer blocks

Fabricate & Test 385-500 GHz SIS Mixer Detector Modules

Deliver 385-500 GHz SIS mixer Detector Module #1-14

Deliver 385-500 GHz SIS mixer Detector Module #15-52

Deliver 385-500 GHz SIS mixer Detector Module #53-80

125-163 GHz Detector Modules

Design, Fab, and Test 125-163 GHz Mixer Design

Deliver Production Design 125-163 GHz SIS Mixer

Fabricate 125-163 GHz mixer blocks

Fabricate & Test 125-163 GHz SIS Mixer Detector Modules

Deliver 125-163 GHz SIS mixer Detector Module #1-14

Deliver 125-163 GHz SIS mixer Detector Module #15-52

Deliver 125-163 GHz SIS mixer Detector Module #53-80

SIS Detector Module Fabrication & Test Facilities

Build SIS Fabrication Equipment

Build SIS Test Dewar & Rack #1

Build SIS Test Dewar & Rack #2

Build SIS Test Dewar & Rack #3

Build SIS Test Dewar & Rack #4

Build Wafer Evaluation Test Sets

Test Equioment

General SIS Test Equipment

Equip Network Analyzer to 330 GHz

Near-Field Antenna Test Equipment

Build 211-275 GHz Test Plates

2005-05-02

2005-10-25

2003-06-02

2003-06-02

2004-12-06

2004-12-06

2005-01-18

2005-04-27

2006-01-19

2006-08-04

2004-05-31

2004-05-31

2005-11-28

2005-11-28

2005-11-29

2006-03-07

2006-11-29

2007-06-14

2001-01-01

2001-01-02

2001-01-02

2001-04-02

2001-06-01

2001-10-01

2001-01-02

2001-01-01

2001-01-01

2001-01-02

2001-01-02

2001-01-02

5-05-02

.A-005-10-25
:- -

2005-05-02

2005-10-25

2006-08-04

2004-12-06

2004-12-06

2006-04-03

2006-08-03

2005-04-27

2006-01-19

2006-08-04

2007-06-14

2005-11-28

2005-11-28

2007-02-01

2007-06-14

2006-03-07

2006-11-29

2007-06-14

2005-11-29

2001-06-29

2001-12-31

2002-03-29

2002-05-30

2002-12-30

2001-07-02

2001-09-03

2001-06-29

2001-07-02

2001-09-03

2001-07-02

1-27

, 6-01-19

A 2006-08-04

; A 202005-11-28

6-11-29

. 2007-06-

I

wI
-U

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

2 04-12-06
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1

1
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q31Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
4.3.8.9

4.3.8.10

4.3.8.11

4.3.8.12

4.3.8.13

4.3.8.14

4.3.9.1

4.3.9.2

4.3.9.3

4.4.1

4.4.2

4.4.3.1

4.4.3.2

4.4.3.3

4.4.3.4

4.4.4

4.4.4.1

4.4.4.2

4.4.4.3

4.4.4.4

4.4.4.5
4.4.4.5

Build 602-720 GHz Test Plates

Build 275-370 GHz Test Plates

Build 89-116 GHz Test Plates

Build 163-211 GHz Test Plates

Build 385-500 GHz Test Plates

Build 125-163 GHz Test Plates

IF Amplifiers

Obtain and evaluate InP IF amplifier wafers

Build IF amplifiers

Deliver IF Amplifiers for PPR

HFET Detector Modules

Contract for HFET Wafer

Receive and evaluate InP LNA Wafer

31-45 GHz HFET Detector Module

Build 31-45 GHz HFET Detector Modules

Deliver 31-45 GHz HFET Detector Modules #1-14

Deliver 31-45 GHz HFET Detector Modules #15-52

Deliver 31-45 GHz HFET Detector Modules #53-80

67-90 GHz HFET Detector Module

Design 67-90 GHz amplifier

Build 67-90 GHz HFET Detector Modules

Deliver 67-90 GHz HFET Detector Modules #1-14

Deliver 67-90 GHz HFET Detector Modules #15-52

Deliver 67-90 GHz HFET Detector Modules #53-80

2001-07-02

2002-10-01

2003-04-01

2003-11-03

2004-06-01

2005-06-01

2001-1-02

2001-01-02

2001-07-03

2001-11-05

201-01-1

2001-01-01

2001-09-03

2001-09-03

2001-09-03

2001-11-01

2002-03-01

2002-06-07

2001-08-13

2001-08-13

2002-06-10

2002-10-01

2003-03-03

2003-06-06

2001-12-28

2003-03-31

2003-09-29

2004-04-30

2004-11-29

2005-11-29

2007-07-02

2001-07-02

2007-07-02

2001-11-05

20039-6-0.

2001-01-01

2001-09-03

2002-06-07

2002-06-07

2001-11-01

2002-03-01

2002-06-07

2003-0-06

2002-06-07

2003-06-06

2002-10-01

2003-03-03

2003-06-06

2001-01-01

SA 2001-09-03

. :2001-11-0

A 2 02

"i

-II

I

I i

1

-03-01

2002-06-07

-

o 2002-10-01

A 2003-03-03

A 2003-6-06

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

A 2001-11-C

- - -- --

I
i

I

' '

I

i
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2Q3 Q4 Q1 Q2 Q3 Q4 Q1

LO System

LO Reference: Prototype Systems

5

5.1.1

5.1.2

5.1.3

5.1.4

5.1.5

5.1.6

5.1.7

5.1.8

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

5.2.10

5.2.11

5.2.12

5.2.13

5.2.14

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19

Deliver: Bench Prototype

Testing and Design Refinement

Procure/Fab Field Prototypes

Deliver: LO Ref Field Prototypes

Field Prototype testing and Design Refinement

Preproduction Review

Final Documentation and Design Modifications

Release for Manufacture

LO Reference: Production System

Production test and lab equipment

H-maser Frequency Standard (& Rb)

8 GHz PL Oscillator & Distributor

10 GHz PL Oscillator & Distributor

12 GHz PL Oscillator & Distributor

14 GHz PL Oscillator & Distributor

3.2-5.2 GHz Synthesizer

3.2 -5.2 GHz PLO and Fringe Generator

Sampler Clock 4 GHz PL Osc & Distributor

LO Ref Generator

LO Ref Distributor - Control Bldg

Microwave Round-trip Phase Measurement

10-15 GHz Frequency Synthesizer

First LO Fringe Generator

16 GHz PL Oscillator & Distributor

26 GHz PL Oscillator & Distributor

LO Ref Distributor - Antenna

VXCO Clean-up Loop

Power supply module

2001-01-01

2001-01-31

2001-01-31

2001-01-31

2001-08-01

2002-03-01

2002-01-30

2002-07-30

2002-07-31

2002-09-03

2001-06-01

2001-06-01

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2002-09-05

2008-01-01

2002-09-03

2001-01-31

2001-07-31

2002-01-29

2002-03-01

2002-07-30

2002-07-30

2002-09-03

2002-09-03

2008-01-01

2003-09-03

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2004-03-03

2004-03-03

2004-03-03

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

2008-01-01

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

No

Yes
I i

No A 2001-01-31

No

No

No 2002-03-01

No

No 20 2-07-3
No

No 2002-09-03

Yes

Yes

Yes

Yes i

Yes

Yes {

Yes

Yes

Yes

Yes

Yes

Yes _

Yes _

Yes 
_r

Yes _
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Qi Q20Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
5.2.20

5.3.1

5.3.2

5.3.2.1

5.3.2.1.1

5.3.2.1.2

5.3.2.1.3

5.3.2.1.4

5.3.2.1.5

5.3.2.1.6

5.3.2.2

LaiA
5.3.2.3.1

5.3.2.3.2

5.3.2.3.3

5.3.3

5.3.3.1.1

5.3.3.1.2

5.3.3.1.3

5.3.3.1.4

5.3.3.1.5

5.3.3.1.6

5.3.3.2

5.3.3.3

5.3.3.3.1

5.3.3.3.2

5.3.3.3.3

R&&

Bins / Racks (assemble and test)

Millimeter LO Drivers

LO Source Design and System Integration

72-95 GHz Source

72-95 GHz LO Source Procurement & Fabrication

YIG-tuned Oscillator

18.00 - 23.75 GHz 10 db Amplifier

18.00 - 23.75 GHz x2 Multiplier

36.0 - 47.5 GHz 10 db Amplifier

36.0 - 47.5 GHz x2 Multiplier

Mount and Tuning circuitry

72-95 GHz LO Source Assembly & Test

Deliver 72.95 GHz LO Sources

Deliver Modules #1-6

Deliver Modules #7-24

Deliver Modules #25-40

100-120 GHz Source

102-120 GHz LO Source Procurement & Fabrication

YIG-tuned Oscillator

25.00 - 30.00 GHz 10 db Amplifier

15.00 - 30.00 GHz x2 Multiplier

50.0 - 60.0 GHz 10 db Amplifier

50-60 GHz x2 Multiplier

Mount and Tuning circuitry

102-120 GHz LO Source Assembly & Test

Deliver 100-120 GHz LO Sources

Deliver Modules #1-3

Deliver Modules #4-21

Deliver Modules #22-40

87 - 108 GHz Source

2002-09-05

2001-01-0

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2002-03-01

2002-12-31

2003-12-31

2004-12-31

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-01

2001-01-012001-01-01

2002-06-03

2002-12-31

2003-12-31

2004-12-31

2003-0101

2008-01-01

2007-05-31

2006-12-28

2004-12-31

2003-05-31

2003-05-31

2003-05-30

2003-05-30

2003-05-30

2003-05-30

2003-05-30

2004-11-30

2002-12-31

2003-12-31

2004-12-31

2003-125-30

20903-05-30

2003-05-30

2003-05-30

2003-05-30

2003-05-30

2003-05-30

2003-05-30

2004-11-30

2004-12-31

2002-12-31

2003-12-31

2004-12-31

2007-05-31

2004-12-31

i

2002-12-31

j 2003-12-31

2004-12-31

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

2002-12-31ia

II

SA 2003-12-31

Ii

i I

i
i i
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1 I
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2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q Q2 Q3 Q4 QI Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

5.3.4.1

5.3.4.1.1

5.3.4.1.2

5.3.4.1.3

5.3.4.1.4

5.3.4.1.5

5.3.4.1.6

5.3.4.2

5.3.4.3

5.3.4.3.1

5.3.4.3.2

5.3.4.3.3

5.3.4.3.4

5.3.5.1.1

5.3.5.1.2

5.3.5.1.3

5.3.5.1.4

5.3.5.1.5

5.3.5.1.6

5.3.5.2

5.3.5.3.1

5.3.5.3.2

5.3.5.3.3

5.3.5.3.4

5.4.1

87-108 GHz LO Source Procurement & Fabrication

YIG-tuned Oscillator

21.75-27.00 GHz 10 db Amplifier

21.75-27.00 GHz x2 Multiplier

43.5-54.0 GHz 10 db Amplifier

43.5-54.0 GHz x2 Multiplier

Mount and Tuning Circuitry

87-108 GHz LO Source Assembly & Test

Deliver 87-108 GHz LO Sources

Deliver Modules #1-6

Deliver Modules #7-20

Deliver Modules #21-35

Deliver Modules #36-40

65 - 85 GHz Source

65-86 GHz LO Source Procurement & Fabrication

YIG-tuned Oscillator

16.25-21.25 GHz 10 db Amplifier

16.25-21.25 GHz x2 Multiplier

32.5-42.5 GHz 10 db Amplifier

32..5-42.5 GHz x2 Multiplier

Mount and Tuning Circuitry

65-86 GHz LO Source Assembly & Test

Deliver 65-85 GHz LO Sources

Deliver Modules #1-6

Deliver Modules #7-20

Deliver Modules #21-35

Deliver Modules #36-40

Millimeter LO Multiplier Chains

LO Multiplier Chain Design & System Integration

211 - 275 GHz Receiver LO

2003-01-01

2003-01-01

2003-01-01

2003-01-01

2003-01-01

2003-01-01

2003-01-01

2004-06-01

2004-12-31

2004-12-31

2006-01-02

2007-01-01

2007-05-31

2001-01-01

2001-01-01

2003-01-01

2003-01-01

2003-01-01

2003-01-01

2001-01-01

2003-01-01

2004-06-01

2004-12-31

2004-12-31

2006-01-02

2007-01-01

2007-05-31

2001-01-01

2001-01-01

2002-01-01

2005-0530

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2007-05-30

2007-05-31

2004-12-31

2006-01-02

2007-01-01

2007-05-31

2007-05-31

2005-05Q0

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2005-05-30

2007-03-29

2004-12-31

2006-01-02

2007-01-01

2007-05-31

2007-12-28

2007-12-28

191-1U

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

2004-12-31

2006-01-02

A 2007-01-01

2007-05-

iIi

Ii

A 2004-12-31

A 2006-01-02

A 2007-01-01

2007-05-

I

I

I

i



MMA Construction Tasks File: usonly1999ju105.mpp View: Clean Gantt View

All Tasks selected Printed: 2:01 PM 1999-07-05; Page 16 of 27

200
1  

2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q21Q31Q4 Q1 Q21Q31Q4 QI Q2Q31Q4 Q1 IQ21Q31Q4 Q1 Q2 Q3 Q4 Q1
5.4.2.1

5.4.2.1.1

5.4.2.1.2

5.4.2.1.3

5.4.2.2

5.4.2.3

5.4,2.4

5.4.2.41

5.4.2.4.2

5.42.4.3

5.4.3.1.1

5.4.3.1.2

5.4.3.1.3

5.4.3.1.4

5.4.3.2

5.4.3.3

5.4.3.4

5.4.3.4.1

5.43.4.2

5.4.3.4.3

5.4.3.4.4

.4 .4

A.4.4.1

5.4.4.1.1

5.4.4.1.2

5.4.4.1.3

5.4.4.1.4

5.4.4.2

211275 GHz Receiver LO multiplier Parts

X3 Diode for 72-95 GHz Source

Machine Mount

Bias and Control circuits

211-275 GHz Receiver LO Multiplier Assembly & Test

275-370 GHz LO integrate source & multiplier

Deliver 211-275 GHz Rcvr LO Modules

Deliver Modules #1-3

Deliver Modules #4-21

Deliver Modules #22-40

602 - 720 GHz Receiver LO

602-720 GHz Receiver LO multiplier Parts

X2 Diode for 100-120 GHz Source

X3 Diode for 200-240 GHz Input

Machine Mount

Bias and Control circuits

602-720 GHz Receiver LO multiplier Assembly & Test

602-720 GHz LO integrate source & multiplier

Deliver 602-720 GHz Rcvr LO Modules

Deliver Modules #1-6

Deliver Modules #7-18

Deliver Modules #19-34

Deliver Modules #35-40

275 - 370 GHz Receiver LO

275-370 GHz Receiver LO multiplier Parts

X2 Diode for 72-95 GHz Source

X2 Diode for 144-190 GHz Input

Machine Mount

Bias and Control Circuits

275-370 GHz Receiver LO multiplier Assembly & Test

2002-01-01

2002-01-01

2002-03-01

2002-06-03

2002-06-03

2002-09-02

2002-12-31

2002-12-31

2003-12-31

2004-12-31

2002-01-01

2002-01-01

2002-01-01

2002-01-01

2002-04-01

2002-07-01

2002-09-02

2002-11-01

2003-04-01

2003-04-01

2003-12-31

2004-12-31

2005-05-02

2002-04-0:

2002-04-01

2002-04-01

2002-04-01

2002-07-01

2002-10-01

2003-02-03

i

i 1 i

2002-12-31

A 2003-12-31

2002-06-28

2002-09-30

2003-05-30

2004-06-30

2004-12-31

2004-12-31

2002-12-31

2003-12-31

2004-12-31

2003-0-32

2003-05-30

2002-08-30

2002-08-30

2002-11-29

2003-05-30

2004-11-01

2005-02-28

2005-05-02

2003-04-01

2003-12-31

2004-12-31

2005-05-02

2006-01-02

2003-08-29

2002-11-29

2002-11-29

2003-02-28

2003-08-29

2005-03-29

2004-12-31

I
I

i
ir
i
i
i
iII
i

2004-12-31i i05-50

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

Si i
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A 2003-0401
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2001 2002 2003 2004 2005 2006 2007
WBS (f Task Start Finish CostData? Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4QQ2Q3 Q Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
5.4.4.3

5.4.4.4

5.4.4.4.1

5.4.4.4.2

5.4.4.4.3

S.5.

5.4.5.1

5.4.5.1.1

5.4.5.1.2

5.4.5.1.3

5.4.5.2

5.4.5.3

5.4.5.4.1

5.4.5.4.2

5.4.5.4.3

5.46

5.4.6.1

5.4.6.1.1

5.4.6.1.2

5.4.6.1.3

5.4.6.1.4

5.4.6.2

5.4.6.3

5.4.6.4

5.4.6.4.1

5.4.6.4.2

5.4.6.4.3

5.4.7

5.4.7.1

275-370 GHz LO integrate source & multiplier

Deliver 275-370 GHz Rcvr LO Modules

Deliver Modules #1-6

Deliver Modules #7-27

Deliver Modules #28-40

163 - 211 GHz Receiver LO

163-211 GHz Receiver LO multiplier Parts

X2 Diode for 87-108 GHz Source

Machine Mount

Bias and Control Circuits

163-211 GHz Receiver LO multiplier Assembly & Test

163-211 GHz LO integrate source & multiplier

Deliver 163 - 211 G64 Rcvr LO Modules

Deliver Modules #1-6

Deliver Modules #7-24

Deliver Modules #25-40

385 - 500 GHz Receiver LO

385-500 GHz Receiver LO multiplier Parts

X3 Diode for 65-85 GHz Source

X2 Diode for 130-170 GHz Input

Machine Mount

Bias and Control Circuits

385-500 GHz Receiver LO multiplier Assembly & Test

385-500 GHz LO integrate source & multiplier

Deliver 385-500 GHz Rcvr LO Modules

Deliver Modules #1-6

Deliver Modules #7-24

Deliver Modules #25-40

125 - 163 GHz Receiver LO

125-163 GHz Receiver LO multiplier Parts

2003-04-01

2003-09-01

2003-09-01

2004-12-31

2006-01-02

2003-04-01

203-04-01

2003-04-01

2003-07-01

2003-10-01

2004-01-01

2004-03-01

2004-12-1

2004-12-31

2006-01-02

2006-10-02

2003-04-01

2003-04-01

2003-04-01

2003-04-01

2003-07-01

2003-10-01

2004-01-01

2004-03-01

2004-12-31

2004-12-31

2006-01-02

2006-10-02

2003-10-01

2003-10-01

2005-04-28

2006-91-02

2003-09-01

2004-12-31

2006-01-02

2006-10Q-2

200= 1

2003-11-28

2004-02-27

2004-08-31

2006-02-27

2006-05-30

2004-12-31

2006-01-02

2006-10-02

2006-10-02

2004-08-31

2003-11-28

2003-11-28

2004-02-27

2004-08-31

2006-02-27

2006-05-30

2006-10-02

2004-12-31

2006-01-02

2006-10-02

2007-04-02

2005-02-25

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline

A 2Q03-09-01

2004-12-31

A 2006-01-02

I

ti 2-31

A

2006-01-02
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2004-12-31

3 . 2006-01-02

S2006-10-02

12-31
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' ___2001 2002 2003 2004 2005 2006 2007
WBS (f) Task Start Finish CostData? Q4Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
5.4.7.1.1 X2 Diode for 65 - 85 GHz Source 2003-10-01 2004-05-31 No I
5.4.7.1.2 Machine Mount 2004-01-01 2004-08-31 No

5.4.7.1.3 Bias and Control Circuits 2004-04-01 2005-02-25 No

5.4.7.2 125-163 GHz Receiver LO multiplier Assembly & Test 2004-07-01 2006-08-30 Yes i

5.4.7.3 125-163 GHz LO integrate source & multiplier 2004-09-01 2006-11-29 Yes

4.74 Deliver 125-163 GHz Rcvr LO Modules 200Z4-041 2007-04 2

5.4.7.4.1 Deliver Modules #1-6 2005-04-01 2005-04-01 No 2005-0401

5.4.7.4.2 Deliver Modules #7-18 2006-01-02 2006-01-02 No 2006-01-02

5.4.7.4.3 Deliver Modules #19-34 2007-01-01 2007-01-01 No I A 2007-01-01

5.4,7.4.4 Deliver Modules #35-40 200704-02 2007-04-02 No i 2007 04 02

i8 3345 GHz Receiver LO 2001-0113 2002-12- R27 0

5.4.8.1 Design & fab 31-45 GHz receiver LO coupling 2001-01-03 2002-12-31 Yes

5.4.9 LO Multiplier Fabrication Equipment 2001-01-01 2002-03-29 Yes

5.4.10 LO Multiplier Test Equipment 2001-01-01 2002-06-28 Yes j_

Milestones: bold type Task Milestone A Summary
Summary Tasks: underline
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6 IF System 2001-01-31 2008-01-01 No

6.1 IF Field Prototvype for Test Interferometer of 2 antennas. 2001-01-31 2002-09-03 Yes

6.1.1 Deliver (Bench) Prototype IF System 2001-01-31 2001-01-31 No A 2001-01-31

6.1.2 Testing and Design Refinement 2001-01-31 2001-07-31 No

6.1.3 Procure/Fab Field Prototypes 2001-08-01 2002-01-29 No

6.1.4 Deliver IF Field Prototypes to Test Interfeometer 2002-03-01 2002-03-01 No ? 2002-03-01

6.1.5 Field Prototype testing and Design Refinement 2002-01-30 2002-07-30 No

6.1.6 Preproduction Review 2002-07-30 2002-0730 N7-30

6.1.7 Final Documentation and Design Modifications 2002-07-31 2002-09-03 No

6.1.8 Release for Manufacture 2002-09-03 2002-09-03 No 2002-09-03

6.2 IF Construction test & lab equipment 2001-05-31 2008-01-01 Yes

6.3 IF Multiplexer (2/antenna) 2002-09-05 2008-01-01 Yes

6.4 IF Demultiplexer (2/antenna) 2002-09-05 2008-01-01 Yes

6.5 IF Matrix Switch (2/antenna) 2002-09-05 2008-01-01 Yes

6.6 IF Baseband Converter (8/antenna) 2002-09-05 2008-01-01 Yes

6.7 IF Power Supply module 2002-09-05 2008-01-01 Yes

6.8 Bins / Racks (assemble and test) 2002-09-05 2008-01-01 Yes
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7 Optical Fiber System 2001-01-01 2007-12-31 No

7.1 Prototvoe Optical Fiber Systems 2001-01-31 2002-09-03 Yes

7.1.1 Deliver (Bench) Prototype FO System 2001-01-31 2001-01-31 No 2001-01-31

7.1.2 Testing and Design Refinement 2001-01-31 2001-07-31 No

7.1.3 Procure/Fab Field Prototypes 2001-08-01 2002-01-29 No

7.1.4 Deliver FO Field Prototypes to Test nterveometer 2002-03-01 2002-03-01 No 2002-03- 1
7.1.5 Field Prototype testing and Design Refinement 2002-01-30 2002-07-30 No

7.1.6 Preproduction Review 2002-07-30 2002-07-30 No 2 -07-30

7.1.7 Final Documentation and Design Modifications 2002-07-31 2002-09-03 No

7.1.8 Release for Manufacture 2002-09-03 2002-09-03 No 2 02-09-03

7.2 Digital IF Transmitters and Receivers 2001-06-01 2007-12-31 Yes

La 16 GHz FO LO Reference Distribution 2001.01-01 2007-12-31 th

7.3.1 16 GHZ FO LO Ref Dist Prototype 2001-01-01 2001-12-31 Yes

7.3.2 16 GHz FO LO Ref Dist with Integrated R/T Phase Meas. 2001-01-01 2007-12-31 Yes

7.4 Production Test Equipment 2001-01-01 2007-12-31 Yes

7.5 Monitor and Control Transmitters and Receivers 2002-06-03 2007-12-31 Yes

7.6 Fiber Optics Power Supply Modules 2002-01-01 2007-12-31 Yes

7.7 Bins I Racks (assemble and test) 2002-04-01 2007-12-31 Yes
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8

8.1

8.1.1

8.1.2

8.1.3

8.1.4

8.1.5

8.1

8.2.1

8.2.2

8.2.3

8.2.4

8.2.5

8.2.6

8.3.1.1

8.3.1.2

8.3.1.3

8.3.1.4

8.4

8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

8.5

8.5.1

8.5.2

8.5.3

Correlator

Digital Sampler. 4 GHz

Refine digitizer design

Release Digital Sampler for Manufacture

Digitizer contract materials

Assembly of digitizers

Digitizer validation and delivery

Diaital FIR Filter

Prototype FIR filter testing on interferometer

Design & test FIR filter refinement

Release FIR Filter for manufacture

FIR filter chip & board fabrication

FIR filter board assembly

FIR filter board validation and delivery

Custom Boards

Correlator boards

Prototype assembly

Prototype test

Design modifications

Fab, assemble and test with design mods

Correlator Chip

Prototype chip fabrication

Prototype chip test

Design modifications

Fabricate and test design mods

Fabricate production run

Correlator Racks

Design control wiring

Design signal wiring

Order parts

2001-01-01

2001-01-01

2001-01-01

2002-01-02

2002-01-03

2002-07-01

2002-11-01

2001-03-01

2001-03-01

2001-08-30

2001-10-24

2001-10-25

2002-07-25

2003-03-31

2001-07-02

2001-07-02

2001-07-02

2001-07-30

2001-09-24

2001-10-22

2001-01-08

2001-01-08

2001-07-02

2001-09-24

2002-01-14

2002-04-15

2001-01-01

2001-01-01

2001-01-29

2001-02-26

II

i I z

2002-01-02

- j

2008-01-01

2003-06-30

2002-01-02

2002-01-02

2002-04-02

2003-01-31

2003-06-30

2003-12-26

2001-08-29

2001-10-24

2001-18-24

2002-07-24

2003-07-23

2003-12-26

2002-01-11

2002-01-11

2001-07-27

2001-09-21

2001-10-19

2002-01-11

2002-07-05

2001-07-01

2001-08-24

2002-01-11

2002-04-12

2002-07-05

2001-07-13

2001-01-26

2001-02-23

2001-04-20
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8.5.4

8.6

8.7

8.7.1

8.7.2

8.7.3

8.7.4

8.8

8.8.1

8.8.1.1

8.8.1.2

8.8.1.3

8.8.1.4

8.8 1.5

8.8.2.1

8.8.2.2

8.8.2.3

8.8.2.4

8.8.3.1

8.8.3.2

8.8.3.3

8.8.3.4

8.8.4

8.8.4.1

8.8.4.2

8.8.4.3

8.8.4.4

Assemble prototypes

Correlator software

Prototype Correlator Production

Order parts

Assemble

Test

Deliver Prototype Correlator to VIA site

Site Correlator Production

First 1/4 correlator

Determine configuration

Order parts

Assemble

Test

Deliver 1f4 Correlator to MMA site

Second 1/4 correlator

Order parts

Assemble

Test

Deliver 114 Correlator to MMA site

Third 114 correlator

Order parts

Assemble

Test

Deliver 114 Correlator to MMA site

Fourth 114 correlator

Order parts

Assemble

Test

Deliver 114 Correator to MMA site

Correlator Test Equipment

2001-04-23

2001-01-01

2002-03-07

2002-03-07

2002-07-08

2002-11-11

2003-05-30

2002-11-11

2002-11-11

2002-11-11

2002-12-09

2003-03-03

2003-09-15

2004-06-18

20 03.-99-15

2003-09-15

2003-12-08

2004-06-21

2005-03-24

2004-06-21

2004-06-21

2004-09-13

2005-03-25

2005-12-29

2005-03-25

2005-03-25

2005-06-17

2005-12-30

2006-10-05

2003-06-03

I A

I*

2003-05-30

2001-07-13

2003-05-30

2003-05-30

2002-05-01

2002-11-08

2003-03-28

2003-05-30

2006-10-05

2004-06-18

2002-12-06

2003-02-28

2003-09-12

2004-06-18

2004-06-18

200503-24

2003-12-05

2004-06-18

2005-03-24

2005-03-24

2005-12-29

2004-09-10

2005-03-24

2005-12-29

2005-12-29

2006-10-05

2005-06-16

2005-12-29

2006-10-05

2006-10-05

2008-01-01

2 03-05-30

2004

2004

I q p

No

No A 2006-10-05

Yes

I "

06-18

2005-0324

200 5-03J 24

2005-12-29

2005-12-29

2006-10-05

8.9
I, - I___ ____ __
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9

L1

9.1.1

9.1.2

9.1.3

9.1 4

9.1.5

9.1.6

9.2.1

9.2.2

9.2.3

9.2.4

9.2.5

9.3.1

9.3.2

9.3.3

9.3.4

9.4

9.4.1

9.4.2

9.4.3

9.4.4

9.4.5

9.5.1

9.5.2

9.5.3

9.5.4
9.5.4

Computing

Control Software

Test Interferometer Control and Analysis

MMA correlator software

Multi-antenna & sub-array control

Operators and Observers Interfaces

Deliver Control Software

Maintenance

Scheduling

Static scheduling system

Dynamic scheduling simulations

Dynamic scheduling prototype

Dynamic scheduling implementation

Initial Operations with Dynamic Scheduling

Proposal Preparation Software

Proposal assistance prototype

Proposal assistance implementation

Observe program prototype

Observe program

Image Pipeline

Automated calibration & imaging heuristics

Prototype image pipeline

Parallelization studies and implementation

Initial Image Pipeline Operations

Production image pipeline

Archiving

Prototype distributed archive

Evaluate storage hardware

Production archive

Data Archive operational

2001-01-01

2001-01-01

2001-01-01

2003-01-01

2001-01-01

2004-09-01

2003-09-02

2001--011

2001-01-01

2001-01-01

2003-01-01

2004-12-30

2006-01-02

2001-01-01

2001-01-01

2003-09-02

2003-07-01

2005-01-03

2001-01-01

2001-01-01

2003-01-01

2004-01-01

2006-06-01

2004-12-30

2001-01-01

2001-01-01

2007-01-01

2002-12-31

2005-01-01

2008-01-01

200801:01

2002-01-01

2003-01-01

2004-09-01

2004-09-01

2004-09-01

2008-01-01

2008-0-01

2004-09-01

2003-01-01

2004-12-31

2008-01-01

2006-01-02

208-01-01

2004-08-31

2008-01-01

2005-01-01

2008-01-01

2008-01-01

2003-01-01

2004-01-01

2006-01-01

2006-06-01

2008-01-01

200&-01-01

2004-01-01

2007-06-01

2008-01-01

2005-01-01

YRS

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No 2005-01-01
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Post Drocessing

Define data formats

Filler and format conversions

ALMA specific calibrations

MMA Post-processing begins

Maintenance

Software suoDort

Tool support

Quality assurance

Chile system administration

2001-01-01 2008-01-01

2002-01-03 2003-01-01

2003-01-01 2004-09-01

2001-01-01 2004-09-01

2004-09-01 2004-09-01

2003-09-01 2008-01-01

2001-1-0 2008-01-01

2001-01-01 2008-01-01

2001-01-01 2008-01-01

2004-06-01 2008-01-01
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9.6.1

9.6.2

9.6.3
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9.7
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10

10.4

10.5

10.10

10.10.4

10.10.5

10.10.7

10.10.8

10.10.10

10.11

10.11.1

10.11.2

10.11.6

10.11.7

10.11.10

1012

10.12.1

10.12.2

10.12.3

10.12.4

10.13

10.14

10.14.1

10.14.2.1

10.14.2.2

10.14.2.3

10.14.2.4

1014.3

10.14.3.1

System Integration

Test Interferometer Site Preparation

Test interferometer Site Complete

Oufitting at U.S. test site

Antenna #1 Outfitting

Antenna #1 Outfitting Complete

Antenna #2 Outfitting

Antenna #2 Outfitting Complete

General Outfitting

Sinle Dish Tests

Ant #1 holography and surface readjustment

Ant #1 Antenna Evaluation

Ant #2 holography and surface readjustment

Ant #2 Antenna Evaluation

Engineering Recommendations re Prod. Ant.

Interferometric Tests

Phase/gain stability tests

Sensitivity verification

Holography with astronomical sources

Modifications and Retrofits

Dissassemble test system and ship to array site

On-site System Integration

Set up assembly and test facilities at OSF

Outfit antennas 3 through 36

Wiring and plumbing

Install electronics in receiver cabin

Check out completed antenna at OSF

Install antenna at array site.

Refurbish antennas i and 2

Re-install electronics and upgrade as needed

2001-0101

2001-01-01

2001-04-30

2001-04-02

2001-06-01

2001-09-03

2002-01-01

2002-04-01

2001-04-02

2001-09-03

2001-09-03

2001-12-04

2002-04-02

2002-06-03

2002-10-02

2002-10-03

2002-10-03

2003-01-31

2003-05-02

2003-10-03

2005-01-01

2I3-7-01Q

2004-01-01

20"04-4-05

2004-04-05

2004-04-26

2004-05-10

2004-06-07

2005-1-03

2005-01-03

2007-12-31

2001-04-30

2001-04-30

2002-04-03

2001-08-31

2001-09-03

2002-04-01

2002-04-01

2002-04-03

2002-10-02

2001-12-31

2002-04-02

2002-06-28

2002-10-02

2002-10-02

2004-06-03

2003-01-30

2003-05-01

2003-10-02

2004-06-03

2005-07-01

2007-12-31

2004-03-03

2997-12-28

2007-11-16

2007-11-30

2007-12-14

2007-12-28

2005-0s-26

2005-03-04

Yes

Yes

No

Yes

Yes

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

-03

T

A 2001-04-30

ail S2001-09

i

i I

I

i'
i

i

iI
i

I

I ,V

II

i . I
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10.14.3.2 Check out at OSF 2005-05-30 2005-07-29 Yes

10.14.3.3 Install antenna at array site 2005-08-01 2005-08-26 Yes

10.14.4 Install central building electronics 2004-09-01 2005-02-28 Yes

10.14.5 Support debugging and repair 2003-07-01 2007-12-31 Yes

10.20 Prototype Testing Support 2002-01-01 2004-12-31 Yes

1015 Operations Personnel Training 2002-09-02 2005-040 Noh

10.25.1 Recruit Initial Chile Ops Staff 2002-09-02 2003-03-28 No

10.25.2 Array Operations 2003-01-01 2004-12-28 No

10.25.3 Engineering Maintenance 2003-01-01 2004-12-28 No

10.25.4 Scientific Support & Analysis 2003-01-01 2004-12-28 No

10.25.5 Relocate Ops Staff to Chile 2005-01-01 2005-04-01 No 04'01

10.25.6 Start On-site Operations 2005-04-01 2005-04-01 No I 2005
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11

11.1

11.1.1

11.1.2

11.1.3

11.1.4

11.2

112.1

11.2.1.1

11.2.1.2

11.2.1.3

11.2.1.4

11.2.2

11.2.3

11.2.4

11.2.5

11.3

11.3.1

11.3.2

11.3.3.

11.3.3.1

11.3.3.2

11.3.3.3

11.3.3.4

11.3.4

11.3.5

11.4

11.5

Calibration and Imaging

Radiometric Phase Design & Prototype

Completion of 183 GHz Water Vapor Radiometer

Demonstrate 183 GHz Water Vapor Radiometer

Refinement of 183 GHz Water Vapor Radiometer

Release WVR for manufacture

Production Fab of Phase Monitor Radiometer

Contract Subassembly Fabrication

Contract Phase Monitor Radiometer Subassembly

WVR Spectrometer

WVR Feed, Window, Lens, Instrumentation

Monitor and Control WVR Interface

Assembly & Test

Deliver Production Radiometers

Integration of WVR into Receiver Package

Verification on Site of WVR

Production Fabrication of Dual-load Amp Cal Svs

Dual-Load Amp. Calibration Device Design Refinement

Release Dual-Load Amp Cal for Mftr

Contract Subassembly Dual-Load Amp Cal

Dual-Load AmpCal Subassy Machining

Load Fabrication for Dual Load Amp Cal

Dual Load Amplitude Calibration Device Motors, Servo

M/C Interface for Dual Load Amp Cal Device

Assembly and Test of Dual Load Amplitude Calibration

Integration of AmpCal on Production Antennas

Imaging Studies and Project Support

Imaging Algorithm Development

2001.01-01

2001-01-01

2001-01-01

2001-02-05

2002-02-07

2002-08-07

2002-08-08

2002-08-08

2002-08-08

2002-08-08

2002-08-08

2002-08-08

2003-04-01

2003-06-30

2003-07-01

2004-07-01

2001-06-01

2001-06-01

2002-02-28

2002-06-03

2002-06-03

2002-06-03

2002-06-03

2002-06-03

2003-03-03

2004-04-02

2001-01-01

2001-01-01

. 202-08-07

2008-1-01

2012-08-07

2001-02-02

2002-02-06

2002-08-07

2002-08-07

2008-01-01

2004-08-04

2004-08-04

2004-08-04

2004-08-04

2003-07-31

2004-12-31

2005-06-29

2007-06-22

2008-01-01

2008-01-01

2002-02-28

2002-02-28

2003-06-30

2003-03-31

2003-06-30

2003-06-30

2003-03-31

2003-08-29

2008-01-01

2008-01-01

2008-01-01

S2002-02- 8

" I -
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U.S. Cost Estimate Sheets



Millimeter Array Construction: Project Totals
US Reference Project

Materials & Total Infl

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K

1.1 Project Management 432 0 0 168 3,744 0 15% 4,306 4
1.1.1 Management, Planning, and Oversight 0 0 0 0 0 4,533 15% 5,213 5
1.1.2 Business Operations 0 0 0 0 0 580 15% 667
1.1.3 Chilean Operations 0 0 0 0 0 145 15% 167
1.1.4 Safety and Health 0 0 0 0 0 0 15% 0
1.1.5 Personnel 0 0 0 0 0 0 0 0 15% 0
1.1.6 Project Science Office : 0 0 0 0 0 0 15% 0
1.1.7 AUI Management 0 0 0 0 0 2,450 15%
1.2 Engineering . 0 0 168 84 1,547 140 15% 1,940 2

1.2.1 System Engineering-Phase II 0 0 0 0 0 0 15% 0

1.2.2 Documentation System 0 0 0 0 0 0 15% 0
1.2.3 Production Engineering 0 0 0 0 0 0 15% 0

1.3 US Facilities 0 0 0 0 0 0 15% 0
1.3.1 CDL Permanent Facilities 0 0 0 0 0 3,000 0% 3 _000 3

1.3.2 Manufacturing Facilities 0 0 0 0 0 805 10% 886 1
1.3.3 Common Infrastructure 0 0 0 0 0 1,400 15% 11610 1

2 Site Development 0 0 84 0 610 350 5% 1,008 1

2.2 Maintain Mining claims 0 0 0 0 0 150 5% 158

2.3 Contract A&E Studies 0 0 0 0 0 938 20% 1,126 1

2.5.3 Contract Array Site Civil Works 0 0 0 0 0 21,631 20% 25,957 28

2.6.3 Contract OSFCivil Works 0 0. 0 0 0 14,142 20% 16,970 18

2.7.3 Contract Civil Works 0 0 0 00 3,830 20% 4596 4

2.8.1 Equip Array Site 0 0 0 05,830 20% 6,996 7

2.8.2 Equip Operations Support Facility 0 0 0 0 0 2,200 20% 2,640 2

3.1 Antenna Engineering Support 0 0 96 0 697 0 14% 794

3.8.10 Sign Transporter Contract 0 0 0 0 0 790 20% 948

3.8.30 Accept Transporter #2 at OSF 0 0 0 0 0 740 20% 888 1

3.8.35 Contract for Transporter #1 Move to site 0 0 0 0 0 20 12% 22
3.15 Procurement of Antenna 2 0 0 0 0 0 3,002 27% 3,813 4
3.20 Sign Contract for Production Antennas 0 0 0 0 0 1,615 20% 1,938 2

3.21 Antenna Contract Supervision 0 0 102 0 740 0 12% 829

3.23 Accept Antenna #3 at OSF 0 0 2 0 11 2,754 27% 3,511 3
3.25, 3.27, 3.; Accept Antennas #4 through #36 0 0 50 0 359 90,882 27% 115,876 137

4.1.1.2 Fabricate PPRC .... 0 0 3 8 53 69 28% 156

4.1.1.3 Test PPRC 0 3 3 3 51 10 5% 64

4.1.2.1 PPR Dewar Design 0 0 4 4 45 0 17% 52

4.1.2.2 PPR Dewar Fabrication and Vacuum Testing 0 0 1 6 31 8 40% 54

4.1.2.3 PPR Vacuum Windows and IR Filters 0 0 2 2 22 12 20% 41

4.1.2.4 PPR Cryogenics/Dewar Assembly and Testing 0 2 2 3 38 18 13% 63

4.1.3.1 PPR Control-Monitoring and Bias Electronics Design 0 0 6 6 67 0 21% 81

4.1.3.2 PPR Control-Monitor and Bias Electronics Construction 0 . 0 2 5 34 22 44% 81

4.1.4.1 Insert Mechanical-Thermal Design, Bands <275 GHz (Waveguid 0 0 6 0 44 0 48% 64
4.1.4.2 Insert Component Fabrication for Bands <275 GHz 0 0 1 8 38 37 56% 118

4.1.4.3 Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi o 0 0 6 0 44 0 48% 64
4.1.4.4 Insert Component Fabrication for Bands >275 Ghz 0 0 1 6 31 13 56% 67
4.1.4.8 PPR Insert Assembly (3 Bands) 0 0 0 3 12 5 44% 24
4.1.4.9 PPR Insert Testing (3 Bands) 0 0 2 2 22 0 16% 26

4.1.5.1 PPR Vacuum System Assembly 0 0 1 1 11 26 8% 40
4.1.7.1 PPR Post IF System Design 0 0 1 1 11 0 22% 14

ated

.ost
$K

,869.
935
765
185

0
0
0

192
198

0
0
0
0

000
003

,824

141
176
183
128

,389
949

,560
,987

845996
030
26

,006
139
956

,876
160

164
68
55
57
43

67
85
85

68
124
68
71
25
27
42
14
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Millimeter Array Construction: Project Totals
US Reference Project

Materials & Total Infl

4.1.7.2 PPR Post IF System C
4.1.8.1 PPR Frame Design
4.1.8.2 PPR Frame Fabricati
4.1.9.1 Prototype Producti
4.1.9.2 PPR Testing and E

4.1.10.1 Design ar
4.1.10.2 Design a
4.1.10.3 General"

Scientists Programmers Engineers Technicians Personnel Supplies Contingencyl Cost
Work-months Work-months Work-months Work-months

instruction and Testing 0 0 2 2
0 0 3 2

1 Receiver Inteoration

I build Prototype an

Cost
1999 $K 1999 $K 1999 $K $K

32 24% 67 71
0 16% 34 36

93 18
lvll v V Iv UA1 /O 517 %4I

13 A 11-7 A- Ai I ~ -

0 3 6 8 93 75 36% .228 242
d Production Receiver Test Set 0 3 6 12 108 444 36% : 751 789

i. .... T, .-_ _ . -n AA 0,1A^A^.........
I Fabricate Receiver Insen i est bet

st Eguiprr
4.2.1 MMA Receiver (MMA

SReceiver (MMA Rx) Docume
% Rx Dewar Fabrication.
N Rx Cryogenics Fabrication

4.2.4.3 Vacuum Windows and IR Filters FE
4.2.4.4 Receiver Insert Fat
4.2.4.5 MMA Receiver Frai
4.2.4.6 Vacuum System F
4.2.4.7 Bias and Control-M
4.2.4.9 Assemble Receivei

- v iv 1 1 /t/
r\ ~~~ 3O/ , r.

11
ient I0/0__ I1lent 0 0 6 2 51 0 28% 66 71

0 0 4 8 60 10 18% 83 88A "r7 --- 0
188

0 0 12 117 543 2,508 20% 3,662 4,230
brication 0 0 12 66 345 346 16% 801 910

me Fabrication and assemb
abrication and testing.
lonitoring Electronics Constr
r In.serts nd Test

4.2.4.10 Assemble MMA Rx IF System

4.3.1.1 Design, Fab, and 1

1.4tY
I 0 0 6 78 348 570 16% 1,065 1,230

0 0 0 21 82 760 16% 977 1,119
uction 0 0 5 18 106 912 16% 1,181 1,353

u- 4f-., -fn... .. . ,
2.695

0 0 5 21 118 551 14% 763 881
1MA Receivers 0 0 58 117 877 114 16% 1,150 1,330
n for 2nd Evaluation Receiver 11 94

uation Receiver. 0 3 6 50 256 292 16% 636 668
Receiver 0 0 3 3 33 0 5% 35 37
..:-- 0--onI._____________

211-275 GHZ Mixer uesian
10

3. 7
-t.J. i J r nU|| .,l . L , I-4 ' -- IL -- ....... .O

4.3.1.4 Fabricate & test 211-275 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 52% 1,308 1,3
4.3.2.1 Design, Fab, and Test 602-720 GHz Mixer Design 0 0 24 38 322 632 52% 1,451 1,5
4.3.2.3 Fabricate 602-720 GHz mixer blocks 0 0 0 14 55 14 16% 80
4.3.2.4 Fabricate & test 602-720 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 78% 1,532 1,6
4.3.3.1 Design, Fab, and Test 275-370 GHz Mixer Design 0 0 48 58 575 444 52% 1,549 1,6
4.3.3.3 Fabricate 275-370 GHz mixer blocks 0 0 0 10 39 7 16% 53

4.3.3.4 Fabricate & test 275-370 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 52% i,308 1,4
4.3.4.1 Design, Fab, and Test 89-116 GHz Mixer Design 0 0 48 58 575 694 52% 1,929 2,0
4.3.4.3 Fabricate 89-116 GHz mixer blocks 0 0 0 10 39 7 16% 53
4.3.4.4 Fabricate 89-116 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 52% 1,308 1,4
4.3.5.1 Design, Fab, and Test 163-211 GHz Mixer Design 0 0 48 58 575 444 52% 1,549 1,7
4.3.5.3 Fabricate 163-211 GHz Mixer Blocks 0 0 0 10 39 7 16% 53
4.3.5.4 Fabricate & test 163-211 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 52% 1,308 1,4
4.3.6.1 Design, Fab, and Test 385-500 GHz Mixer Design 0 0 48 58 575 434 52% 1,533 1,7
4.3.6.3 Fabricate 385-500 GHz mixer blocks 0 0 0 10 39 14 16% 62
4.3.6.4 Fabricate & Test 385-500 GHz SIS Mixer Detector Modules 0 0 18 44 302 558 52% 1,308 1,5
4.3.7.1 Design, Fab, and Test 125-163 GHz Mixer Design 0 0 48 58 575 444 52% 1,549 1,7
4.3.7.3 Fabricate 125-13 JGH -z r
4.3.7.4 Fabricate & T
4.3.8.1 Build SIS Fabrication E
4.38.2 Build SIS Test Dewar 8
4.3.8.3 Build SIS 1
4.3.8.4 Build SIS 1
4.3.8.5 Build SIS 1
4.3.8.5 Build SIS 1T

4.3.8.6 Build Wafer Evaluatio
4.3.8.7.1 General SIS Test Equ
4.3.8.7.2 Equip Network Analy
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Millimeter Array Construction: Project Totals
US Reference Project

Materials & Total Infl

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 15 12 156 89 15% 281

4.3.8.8 Build 211-275 GHz Test Plates 0 0 6 6 67 240 14% 350

4.3.8.9 Build 602-720 GHz Test Plates 0 0 6 6 67 260 14% 373
4.3.8.10 Build 275-370 GHz Test Plates 0 0 6 6 67 240 14% 350

4.3.8.11 Build 89-116 GHz Test Plates 0 0 6 6 67 220 14% 327

4.3.8.12 Build 163-211 GHz Test Plates 0 0 6 6 67 240 14% 350

4.3.8.13 Build 385-500 GHz Test Plates 0 0 6 6 67 260 14% 373

4.3.8.14 Build 125-163 GHz Test Plates 0 0 6 6 67 240 14% 350

4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 6 12 90 200 10% 319
4.3.9.2 Build IF amplifiers 0 0 42 196 1,069 608 10% 1,845 2

4.4.1 Contract for HFET wafer 0 0 2 0 15 100 24% 142

4.4.2 Receive and evaluate lnP LNA wafer 0 0 3 6 45 12 16% 66
4.4.3.1 Build 31-45 GHz HFET Detector Modules 0 0 12 31 208 99 10% 337

4.4.4.1. Design 67-90 GHz amplifier 0 0 6 6 67 9 26% 96

4.4.4.2 Build 67-90 GHz HFET Detector Modules 0 0 12 36 228 99 14% 372

5.1 LO Reference: Prototype Systems 0 6 24 49 401 302 20% 844

5.2.1 Production test and lab equipment 0 0 0 0 0 282 10% 310

5.2.2 H-maser Frequency Standard (& Rb) 0 0 2 2 22 300 8% 348

5.2.3 8 GHz PL Oscillator & Distributor 0 0 9 14 120 194 12% 351

5.2.4 10 GHz PL Oscillator & Distributor 0 0 9 14 120 194 12% 351

5.2.5 12 GHz PL Oscillator & Distributor 0 0 9 14 120 194 12% 351

5.2.6 14 GHz PL Oscillator & Distributor 0 0 8 13 . .. 109 194 12% 339

5.2.7 3.2-5.2 GHz Synthesizer 0 0 12 65 341 1,824 16% 2,511 2

5.2.8 3.2-5.2 GHz PLO and Fringe Generator 0 0 10 33 201 638 14% 957 1

5.2.9 Sampler Clock 4GHz PL Osc & Distributor 0 0 9 18 136 194 12% 369

5.2.10 LO Ref Generator 0 0 2 2 22 30 12% 59

5.2.11 LO Ref Distributor- Control Bldg 0 0 2 2 22 43 14% 74

5.2.12 Microwave Round-trip Phase Measurement 0 0 16 23 206 547 49% 1,122 1

5.2.13 10-15 GHz Frequency Synthesizer 0 0 9 34 198 384 49% 867

5.2.14 First LO Fringe Generator 0 0 7 33 180 638 16% 949 1

5.2.15 16 GHz PL Oscillator &' Distributor 0 0 5 13 87 194 12% 314

5.2.16 26 GHz PL Oscillator & Distributor 0 0 5 13 87 194 12% 314

5.2.17 LO Ref Distributor - Antenna 0 0 4 13 80 258 18% 399

5.2.18 VXCO Clean-up Loop 0 0 5 13 87 578 100% 1,329 1

5.2.19 Power supply module 0 0 7 10 90 103 5% 202

5.2.20 Bins I Racks (assemble and test) 0 0 0 1 4 62 14% 75

5.3.1 LO Source Design and System Integration 0 0 66 99 865 100 36% 1,313 1

5.3.2.1 72-95 GHz LO Source Procurement & Fabrication 0 0 5 34 169 544 24% 884

5.3.2.2 72-95 GHz LO Source Assembly & Test 0 0 6 7 71 12 24% 102

5.3.3.1 102-120 GHz LO Source Procurement & Fabrication 0 0 5 34 169 573 24% 920

5.3.3.2 102-120 GHz LO Source Assembly & Test 0 0 6 7 71 12 24% 103

5.3.4.1 87-108 GHz LO Source Procurement & Fabrication 0 0 5 34 169 544 24% 884

5.3.4.2 87-108 GHz LO Source Assembly & Test 0 0 6 7 71 12 24% 102

5.3.5.1 65-86 GHz LO Source Procurement & Fabrication 0 0 5 34 169 544 24% 884

5.3.5.2 65-86 GHz LO Source Assembly & Test 0 0 6 7 71 12 24% 102

5.4.1 LO Multiplier Chain Design & System Integration 0 0 99 99 1,105 1,725 36% 3,848 4
5.4.2.1 211-275 GHz Receiver LO multiplier Parts 0 0 1 5 27 30 34% 77

5.4.2.2 211-275 GHz Receiver LO Multiplier Assembly & Test 0 0 2 11 57 0 34% 77

5.4.2.3 275-370 GHz LO integrate source & multiplier 0 0 6 16 106 19 34% 167
5.4.3.1 602-720 GHz Receiver LO multiplier Parts 0 0 2 8 46 61 34% 143
5.4.3.2 602-720 GHz Receiver LO multiplier Assembly & Test 0 0 4 22 115 0 34% 154

ated
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368
392
377
361
386
422

406
336
,092
149
70
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102
403

893
334
375
400
400
400
386
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,087
419
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,267
985

,077
358
358
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511
229

85
459
947
110
987
111
995
115
995
115

,269
82
85

187
154
171
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Millimeter Array Construction: Project Totals
US Reference Project

WBS Task Name

5.4.3.3 602-720 GHz LO integnr
5.4.4.1 275-370 GHz Receiver
5.4.4.2 275-370 GHz Receiver
5.4.43 275-370 GHz LO intean
5.4.5.1 163-211 GHz Receiver
5.4.5.2 163-211 GHz Receiver

5.4.5.3 163-211 GHz LO integ
5.4.6.1 385-500 GHz Receiver
5.4.6.2 385-500 GHz Receiver
5.4.6.3 385-500 GH;
5.4.7.1 125-163 GH

ource

Scientists Programmers Engineers Technicians PE
Work-months Work-months Work-months Work-months

Materials &
ersonnel Supplies Contingency
1999 $K 1999 $K

multiplier 0 0 8 24 152 31
r Parts

r LO multiplier Parts
r LO multiplier Assenr
rate source & multipi
r LO multiplier Parts

tegrate source & multipi
ver LO multiplier Parts

5.4.7.2 125-163 GHz Receiver LO mt
5.4.7.3 125-163 GHz LO integrate soL
5.4.8.1 Design & fab 31-45 GHz recei
5.4.9 LO Multiplier Fabrication Equil
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LO couilinc
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Millimeter Array Construction: Project Totals
US Reference Project

WBS Task Name

8.8.4 F
8.9 C

9 C
9.1 C
9.1.1 1

9.1.2 M
9.1.3 N
9.1.4 C
9.1.5 C
9.1.6 N

Scientists Programmers Engineers Technicians PE
Work-months Work-months Work-months Work-months

4 x17 iJ .
. 34 270 63 3

is 24 0 0 0 172 0 34% 230 263
3 6 0 0 57 0 30% 74 86

tation 18 36 0 0 343 0 39% 477 572

,_-__ _ _v__ _ Uo U U
3 6 0 0 57 0 30% 74 84
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I I UI 122 16 u/o 122

0 0 0 
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IL 114 1AQ 17n

Materials &
ersonnel Supplies Contingency
1999 $K 1999 $K
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9.2 Scheduling
9.2.1 Static Scheduling System
9.2.2 Dynamic scheduling simulatior
9.2.3 Dynamic scheduling prototype
9.2.4 Dynamic scheduling implemer
9.3 Proposal Dreparation software
9.3.1 Proposal assistance

9.3.2 Proposal assistance
9.3.3 Observe program passistance
9.3.4 Observe program
9.4 Image pipeline
9.4.1 Automated calibratic
9.4.2 Prototype image pip
9.4.3 Paralielization studio
9.4.4 Initial image pipelinE
9.4.5
9.5
9.5.1
9.5.2

Prototype distribut,
Evaluate storaae t

1 archive9.5.3 Produ
9.6 Postt
9.6.1 DefinE
9.6.2 Filler
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9.7 Software support 0 0 0 0 0 0% 0
9.7.1 Tool support 0 36 0 0 215 0 34% 287 3
9.7.2 Quality assurance 0 84 0 534% 67101
9.7.3 Chile system administration 0 0 0 0 0 0 22% 0

10 System Integration .0 0 0 0 0 125 10% 138 1

10.4 Test Interferometer Site Preparation 0 0 0 3 12 48 25% 75
10.10 Oufitting at U.S. test site 0 0 0 0 00 12% 0
10.10.4 Antenna #1 Outfittin 0 0 6 6 67 25 25% 115 1
10.10.7 Antenna #2 Outfitting 0 0 6 6 67 25 25% 115 1

."L
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Millimeter Array Construction: Project Totals

US Reference Project

WBS Task Name

10.11.7 Ar
10.12 In
10.12.1 PI
10.12.2 Si
10.12.3 H
10.12.4 M
10.13 Di
10.14 O
10.14.1 Si
10.14.2 O

n stability te

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

tion 6 2 4 4_4 99 0
0 0 0 0 0 0

Sts

verification
y with astronomic
ins and Retrofits
ible test system a
stem Intearation

10.14.2.1 Wiring and plumoir
10.14.2.2 Install electronics ii
10.14.2.3 Check out complet
10.14.2.4 Install antenna at a
10.14.3 Refurbish antenna;
10.14.3.1 Re-install electronic
10.14.3.2 Check out at OSF
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11.1.1 (
11.1.2 I
11.1.3 I

46
;QwI I v ZJ /OAInw__

5~/
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Total Inflated
Cost Cost

1999 $K $K
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S7 Ra
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S^ /% .

0 50%I/ 0 0

:ilities at OSF 0 0 1- 2. 15 0 25% 19 21
0 0 0 0 0 50 25% 63 73

Sn n 'I fl 477..... .....

receivercabin 00 0 32 123 374 25% 622 720

J antenna at OSF 1 9 0 32 32 414 0 25% 518 600
ay site. j 0 0 0 36 138 0 25% 173 201

V ._/ / U 0 . ..
1 and Z

:s and upgrade as

iic

25%I

0 0 0 1 4 0 25% 5 6
1 0 2 2 26 0 25% 32 38
0 0 0 280a

25% 10 U 11

0 0_ 3 1 24 0 25% 30 34

0 0 12 24 181 0 25% '226 252

u__ _ __ly _uV_ - , ._ __ _ _"_ _ v .,-,,-, u Ito .% IU II

of 183 GHz Water Vapor F
i 183 GHz Water Vapor R
of 183 GHz Water Vapor I

11.1.4 Release WVR for man
11.2.1.1 Contract Phase Monitc
11.2.1.2 WVR Spectrometer
11.2.1.3 WVR Feed, Window, L
11.2.1.4 Monitor and Control W
11.2.3 Deliver Pr
11.2.4 Integratiol
11.2.5 Verificatio
11.3.1 Dual-Loac
11.3.2 Release E
11.3.3 Contract
11.3.3.1 Dual-Loac
11.3.3.2 Load Fabi
11.3.3.3 Dual Loac
11.3.3.4 M/C Interf

n on Site of WVR
Amp. Calibration Dev
iial-Load Amo Cal for

nfor I

11.3.4 Assembly and Test of Dual Loa(
11.3.5 Integration of AmpCal on Produc

;tudies and
lgorithm De

r _0 0 1 0
r 0 0 0 12
er 0 0 3 3r n n n

7 0 11%
47 20 12%
33 0 16%

300 10% o/

8 8
75 79
39 42

leter Subassembly 0 0 0 0 0 300 10% 330 358
0 0 0 1 4 292 10% 325 364

rumentation 0 0 0 0 0 200 10% 220 239
ace 0 0 0 0 0 15 14% 17 18

0 0 0 12 47 20 9% 73 81
,r Package 0 0 0 24 94 0 7% 100 113

0 3 0 6 41 0 9% 45 51
vice Design Refinement 0 0 9 0 65 0 7% 70 74. , _ n n n n ,, ...

Mffr

> C

t u u u u u 08% 0 0
Cal 0 0 0 0 0 0 7% 0 0

0 0 0 2 8 51 7% 63 68
al 0 0 0 8 31 51 7% 88 95

Cal Device 0 0 0 11 43 76 7% 127 138
Amplitude Calibration 0 0 0 41 16 0 7% 17 18.AA A-- -- nn "n+I n11 A--J--....

,, , % ,L ...... qr 70 50 5

pport 48 0 0 0 343 0 5% 360 379
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t- 4 I
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Millimeter Array Construction: 2001

US Reference Project
Materials & Total Infla

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2001

1.1 Project Management 72 0 0 24 608 0 15% 700
1.1.1 Management, Planning, and Oversight 0 0 0 0 0 496 15% 571
1.1.2 Business Operations 0 0 0 0 0 40 15% 46
1.1.3 Chilean Operations 0 0 0 0 0 55 15% 63
1.1.4 Safety and Health 0 0 0 0 0 0 15% 0
1.1.5 Personnel 0 0 0 0 0 0 15% 0

1.1.6 Proect Science Office 0 0 0 0 0 0 15% 0
1.1.7 AUI Management 0 0 0 0 0 350 15% 402
1.2 Engineering 0 0 24 12 221 20 15% 277
1.2.1 System Engineering-Phase II 0 0 0 0 0 0 15% 0
1.2.2 Documentation System 0 0 0 0 0 0 15% 0
1.2.3 Production Engineering 0 0 0 0 0 0 15% 0
1.3 US Facilities 0 0 0 0 0 0 15% 00 0 0 0 0 60 15% 60
1.3.1 CDL Permanent Facilities 00 0 0 60% 600.

1.3.2 Manufacturing Facilities0 0 0 0 0 115 10% 127

1.3.3 Common Infrastructure 0 0 0 0 0 200 15% 230

2 Site Development 0 0 12 0 87 50 5% 144

2.2 Maintain Mining claims 0 0 0 0 0 25 5% 26
2.3 Contract A&E Studies 0 0 0 0 0 938 20% 1,126 1

0 0 93 20% 1,2 1
2.5.3 Contract Array Site Civil Works 0 0 0 0 0 0 20% 0

2.6.3 Contract OSF Civil Works 0 0 0 0 0 0 20% 0

2.7.3 Contract Civil Works 0 0 0 0 020% 0

2.8.1 Equip Array Site 0 0 0 0 020% 0
2.8.2 Equip Operations Support Facility 0 0 0 0 0 0 20% 0

.. 0.

03 4 0348 0 14% 3973.1 Antenna Engineering Support 0 0 48 0 348

3.8.10 Sign Transporter Contract 0 0 0 0 0 790 20% 948

3.8.30 Accept Transporter #2 at OSF 0 0 0 0 0 0 20% 0

3.8.35 Contract for Transporter #1 Move to site 0 0 0 0 0 0 12% 0
3.15 Procurement of Antenna 2 0 0 0 0 0 3,002 27% 3,813 4
3.20 Sign Contract for Production Antennas 0 0 0 0 0 0 20% 0
3.21 Antenna Contract Supervision 0 0 0 0 0 0 12% 0

3.23 Accept Antenna #3 at OSF 0 0 0 0 0 0 27% 0

3.25 3.27, 3., Accept Antennas #4 through #36 0 0 0 0 0 0 27% 0

4.1.1.2 Fabricate PPRC 0 0 3 8 53 69 28% 1

4.1.1.3 Test PPRC 0 3 3 3 51 10 5% 64

4.1.2.1 PPR Dewar Design 0 0 4 4 45 0 17% 52
4.1.2.2 PPR Dewar Fabrication and Vacuum Testing 0 0 1 6 31 8 40% 54
4.1.2.3 PPR Vacuum Windows and IR Filters 0 0 2 2 22 12 20% 41
4.1.2.4 PPR Cyogenics/Dewar Assembly and Testing 0 2 2 3 38 18 13% 63

4.1.3.1 PPR Control-Monitoring and Bias Electronics Design 0 0 6 6 67 0 21% 81

4.1.3.2 PPR Control-Monitor and Bias Electronics Construction 0 0 2 5 34 22 44% 81

4.1.4.1 Insert Mechanical-Thermal Design, Bands <275 GHz (Waveguid 0 0 6 0 44 0 48% 64

4.1.4.2 Insert Component Fabrication for Bands <275 GHz 0 0 1 8 38 37 56% 118

4.1.4.3 Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi o 0 0 6 0 44 0 48% 64

4.1.4.4 Insert Component Fabrication for Bands >275 Ghz 0 0 1 6 31 13 56% 67

4.1.4.8 PPR Insert Assembly (3 Bands) 0 0 0 3 12 5 44% 24

4.1.4.9 PPR Insert Testing (3 Bands) 0 0 2 2 22 0 16% 26

4.1.5.1 PPR Vacuum System Assembly 0 0 1 1 1126 8% 40

4.1.7.1 PPR Post IF System Design 0 0 1 1 11 0 22% 14

File: UsOnlyCostEstimatel999Jul05_rev04_summary.wb3
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Millimeter Array Construction: 2001
US Reference Project

WBS Task Name

4.1.7.2 PPR Post IF Syste
4.1.8.1 PPR Frame Desigi
4.1.8.2 PPR Frame Fabric
4.1.9.1 Prototype Producti
4.1.9.2 PPR Testing and E
4.1.10.1 Design ar
4.1.10.2. Design ar
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42.1 MMA Rec

Id build Pr

n Construction ani

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies

1999 $K 1999 $K
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n o o 5 2n
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4.2.4.3 Vacuum Windows
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4.2.4.6 Vacuum System F
4.2.4.7 Bias and Control-I
4.2.4.9 Assemble Receiv
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4.5.1 Construct and tes
4.5.2 Fabrication and a;
4.5.3 Test and Commis
4.3.1.1 Di
4.3.1.3 Fe
49.14 F

18

37 10

Contingency
Total Inflated
Cost Cost

1999 $K 2001 $K

24% 67 71
16% 34 36

14% 54 57
0 2 3 4 49 38 36% 119 125

1 Receiver Test Set 0 3 6 12 108 444 36% 751 789
84 213 11% 330 346

0 0 1 I 11 360 13% 419 441
Refinement 0 0 0 0 0 0 28% 0 0

^u 1 414
AMA RxI uocumentation

0 . 0 0 0 0 0 16% 0 0
0 0 0 0 0 0 20% 0 0

^ ^...
Filters Fabrication 0 v0
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er Inserts and Test
?v IF CSrctam
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t Crvo system f

esign, Fab, and Test 211-27
abricate 211-275 GHz mixer

4.3.2.1 Design, Fab, and Ti
4.3.2.3 Fabricate 602-720 (
4.3.2.4 Fabricate & test 60;
4.3.3.1 DE
4.3.3.3 Fa
4.3.3.4 Fa

3sign, Fab, and Test 275-37
abricate 275-370 GHz mixer

ruction 0 0 0 0 0 0 16% 0 0
0 0 0 0 0 0 20% 0 0

.... v I o : U U
A Receivers 0 0 0 0 0 0 16% 0 0
3r 2nd Evaluation Receiver 0 0 7 11 94 69 16% 189 198
Evaluation Receiver. 0 3 6 50 256 292 16% 636 668
stion Receiver 0 0 3 3 33 0 5% 35 37
Hz Mixer Design 0 0 6 7 69 96 52% 251 264
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4.3.4.3 Fabricate 89-116 GHz mixer blocks 0 0 0 0 0 0 16% 0
4.3.4.4 Fabricate 89-116 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.5.1 Design, Fab, and Test 163-211 GHz Mixer Design 0 0 0 0 0 0 52% 0
4.3.5.3 Fabricate 163-211 GHz Mixer Blocks 0 0 0 0 0 0 16% 0
4.3.5.4 Fabricate & test 163-211 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.6.1 Design, Fab, and Test 385-500 GHz Mixer Design 0 0 0 0 0 0 52% 0

4.3.6.3 Fabricate 385-500 GHz mixer blocks 0 0 0 0 0 0 16% 0
4.3.6.4 Fabricate & Test 385-500 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0
4.3.7.1 Design, Fab, and Test 125-163 GHz Mixer Design 0 0 0 0 0 52% 0
4.3.7.3 Fabricate 125-163 GHz mixer blocks 0 0 0 0 0 0 0 16% 0

4.3.7.4 Fabricate & Test 125-163 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 34% 0
4.3.8.1 BuildSIS Fabrication Equipment 0 0 6 24 137 846 14% 1,121 1,1

. . . . ... ^ ^t , , .. .

4.3.8.2 Build SIS 1
4.3.8.3 Build SIS 1
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est Dewa

4.3.8.6 Build Wafer Eval!
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Millimeter Array Construction: 2001
US Reference Project

Materials & Total Infla
WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C

Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2001

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 3 0 22 30 15% 59

4.3.8.8 Build 211-275 GHz Test Plates 0 0 6 6 67 240 14% 350

4.3.8.9 Build 602-720 GHz Test Plates 0 0 6 6 67 260 14% 373

4.3.8.10 Build 275-370 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.11 Build 89-116 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.12 Build 163-211 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.13 Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.14 Build 125-163 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 6 12 90 200 10% 319

4.3.9.2 Build IF amplifiers 0 0 6 12 90 52 10% 157

4.4.1 Contract for HFET wafer 0 0 2 0 15 100 24% 142

4.4.2 Receive and evaluate InP LNA wafer 0 0 3 6 45 12 16% 66

4.4.3.1 Build 31-45 GHz HFET Detector Modules 0 0 3 8 53 25 10% 85

4.4.4.1 Design 67-90 GHz amplifier 0 0 2 2 22 7 26% 37

4.4.4.2 Build 67-90 GHz HFET Detector Modules 0 0 0 0 0 25 14% 28

5.1 LO Reference: Prototype Systems 0 6 12 24 216 302 20% 622

5.2.1 Production testand lab equipment 0 0 0 0 0 0 10% 0
5.2.2 H-maser Frequency Standard (& Rb) 0 0 0 0 0 0 8% 0

5.2.3 8 GHz PL Oscillator & Distributor 0 0 1 1 11 0 12% 12

5.2.4 10 GHz PL Oscillator & Distributor 0 0 1 1 11 0 12% 12

5.25 12GHzPLOscillator& Distributor 0 0 . 1 1 11 0 12% 12

5.2.6 14 GHz PL Oscillator & Distributor 0 0 0 0 0 0 12% 0

5.2.7 3.2-5.2 GHz Synthesizer 0 0 . 0 0 0 0 16% 0

5.2.8 3.2 -5.2 GHz PLO and Fringe Generator 0 0 0 0 0 0 14% 0

5.2.9 Sampler Clock 4 GHz PL Osc & Distributor 0 0 1 1 11 0 12% 12

5.2.10 LO Ref Generator 0 0 0 0 0 0 12% 0

5.2.11 LO Ref Distributor- Control Bldg0 0 0 0 0 0 14% 0

5.2.12 Microwave Round-trip Phase Measurement 0 0 3 . 3 33_ 0 _49% 50

5.2.13 10-15 GHz Frequency Synthesizer 0 0 0 0 0 0 49% 0

5.2.14 First LO FringeGenerator 0 0 0 0 0 0 16% 0

5.2.15 16 GHz PL Oscillator & Distributor 0 0 0 0 0 0 12% 0

5.2.16 26GHz PL Oscillator & Distributor 0 0 0 0 0 0 12% 0

5.2.17 LO Ref Distributor - Antenna 0 0 0 0 0 18% 0

5.2.18 VXCO Clean-upLoop 0 0 0 0 0 100% 0

5.2.19: Pwer supply module 0 0 1 1 11 0 5% 12

5.2.20 Binsl Racks (assemble and test) 0 0 0 0 0 1 14% 1

5.3.1 LO Source Design and System Integration 0 0 12 18 157 20 36% 241

5.3.2.1 72-95 GHz LO Source Procurement & Fabrication 0 0 2 12 61 229 24% 360

5.3.2.2 72-95GHz LO SourceAssembly & Test 0 3 33 5 24% 48

5.3.3.1 102-120 GHz LO Source Procurement & Fabrication 0 0 2 12 61 229 24% 360

5.3.3.2 102-120 GHz LO Source Assembly &. Test0 0 3 3 33 5 24% 48

5.3.4.1 87-108 GHz LO Source Procurement & Fabrication 0 0 0 0 0 0 24% 0

5.3.4.2 87-108 GHz LO Source Assembly & Test 0 0 0 0 0 0 24% 0
5.3.5.1 65-86 GHz LO Source Procurement & Fabrication 0 0 0 0 0 0 24% 0

5.3.5.2 65-86 GHz LO Source Assembly & Test 0 0 0 0 0 0 24% 0

5.4.1 LO Multiplier Chain Design & System Integration 0 0 18 18 201 335 36% 729

5.4.2.1 211-275 GHz Receiver LO multiplier Parts 0 0 0 0 0 0 34% 0

5.4.2.2 211-275 GHz Receiver LO Multiplier Assembly & Test 0 0 0 0 0 0 34% 0

5.4.2.3 275-370 GHz LO integrate source & multiplier 0 0 0 0 0 0 34% 0

5.4.3.1 602-720 GHz Receiver LO multiplier Parts 0 0 0 0 0 0 34% 0

5.4.3.2 602-720 GHz Receiver LO multiplier Assembly & Test 0 0 0 0 0 0 34% 0

ited
,ost
$K

62
368
392

0
0
0
0
0

336
165
149

70
90
39
29

654
0
0

13
13
13
0
0

0
13
0
0

52
0
0
0
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0
0
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1
253
378
50
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50
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Millimeter Array Construction: 2001

US Reference Project __

WBS Task Name

5.4.3.3 602-720 GHz LO integrate source 8

5.4.4.1 275-370 GHz Receiver LO multiplie
5.4.4.2 275-370 GHz Receiver LO multiplie
5.4.4.3 275-370 GHz LO integrate source 8

5.4.5.1 163-211 GHz Receiver LO multiplie
5.4.5.2 163-211 GHz Receiver LO multiplie
5.4.5.3 163-211 GHz LO integrate source 8

5.4.6.1 385-500 GHz Receiver LO multiplie
5.4.6.2 385-500 GHz Receiver LO multiplie
5.4.6.3 385-500 GHz LO intearate source 8

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

multiplier 0 0 ' 0 0 0

r Parts 0 0 0 0 0

r ^cn h~ A --- n-'nn

r Parts
r Asserr
Smultipl

r Parts

5.4.7.1 125-163 GHz Receiver LO multiplier Parts
5.4.7.2 125-
5.4.7.3 125-
5.4.8.1 Desi
5.4.9 LO f

-163 GHz Receiver LO multiplier Assemb
-163 GHz LO integrate source & multiplier
;,, Rf ah '41. . _A-7 r, rivr I L ronllina

5.4.10 LO Multiplier Tesi

6.1 IF Field Prototype
6.2 IF Construction te
6.3 IF Multiplexer (2/
6.4 IF Demultiplexer (
6.5 IF Matrix Switch
6.6 IF Baseband Con
I- -Z 7 19 I v cr,,, - , 1 h,,

Total Inflated
Cost Cost

1999 $K 2001 $K

34% 0 0

34% 0 0
S i est u u u u u u 34%o U U

r 0 0 0 0 0 0 34% 0 0
0 0 0 0 0 0 34% 0 0

ly Test 0 0 0 0 0 0 34% 0 0
r 0 0 0 0 0 0 34% 0 0

0 0 0 0 0 0 34% 0 0
ly & Test 0 0 0 0 0 0 34% 0 0
r 0 0 0 0 0 0 34% 0 0

0 0 0 0 0 0 34% 0 0
& Test0 0 0 0 0 0 34% 0 0

r 0 0 0 0 0 0 34% 0 00 0 1 "
p gL0 _i_.. i _ L_ .V_ vu ,........n 12%70 I oU 7.3

ion Equipment 0 0 0 0 0 157 11% 174 183
aIpIeaw t I

Test Interferometer of 2 anten 1s. 0 0 12 12 134 175 10% 340 357
ui p v v u . u 1,6 "/4 5 324 341

0 0 0 0 0 0 20%j 0 0
0 0 0 0 0 0 10% 0 0
0 0 0 0 0 0 6% 0 0

ntenna) 0 0 0 0 0 0 20% 0 0
0 0 0 n 0 0

b.1 i- ruwel July iuuu ... - . 0

6.8 Bins / Racks (assemble and test) 0 0 0 0 0 0 5% 0

7.1 Prototype Optical Fiber Systems 0 0 18 24 224 324 32% 724
7.2 Digital IF Transmitters and Receivers 0 0 0 0 0 0 40% 0
7.3.1 16 GHZ FO LO Ref DistPrototype 0 0 18 36 271 206 40% 668
7.3.2 16 GHz FO LO RefDist with Integrated R/T Phase Meas. 0 0 0 0 0 0 28% 0
7.4 Production Test Equipment 0 0 2 2 22 219 5% 253
7.5 Monitor and Control Transmitters and Receivers 0 0 0 0 0 6 14% 7

7.6 Fiber Optics Power Supply Modules 0 0 0 0 0 2 14% 3

7.7 Bins / Racks (assemble and test) 0 0 0 0 0 0 14% 0

8.1.1 Refine digitizer design 0 0 3 6 45 5 30% 65
8.1.3 Digitizer contract materials 0 0 0 0 0 0 30% 0

8.1.4 Assembly of digitizers 0 0 0 0 0 0 26% 0

8.1.5 Digitizer validation and delivery 0 0 0 0 0 0 26% 0

8.2.1 Prototype FIR filter testing on interferometer 4 2 2 0 55 0 38% 76
8.2.2 Design & test FIRfilter refinement 1 1 3 3 47 5 32% 68
8.2.4 FIR filter chip _& board fabrication 0 0 1 1 11 234 32% 324
8.2.5 FIRfilter board assembly 0 0 0 0 0 0 26% 0

8.2.6 FIR filter board validation and delivery 0 0 0 0 0 0 32% 0
8.3.1 Correlator boards 0 12 30 8 320 31 26% 443 4
8.4 correlator Chip 0 0 6 4 59 275 30% 434 4

8.6 Correlator software 0 12 0 0 72 2 20% 88
8.5 Correlator Racks 0 0 3 6 45 31 20% 91

8.7 Prototype Correlator Production 0 0 0 0 0 0 28% 0

8.8:1 First 1/4 Correlator 0 0 0 0 0 0 28% 0
8.8.2 Second 1/4 Correlator 0 0 0 0 0 0 24% 0
8.8.3 Third 1/4 Correlator 0 0 0 0 0 0 24% 0
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Millimeter Array Construction: 2001
US Reference Project

Materials & Total Infla
WBS Task Name Scientists Programmers Engineers Technicians

Work-months Work-months Work-months Work-months
Personnel Supplies Contingency

1999 $K 1999 $K.

Dorrelator 0 0 0 0 0 0
est equipment 0 0 0 0 0 49

0 0 0 0" 0 0

tware 0 0 0 0 0 0
.... re 4 _ '- . .4 A,,.,.-.h e :,n " 'i : /n

MMA Correlator Softy
9.1.3 Multi-an1
9.1.4 Operatoi
9.1.5 Deliverc
9.1.6 MaintenE
9.2 Scheduli
9.2.1 Static Sc
9.2.2 Dynamic
9.2.3 Dynamic
9.2.4 DS
9.3 Pt
9.3.1 Pr

Cost Cost
1999 $K 2001 $K

24% 0 0
5% 51 54

0% 0 0
0% 0 0

,UJLU ana naiysis i _ ro u Z1u 34%1 287i .
Z__________________ _n_______________________,,.U,._________

, 4" 1 0 6I 332

I 0 0 0 0 0 60 34% 80 84
ces 0 18 0 0 107 0 34% 144 151

n n n n - A f .......

S - V 3 1 0 1 U Unn n
U 1RO/,I U V ,. . . A A rr r

no0V -/ o UOOJ U U

roposal preparation software
roposal assistance prototype

9.3.2 Proposal assist
9.3.3 Observe progra
9.3.4 Observe progr
9.4 Image pipeline
9.4.1 Automated calil
9.4.2 Prototype imag
9.4.3 Parallelizations
9.4.4 Initial image pig

9.52 Evaluate storaae h

9.6.2° Filler ana ton
9.6.3 ALMA specif
9.6.4 MMA Post-pr
9.6.5 Maintenance
9.7 Software sup
9 7 1 Tnnl ,nnnrt

.....- v 03I.o0U 0

ns _0 0 0 0 0 0 34% 0 0
0 0 0 0 0. 30% 0 0

ntation 0 0 0 0 0 0 39% 0 0
n tn n n ., . ...

_ 0 000 0 0 30% 0 0
ntation 0 0 0 0 ,2 0 3% 0 0

AA n n n U ... U.

bration & imaging heu
ie nineline

smentat

0
II VPVI [ ..... v AJ L0 0 U I

t 122210o-0_00% _ o _ 0•. . ._0 ~ . o; .~ . .

stics . 0 0 0 ", 0 0 39% 0 0
U no I n A.

0 0 0 0 0 0. 0 34% 0 0
S 0 0 0 0 0 26% 0 .n n n n ,- _.

I A.. v J U /o U U
N0

- v

e 0 ' 0 o o 0 30% 0 0
0 0 0 0 0 0. 11% 0 0n n n n .,-, _

.30%

0 .0 0 0 _ 0 0 0% 0 0

ons 0 0 0 0 0 O 22% 0 0
. " 0 0 0 0 0 0 39% 0 0
, A A - -A U UO IU Un n 0s

S1 v v 2LLo 0)port 0 0 0 0 0o o o o% o o
nQn a ..O n ^ An..... .

.1 . I .. 1 A U , • • - -l v /O AL. pp.. 34/ 72_ . In. r . .n _~
9.7.2 (Quality assurance
9.7.3 Chile system administra

7') 7o

V0 u 3 4" /0 48O1___________________________________0 __22%______0 __

.., ..-

SIntegration .- 0 00 0
r Site Preparation 12

site 0 0 0 n0

10.10.4 Antenna #1 (
10..10.7 Antenna #2 (
10.10.10 General Outi

0 10% 0 0
48 25% , 75 78

0 } 0 6 6 67 25 25% 115 121
0 0 0 0 0 0 25% 0 0Sn n n n - , .. "

u u U 0 0 0 11%
7rn/

0 0
0 0

A A 7 Ar[n_ _

1 n A A 'Eli O U 2~o 62 65
0 0
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8.8.4 F
8.9 C

9 C
9.1 (
9.1.1 1
9.1.2 ware

9.4.5
9.5
9.5.1 distribu

9.5.3 Prn
9.6 Po
9.6.1 - De

hive

fine data forrmnats

10
10.4
10.10

Dish Tests10.11 Single C
10.11.1 Ant #1 r
10.1112 Ant #1
10.11.6 Ant #2 r
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Millimeter Array Construction: 2001
US Reference Project 1

WBS Task Name Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

1I 447 Ant, *) Antanna Evaluatinn 1 0 0 0 0l A A
10.12 InterferomeInl

10.12 Interferome
10.12.1 Phase/gain stability
10.12.2 Sensitivity verificatic
10.12.3
10.12.4
10.13.
10.14
10.14.1
10.14.2
10.14.2.1
10.14.2.2
10.14.2.3
10.14.2.4
10.14.3

-site System I

10.14.3.1 Re-install electroni,
10.14.3.2 Check out at OSF
10.14.3.3. Install antenna at a
10.14.4 Install central build
10.14.5 Suooort debuaaine
10.20 Prototype Testil

11.1.1 Completion of 1
11.1.2 Demonstrate :1
11.1.3 Refinement of 1
11.1.4 Release WVR f
11.2.1.1 Contract Phase
11.2.1.2 WVR Spectrom
11.2.1.3 WVR Feed, Win
11.2.1.4 Monitor and Co
11.2.3

11.2.4
)eliver.Produc
itegration of V

11.2.5.. Verification
11.3.1 .. Dual-Load A
11.3.2 Release Due
11.3.3 Contract Sul
11.3.3.1 Dual-Load A
11.3.3.2 Load Fabrics
11.3.3.3 Dual Load A
11.3.3.4 M
11.3.4 A:
11.3.5 In
114 . In

.,ir. ~Tn n n n A n
A A A A n .

Total Inflated

Cost Cost
1999 $K 2001 $K

o 0
0 0
A A

on 0 0 0 0 0 0 25% 0 0

tronomical sources 0 0 0 0 0 0 25% 0 0
tetrofits 0 0 0 0 0 0 35% 0 0
system and ship to array site 0 0 0 0 0 0 35% 0 0
sgration 0 0 0 0 0 0 50% 0 0

id test facilities at OSF 0 0 0 0 0 0 25% 0 0
rough 36 0 0 0 0 0 0 25% 0 0

q 0 0 0 0 0 0 25% 0 0

Ireceiver cabin 0 0 0 0 0 0 25% 0 0
ed antenna at OSF 0 0 0 0 0 0 25% 0 0
rray site. 0 0 0 0 0 0 25% 0 0
; 1 and 2 0 0 0 0 0 0 25% 0 0
s and upgrade as needed 0 0 0 0 0 0 25% 0 0

0 0 0 0 0 0 025% 0 0
n NnA .- -v site

no Suooort

N n

nics 0 0 0 0 0 0 25% 0 0
r 0 0 0 0 0 0 25% 0 0rn n n, ,- ,.,_

83 GHz Water Vapor
83 GHz Water Vapor I

3 GHz Water Vaoor Radiometer
or manufi
Monitor F

Iw Le
I W\

f WVR

Lr

1n
0

/. A ni v / 0

0 1 0 7 0
0 0 11 43 20
0 0 0 0 0 1Ro

11% 8 8
12% 70 74

0 0 0 0 0 90 10% 99 104
ubassembly 0 0 0 0 0 0 10% 0 0

n"n " --

i AOl 12 1q

entation 0 0 0 0 0 0 10% 0 0
0 0 0 0 0 0 14% 0 0.. . rn n , -,-,__-.

Device Design F
i for Mftr

sembly Dual-Load Aml
Cal Subassy Machininc
n for Dual Load AmoDC

/C Interface for Dual I
ssembly and Test of [
itegration of AmpCal (

.rPI , -- -n ,,,
Qo/ n n

% 0 0 00. 91 0 0

finement 0 0 7 0 51 0 7% 54 57

SCal 0 0 0 0 0 0 7% 0 0

0 0 0 0 0 0 7% 0 0,_, ' n ,,-.

Cal Device

naaina Studies and Project Support
11.5 Imaging Algorithm

Tr~~ic

I A no U I
oirr frc plv n n n fl fl n

0 nl

- . . .A. 17 0  U 0
0 0 0 0 0 0 7% 0 0

libration 0 0 0 0 0 0 7% 0 0
0 0 0 0 0 7% 0 0

48 0 0 0 343 0 5% 360 379
,4 " n n n",^ -

.0Uln.llU llI 11 -I u 4 u 0o 
7

j U 7% 92

145 157 482 672 Sn.n0 1 7in ,n 'n n 10, nit
'"__ - _ _ _ l _ _ ......_..__.. VVV i _Vl I " o J VVJ'U ,L-,UU
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Millimeter Array Construction: 2002
US Reference Project

WBs Task Name

1.1 Proje
1.1.1 Mane
11.2 Busir
1.1.3 Chile
1.1.4 Safel
1.1.5 Persi
1.1.6 Proje
1.1.7 AUI1
1.2 Engili
1.2.1 Syst

4-77 
n^--

.L.L U
1.2.3 PI
1.3 .U

Wave

Scientists Programmers Engineers Technicians Pe
Work-months Work-months Work-months Work-months

60 0 0 24

0 0 0 04
n n

Materials &
ersonnel Supplies Contingency
1999 $K 1999 $K

lt 0 0 V/0 V U
1n n n nno.l ,,

- v LI U U

0 0 0 0 0 0 44% 0 0

0 0 0 0 0 0 48% 0 0
.75 00n n n U " U

Total Inflated
Cost Cost

1999 $K 2002 $K

0 15% 601 647
608 15% 699 753

S . , - - .- .vu i I u
• 0 0 0 o0 0 15 15% 17 19
. i0 0 -0 .. 0 0. 0 15% 0C

_0 0 0 0o 0 0 15% C 0 0
ce 0 0 0 0 0 0 15% 0 0

0 0 0 0 0 350 " 15%/ 402 03

24t vA A1G -I i.J/04 L.I1r_ 5
0
A n n 

em Enaineerina-rnase II

S Facilities
13.1- CDL Perm
1.3.2 Manufactu
1.3.3 Common Ii

2

2.2
2.3
2.5.3
1 9:9

0 0 0 0 0 0 15% 0 0
0 0 0 0 0 0 15% 0 0nn n / -,......

. v v U15% 00

ent Facilities 0 0 0 0 0 600 0% 600 600
g Facilities 0 0 0 0 0 115 10% 127 136
astructure 0 0 0 0 0 200 15% 230 248

ment 0 0 12 0 87 50 5% 144 155
ng claims 0 0 0 0 0 25 5% 26 28
SStudies 0 0 0 0 0 0 20% 0 0
3y Site Civil Works 0 0 0 - 0 0 16,223 20% 19468 20,964____________________ ________________________ _ 0. 16,22 20 9,6 2,6

rCntract n OF Civil Wnrks

2.8.1 E
2.8.2 E

quip Array Site 0 0 0 0 0 5,430 20% 6516 7017
quip 'Operations Support Facility 00 0 0 0 540 20% 6 7 0

3.1 Antenna
3.8.10 Sign Tra
3.8.30 Accept T
3.8R35 Contract for 1
3.15 Procurement of
3.20 Sign Contract fl
3.21 Antenna Contr

upport ' 0 0 48 0 348 0 14% 397 428
.A/. A A/%^

0 0 0 l 0 0 20% 0 0
site 0 0 0- 0 0 : 0 12% 0 0

;ontract
r #2 at C

kntenr

3.23 Accept Antenna #3 at OSF
3.25, 3.27, 3.;Accept Antennas #4 through #31

4.1.1.2 F
4.1.1.3 T

0 0 0.0 0 0 20% 0 0
0 0 0 0 0 0 12% 0 0

_ 0 0 0 0 0 27% 0

. . ,. ,.4

4.1.2.1 PPR Dewar Design
4.1.2.2 PPR Dewar Fabricatior
4.1.2.3 PPF
4.1.2.4 PPF
4.1.3.1 PPF

v -. V
n n • n .

n n n n ,

0 28%I 0 0
0 5% 0 0

I V T u I0 0

1Vacuum Testing 1 0 0 00 0 40% 0 0, i,., -:,_ _ _ _ _ _ _ _ _ _ _ _ _ _ ,,- __ _ _ __

uum Windows and iR Filters
ogenics/Dewar Assembly and
trol-Monitoring and Bias Elec

4.1.3.2 PPR Control-Monitor
4.1.4.1 Insert Mechanical-The
4.1.4.2 Insert Component Fat
4.1.4.3 Insert Mechanical-The
4.1.4.4 Insert Component Fat
4.1.4.8 PPR Insert Assembly
4.1.4.9 PPR Insert Testing (3
4.1.5.1 PPR Vacuum System
4.1.7.1 PPR Post IF System

1999-07-05 02:56 PM

, Bands <275 GH;
Sands <275 GHz

Bands >275 Ghz 0 0 0 0 0 56%0 0 0
A n n n U-..._ _

S44 0 U U

ian

i , V. Uu 00o

1bly 0 0 0 0 0 8% 0 0
n n n n ..,.
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Millimeter Array Construction: 2002
US Reference Project

WBS Task Name

4.1.7.2 PPR Post IF System Construction a
4.1.8.1 PPR Frame Design
4.1.8.2 PPR Frame Fabrication.. . .. . . . '

4.1.9.1 Prototype
4.1.9.2 PPR Testi
4.1.10.1 Design an
4.1.10.2 Design an
4.1.10.3 GeneralT
4.2.1 MMA Rec
4.2:2 MMA Rec
4.2.4.1 MMA Rx[

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

esting 0 0 0 0 0 0
0 0 0 0 0 0

eceiver Intearation

Total Inflated
Cost Cost

1999$K 2002 $K

24% 0 0
16% 0 0,h0 .

14% 0 0
0 1 3 4 43 37 36% 109 118

uction Receiver Test Set 0 0 0 0 0 0 0 36% 0 0-
t Test Set 0 0 0 0 011% 0 0

n__ _n_ n__ _ _ _ _ _ _ _.__ _,1 . _ _ _ _

rer (MMA Rx) Design Refinter (MMA Rx) Documentati
war Fabrication

4.2.4.2 MMA Rx Crvoaenics FE
4.2.4.3 Vacuum Windows and IR Fil
4.2.4.4 I ter Insert
4.2.4.5 MMA Receiver Fram
4.2.4.6 Vacuum System Fat
4.2.4.7 Bias and Control-Mo
4.2.4.9 Assemble Receiver I
4.2.4.10 Assemble MMA Rx IF System
4.2.6.1
4.5.1
4.5.2
A A,

rest & (
and tes
n and a

Fabric;

nent 0 0 6 2 51 0 28% 66 71
0 0 2 4 30 5 18% 41 45

on0 0 0 0 0 0 16% 0 0

0 0 0 0 0 0 20% 0 0

on 0 0 2 11 57 55 16% 130 140

w L
0
L /U 0. 0 rh1 r

IcauU I in u a e imuy

1 and testing.
I Electronics Constructic
and Test

y of"

O 0 0 0 0 016% 0 0
I 0 0 1 2 15 .0 16% 17 19

,.9A
0

.,....AA

0 0 0 0 0 0 14% 0 0
ers 0 0 0 0 0 0 16% 0 0
aluation Receiver 0 0 0 0 0 0 16%4 0 0
SReceiver. 0 0 0 0 0 0 0 16% 0 0

i ReRiver
1\GVGIYG v v v V V 0 70 1 I 11

A A : ., -- A .V n ' .

4.3.1.1 Uesi II, ru, allu aneL I -L 1. u I iv, -- v U -

4.3.1.3 Fabricate 211-275 GHz mixer blocks 0 0 0 5 20 3 16% 26

4.3.1.4 Fabricate & test 211-275 GHz SIS Mixer Detector Modules 0 0 9 22 151 265 52% 633

4.3.2.1 Design, Fab, and Test 602-720 GHz Mixer Design 0 0 0 0 0 0 52% 0

4.3.2.3 Fabricate 602-720 GHz mixer blocks 0 0 0 7 27 3 16% 35

4.3.2.4 Fabricate & test 602-720 GHz SIS Mixer Detector Modules 0 0 .9 22 151 289 78% 784

4.3.3.1 Design, Fab, and Test 275-370 GHz Mixer Design 0 0 24 29 287 327 52% 934 1,(
4.3.3.3 Fabricate 275-370 GHz mixer blocks 0 0 0 5 20 5 16% 28

4.3.3.4 Fabricate & test 275-370 GHz SIS Mixer Detector Modules 0 0 12 30 204 384 52% 894 9
4.3.4.1 Design, Fab, and Test 89-116 GHz Mixer Design 0 0 32 39 384 367 52% 1,142 1,2

4.3.4.3 Fabricate 89-116 GHz mixer blocks 0 0 '0 0 00

4.3.4.4 Fabricate 89-116 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 0 52% 0

4.3.5.1 Design, Fab, and Test 163-211 GHz Mixer Design 0 0 0 0 0 0 52% 0

4.3.5.3 Fabricate 163-211 GHz Mixer Blocks 0 0 0 0 0 0 16% 0

4.3.5.4 Fabricate & test 163-211 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.6.1 Design, Fab, and Test 385-500 GHz Mixer Design 0 0 0 0 0 0 52% 0
4.3.6.3 Fabricate 385-500 GHz mixer blocks 0 0 0 0 0 0 16% 0

4.3.6.4 Fabricate & Test 385-500 GHz SIS Mixer Detector Modules 0 0 0 0 52% 0

4.3.7.1 Design, Fab, and Test 125-163 GHz Mixer Design 0 0 0 0 0 0 52% 0
4.3.7.3 Fabricate 125-163 GHz mixer blocks 0 0 0 0 0 0 16% 0

4.3.7.4 Fabricate & Test 125-163 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 34% 0

4.3.8.1 Build SIS Fabrication -qu
4.3.8.2 Build SIS Test Dewar & R
4.3.8.3 Build SIS Test Dewar & R
4.3.8.4 Build SIS Test DE
4.3.8.5 Build SIS Te,
4.3.8.6 Build Wafer E

Panr R R

u
27
582

0
38

344
506
30

)63
?30

0
0
0
0
0
0
0
0
0
0
0

,i,,. .. v v 1 U U
:ack #1 0 0 0 14%I 0 0
ack #2 0 0 2 10 54 0 14% 61 66
_,.,- n nAA"! 0n A^_

lewar & RacK #4 I Ar A At A 0A

tSets 0 0 0 0 0 0 18% 0 0
it 0 0 0 0 0 63 5%66 71
,,_ ,_ _' _ _ _ n . nZ- V_ .
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Millimeter Array Construction: 2002
I IPe fArnrp PriectI

5.2.19 Power supply module-
5.2.20 Bins / Racks (assembl
5.3.1 LO Source Design anc

- and test):

5.3.2.1 72-95 GHz LO Source Prn
5.3.2.2 72-95 GHz LO Source As
5.3.3.1 102-120 GHz LO Source

102-120 GHZ LU Source
87-108 GHz LO Source F
87-108 GHz LO Source I
65-86 GHz LO Source Pr

5.3.5.2 65-86 GHz LO Source A
5.4.1 LO Multiplier Chain Desi
5.4.2.1 211-275 GHz Receiver L
5.4.2.2 211-275 GHz Receiver L
5.4.2.3 275-370 GHz LO integra
5.4.3.1 602-720 GHz Receiver L
5.4.3.2 602-720 GHz Receiver L

1999-07-05 02:56 PM

Materials & Total Inflat

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2002

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 12 12 134 30 15% 188
4.3.8.8 Build 211-275 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.9 Build 602-720 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.10. Build 275-370 GHz Test Plates 0 0 6 6 67 240 14% 350
4.3.8.11 Build 89-116 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.12 Build 163-211 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.13 Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.14 Build 125-163 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.9.1 Obtain and evaluate InP IF amplifier wafers0 0 0 0 0 0 10% 0
4.3.9.2 Build IF amplifiers 0 0 6 32 168 104 10% 300
4.4.1 Contract for HFET wafer 0 0 0 0 0 0 24% 0
4.4.2 Receive and evaluate InP LNA wafer 0 0 0 0 0 0 16% 0
4.4.3.1 Build 31-45 GHz HFET Detector Modules 0 0 9 23 155 74 10% 252
4.4.4.1 Design 67-90 GHz amplifier 0 0 4 4 45 2 26% 59
4.4.4.2 Build 67-90 GHz HFET Detector Modules 0 0 6 18 114 74 14% 214

5.1 LO Reference: Prototype Systems 0 0 12 24 181 0 20% 217
5.2.1 Production test and lab equipment 0 0, 0 0 0 282 10% 310
5.2.2 H-maser Frequency Standard (& Rb) 0 0 1 1 11 300 8% 336
5.2.3 8 GHz PL Oscillator & Distributor 0 0 1 2 15 41 12% 63
5.2.4 10 GHz PL Oscillator & Distributor 0 0 1 2 15 41 12% 63
5.2.5 12 GHz PL Oscillator & Distributor 0 0 1 2 15 41 12% 63
5.2.6 14 GHz PL Oscillator & Distributor 0 0 1 2 15 41 12% 63
5.2.7 3.2-5.2 GHz Synthesizer 0 0 2 12 61 384 16% 517
5.2.8 3.2 -5.2 GHz PLO and Fringe Generator 0 0 3 6 45 134 14% 205 2

5.2.9 Sampler Clock 4 GHz PL Osc & Distributor 0 0 1 3 19 41 12% 67

5.2.10 LO Ref Generator 0 0 1 1 11 15 12% 30

5.2.11 LO Ref Distributor - Control Bldg 0 0 1 1 11 22 14% 37

5.2.12 Microwave Round-trip Phase Measurement 0 0 2 3 26 120 49% 217
5.2.13 10-15 GHz Frequency Synthesizer 0 0 2 7 42 81 49% 183
5.2.14 First LO Fringe Generator 0 0 3 6 45 134 16% 208 2
5.2.15 16 GHz PL Oscillator & Distributor 0 0 1 2 .15 41 12% 63
5.2.16 26 GHz PL Oscillator & Distributor 0 0 1 2 15 41 12% 63
5.2.17 LO .Ref Distributor - Antenna 0 0 1 2 15 54 18% 82
5.2.18 VXCO Clean-up Loop 0 0 1 2 15 122 100% 273

13 I 5/0 46
a__ I n n n . .r

ation 0 0 12 181 157 20 36% 241 260
, Fabrication 0 0 2 12 61 229 24% 360 388

._ n"r" ^ ,- 

nent & Fabrication 0 0 2 12 61 229 24% 360 388
y& Test 0 0 2 2 22 5 24% 34 36
nt & Fahriatin N 0 0 0 n n n

kssembly &"

0 L UI , ... ...... _ ._ _ v 24% 0
k Test

& F b r t 0 v ia tin+7o U U
t& Fabrication 4 0 0' 0 0 •.0 24%4 0es.,. _,.A0, /,.,

.414
n Intearation

4ssemhlv & Test 00n1 2

-- 30 34% ,0. ^ ..

27 30 34%
11I n 7Aoi

0 0.

729 785
77 82
A r w . n.

.-. . u o I U I u 340 15 16
1, ltinlier n1 n n N n . ..

4%rJ 0UrParts 0 0 2 8 46 61 34% 143 154
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Millimeter Array Construction: 2002
US Reference Project

Materials & Total Infl
WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C

Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2002

5.4.3.3 602-720 GHz LO integrate source & multiplier 0 0 0 0 0 0 34% 0
5.4.4.1 275-370 GHz Receiver LO multiplier Parts 0 0 2 8 46 61 34% 143
5.4.4.2 275-370 GHz Receiver LO multiplier Assembly & Test 0 0 0 0 0 0 34% 0
5.4.4.3 275-370 GHz LO integrate source & multiplier 0 0 0 0 0 0 34% 0
5.4.5.1 163-211 GHz Receiver LO multiplier Parts 0 0 0 0 0 0 34% 0
5.4.5.2 163-211 GHz Receiver LO multiplier Assembly & Test 0 0 0 0 0 0 34% 0
5.4.5.3 163-211 GHz LO integrate source & multiplier 0 0 0 0 0 0 34% 0
5.4.6.1 385-500 GHz Receiver LO multiplier Parts _ 0 0 0 0 0 0 34% 0
5.4.6.2 385-500 GHz RE
5.4.6.3 385-500 GHz L(
5.4.7.1 125-163 GHz R,
5.4.7.2 125-163 GHz R
5.4.7.3 125-163 GHz L
5.4.8.1 Design & fab 3'
5.4.9 LO Multiplier FR
5.4.10 LO Multiplier TE

!..ivp-r I 1 m ltinlier Asemhlv y& Test

y & Test 0 0 0 0 0o 0 34% 0 0
r0 0 0 0 0 0 34%1 0 0

Converter (8/antenna) 0 0 3 4 37 492 20% 635 683
...... I

ated

rost

Z$K

0
154

0
0
0
0
0
0

n A
+IIV I V I I, , U .,.i • ,,., ...... j . ........ + v. V %39+ u 0

integrate source & multiplier 0 0 0 "_0_ _0_0 34%1. _ _ 0
. . . . ... .. . .. n0n,..n..

eceiver LO multiplier Parts
eceiver LO multiplier Assen

.O integrate sc
1-45 GHz rece
abrication Eu
est Equipment

eld Prototype for Test In

urce & multiplier
iver LO couolinc

ment 0 0 0 0 0 24. 11% 26 28

iterferometer of 2 antennas. 0 0 6 91 79 0 10% 87 93

n test & lab eaulDmen

Demultiplexer (2/antenna)
Matrix Switch (2/antenna)

6.8 Bins / Racks (

7.1 Prototype Opt
7 2 Diaital IF Trar

-_0 0 3 6 45 578 20% J 748 805

0 0 3 4 37 204 10% 266 286Li l
0
'

emble and test) 0 0 2 4 30 38 5% 71 77

tical Fiber Systems
ismitters and Receivers

7.3.1 16 GHZ FO LO Ret Uist Prototype
7.3.2 16 GHz FO LO Ref Dist with Integ
7.4 Production Test Equipment
7.5 Monitor and Control Transmitters
7.6 Fiber Optics Power Supply Module
7.7 Bins / Racks (assemble and test)

8.1.1 Refine digitizer
8.1.3 Digitizer contra
8.1.4 Assembly of dir
8.1.5 Digitizer validat
8.2.1 Prototype FIR f
8.2.2 Design & test F
8.2.4 FIR filter chip &
8.2.5 FIR filter board

erials

d deli'
sting

rated /I I-Pnase Meas.

and Receivers

0 0 18 24
0 0 15 0
0 0 18 36

_ 1 _ _. '11 _n

224 0 32% 296
109 935 40% 1,461
271 0 40% 379
134 28R- 9-0 -- A)

319
1,573

409

0 0 0 0 0 0 5% 0
0 0 4 10 68 52 14%I 137 148

45 nR 
AOA 7.7

""-- 1u' A A A f0.

i4 - -o .

00 0 _0

0 0 3 3

0 0 1 23

0 0 30%
33 928 30%
97 n

.U /o 1IL22 I

very .0 0 1 11 5 26% 20 22
on interferometer 0 0 0 0 0 0 38% 0 0.... • n ~ ~~ ntn,. .

IV v ,,.1V U 32% U U

brication 0 0 0 0 0 650 32% 858 924
0 0 1 6 31 5 26% 45 48

r1 aUCIU va IUII u y 4. ,. U 32% -/ 2 32__ "

tor boards 0 0 0 0 0 26% 0 0
.. . r I "n n 12 d 147o[

rst 1/4 Correlc

1 3, 3,259

ks 0 0 0 0 0 0 20% 0 0

elator Production 0 0 24 32 299 104 28% 516 556
..... n n n

ator -- vu LO70 U

itor 0 0 0 0 0 0 24% 0 0
r 0 0 0 0 0 0 24% 0 0
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Millimeter Array Construction: 2002

US Reference Project

WBS Task Name

8.8.4 F
8.9 C

9 C
9.1 C
9.1.1

ou irth 1/4 Co.nrrltnr

/UI I IC U L I, lgll , p .iD I ,

Computing
Control Software

9.1.2 MMA Correlato
9.1.3 Multi-antenna 8
9.1.4 Operators and
9.1.5 Deliver control
O41 R hintnnnrP

9.2 Schedulin!
9.2.1 Static Sch
9.2.2 Dynamic s
9.2.3 Dynamic s

9.2.4 Dynamic s

9.3 Proposal j

9.3.1 Proposal
9.3.2 Pr
9.3.3 01
9.3.4 O
9.4 Image
9.4.1 Automa
9.4.2 Prototyl
9.4.3 Parallel
9.4.4 Initial in
9.4.5
9.5
9.5.1
952

Scientists
Work-months

0

Programmers Engineers Technicians
Work-months Work-months Work-months

0 0 0

n 12 n
Ii, , I II UOI I _ _ _ __11_ _I_ _ _ I- _ _u_"IL_. U O/'i70j 30 U.

r Software 3 36 0 0 236 0 34% 316 340

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Total
Cost

1999 $K

0 0 0 24% 0 0
0 0 0 5% 0 0

0 0 0 0% 0 00, " 0I 0%70%

Slh.arrav cnntml

Observers Ir
software

4Uiu,, 14 U 3 7oui u

nterfaces 0 18 0 0 107 0 34% 144 155
0 0 0 0 0 0 30% 0 0

OU vv V U 12 0.

n n n ,

ystem 0 0 0 0 0 0 34% 0 0
;cheduling simulation
scheduling prototype
scheduling implemen
preparation software
assistance orototype

1s

tal

.) U 34t/O U
n n n .,

v ,-, U U OU 0/o

on 0 0 0 000 _ 39%0 0
0 0 0 0 0 0 0% 0o 0
0 0 0 0 0 0 30% 0 0

ion 0 0 0 0 0 0 30% 0 0
0 0 0 0 0 0 26% 0 0

ne 0 0 0 0 0 0 0% 0 0

alibration & imaging heuristics 0 0 0 0 0 0 39% 0 0
pe imaae DiDeline

ementation 0 0 0 0 0 0 34% 0 34%0
S0 0 0 0 0 0 26% 0 0

0 n n n n

30%t 0 0
0 0 0 0 0 0 0% o

distributed archive 0 0 0 0 0 0 30% 0 0
E cl late nrne hardrwlre

9.5.3 Production archive 0 0 0 0 0 0 30% 0

9.6 Post processing 0 0 0 0 0 0 0% . 0

9.6.1 Define data formats 6 0 0 0 43 0 18% 51
9.6.2 Filler and format conversions 0 0 0 0 0 0 22% 0

9.6.3 ALMA specific calibrations 0 0 0 0 0 0 39% 0
9.6.4 MMA Post-processin begins 0 0 0 0 0 0 % 0

9.6.5 Maintenance 0 0 0 0 0 0 22% 0

9.7 Software support 0 0 0 0 0 0 0% 0

9.7.1 Tool support 0 9 0 0 54 0 34% 72
A A A -.

9.7.2 QUuality assurance
9.7.3 Chile system adminis

10

10.4
10.10
10.10.4

--tion 0 0 0 0 0 0 22% 0
rtion u u 0 01 0 0 22%j 0 0

em Integration
Interferometer Site Preparation

Antenna #1 Outfitting
An tnna # itfittinn

0 0 0 0 0 125 10% 138 148
0 0 0 0 0 0 25% 0 0n ,,n ,nn

0 0 0 0 0 0 25% 0 0
n n ~~ ,,,7_

n n u 25 , 22O7o 115 12
General Outfitting 0 0 12 12 134 55

Sn 25% 236
10.11 Single Disn I 1 ss

ace readjustment 0 0 0 0 0 25% 0 0
3 1 2 2 50 0 25% 62 67

ace readjustment 2 1 2 2 43 0 25% 53 57

Inflated
Cost

2002 $K

10.11.1 Ant #1 l
10.11.2 Ant #1
10.11.6 Ant #2 t
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Millimeter Array Construction: 2002
I IS Raffrnr e Prniar 1V r rG-. II-- I -I CjL

WBS Task Name

10.11.7 Ant #2 A
10.12 Interferon
10.12.1 Phase/g=
10.12.2 Sensitivi
10.12.3 .Holograr
10.12.4 Modifica
10.13 Dissasse
10.14 On-site
10.14.1 Set up a
10.14.2 Outfit an
10.14.2.1 Wiring a
10.14.2.2 Install eli

v tests

ith astronomical sourc
and Retrofits
I test system and ship

Integration

y and test f
3 throuah 3

sin r
10.14.2.3 Check out comoleted
10.14.2.4 Install a
10.14.3 Refurbi
10.14.3.1 Re-inst
10.14.3.2 Check

Scientists Programmers Engineers
Work-months Work-months Work-months

Technicians
Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Total

Cost
1999 $K

27 4R

Inflated

Cost
2002 $K

0 25% 124 134
0 11% 0 0 0

v V A ' U U V
n n n n I r

25O/, n n
v . .. . v v

0 0 0 00 0 035% 0 0
te 0 0 0 0 0 0 35% 0 0

. oL n A
ilitiesat OSF

facilities at OSF 0 0 0 0 0 0 25% 0 0
,, , nn ^A ^_,- ^ _
3 25%/, n A

0 0 0 0 0 0 25% 0 0

ceiver cabin 0 0 0 0 0 0 25%/ 0 0
antenna at uar

s 1 and 2
cs and upgi

10.14.3.3 Install antenna at array site
10.14.4 Install central build
10.14.5 Support debuggina
10.20 Prototype Testing'

11.1.1 Completion of 183
11.1.2 Demonstrate 183(

SFO/IT ~ . .. 4-%
2%o

n n

n n-- - --Ji

0 0 0 0 0 0 25%/a 0 0
s needed 0 0 0 0 0 0 25% 0 0

aing electroni
- and repair
Suppu I

GHz Water Vapor Radios
3Hz Water Vapor Radion

11.1.3 Refinement of 183 GHz Water Vapor
11.1.4 VR for manufacture

WVR Spectrometer
SFeed. Window. Lens. Instrumer

. Interface

f WVR into Rec
In Site of WVR

IUll JeVIIrc

>Cal for Mftr

tor a
11.2.3 Deliver Prodl
11.2.4 Integration 01

11.2.5 Verification o
11.3.1 Dual-Load Ai
11.3.2 Release Dua
11.3.3 Contract Sut
11.3.3.1 Dual-Load Ai
11.3.3.2 Load Fabrica
11.3.3.3 Dual Load Ai
11.3.3.4
11.3.4
11.3.5
11.4
11.5

9 o/ n n

0 0 0 0j 0 0 25% 0 0
cs 0 0 O 0 0 0 25% 0 0

n n n _ l --- ~00;--- ~~~---i
9ro/ n nT, A A 4. .1 .I n - 1 . II ~ c-------~~-----------------70

.. . 0 IO _ O L232

;r 0 0 0 0 0 0 11% 0 0
0 0 0 1 4 0 12% 4 5

r 0 0 3 3 33 0 16% 39 42
210 1 %o

.... V I I I In n .n i. .I .
"nne Uo~~niAn 0oriinmtor CI IhaEnm mhly n n n n A \ rA n .,,, I

2311 29

IUO : - I Lor
0 0 0 0 0 0 60 10% 66 71

n 0 0 0 04 0 140 10% 154 166
14AO

74 18

0 0 0 0 0 11 9% 11 12
'ackage 0 0 0 0 0 0 7% 0 0

in Cation for Dual i
mplitude Calib

y and T

:e for Dual L

qO%

i: l ^ r'c ,in D R finement I n n l -r

0 0 0 o 0 o 8% 0 0
)Cal 0 0 0 0 0 0 7% 0 0

0 0 0 1 4 32 7% 38 41

T ivo122200_ _4 _ 49
Drs, Servo 0 0 0 4l 16 -27 7%1 45 49

alibration 0 0 0 0 0 0 7% 0 0
0 020 0 0 0 7% 0 0

19 nn 1 A A n i.I
tI - V I70

Totals 92 110 502 7801 7,995 51,358 72,722 78.267
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Millimeter Array Construction: 2003

US Reference Project

WBS Task Name Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

9 R 1 (" rnnrat Arra/ . itp e.ivil Wnrks

uuiu _ u V GV /0I

- A ^9A0

Total Inflated
Cost Cost

1999 $K 2003 $K

gement 60 0 0 241 523 0 15% 601 663

1.1.2 Business
1.1.3 Chilean (
1.1.4 Satet
1.1.5 Persc
1.1.6 Proje
1.1.7 AUI
1.2 Engir
1.2.1 Syste
1.2.2 Docu
1.2.3 Prod
1.3
1.3.1
1.3.2
1.3.3

2

2.2
2.3

Plannina. and Oversiaht 609 15% 700 773

is 0 0 0 0 0 90 15% 103 114

0 0 0 0 0 15 15% 17 19.. _ g L
tv and Health

0 0 0 0 0 0 15% 0 0
e Office 0 0 0 0 .0 0 15% 4 0 0
nt . 0 0 0 0 0 350 15% 402 444

em Engineering-I hase II 0 0 0 0 0 0 15%.0 0

0 0 0 0 0 0 15% 0 0
I 0 0 0 0 0 0 15% 0 0

US Facilities
nn nAnn1- A A A Atv

-aClllities
3structure

0 0 0.0 0 200 15 I I230

0 0 0 0 0 200 15% 230 254

---
Site Development
Maintain Mining claims
C~nntract ARF Studies

0
0
0

0 12 0 87 .50 5% 144 159
0 0 0 0 25 5% 26 29

^ ^ ^A^A

2.6.3 Contract OSF Civil Works 0 0 0 0 0 3,535 20% 4,242 4,
2.7.3 Contract Civil Works 0 0 0 0 . 0 0 20% 0
2.8.1 Equip Array Site0 0 0 0 0 0 20% 0
2.8.2 Equip Operations Support Facility 0 0 0 0 0 0 20% 0

3.1 Antenna Engineering Support 0 0 0 0 0 0 14% 0
3.8.10 Sign Transporter Contract 0 0 0 0 0 0 20% 0
3.8.30 Accept Transporter #2 at OSF 0 0 0 0 0 20% - 0
3.8.35 Contract for Transporter #1 Move to site 0 0 0 0 0 0 12% 0
3.15 Procurement of Antenna 2 0 0 0 0 0 0 27% 0
3.20 Sign Contract for Production Antennas 0 0 0 0 0 1,615 20% 1,938 2
3.21 Antenna Contract Supervision 0 0 12 0 87 0 12% 98

3.23 Accept Antenna #3 at OSF 0 0 0 0 0 2,754 27% 3,498 3,1
3.25 3.27, 3. Accept Antennas #4 through #36 0 0 0 0 0 0 27% 0

4.1.1.2 Fabricate PPRC 0 0 0 0 0 0 28% 0
4.1.1.3 Test PPRC 0 0 0 0 0 0 5% 0
4.1.2.1 PPR Dewar Design 0 0 0 0 0 0 17% 0

4.1.2.2 PPR Dewar Fabrication and Vacuum Testing 0 0 0 0 0 0 40% 0

4.1.2.3 PPR Vacuum Windows and IR Filters 0 0 0 0 0 0 20% 0
4.1.2.4 PPR Cryogenics/Dewar Assembly and Testing 0 0 0 0 0 0 13% 0

4.1.3.1 PPR Control-Monitoring and Bias Electronics Design 0 0 0 0 0 0 21% 0

4.1.3.2 PPR Control-Monitor and Bias Electronics Construction 0 O 0 0 0 0 44% 0

4.1.4.1 Insert Mechanical-Thermal Design, Bands <275 GHz (Waveguid 0 0 0 0 0 0 00 48% 0

4.1.4.2 Insert Component Fabrication for Bands <275 GHz 0 0 0 0 0 0 56% 0

4.1.4.3 Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi o 0 0 0 0 0 0 48% 0

4.1.4.4 Insert Component Fabrication for Bands >275 Ghz 0 0 0 0 0 0 0 56% 0
4.1.4.8 PPR Insert Assembly (3 Bands) 0 0 0 0 0 0 44% 0

4.1.4.9 PPR Insert Testing (3 Bands) 0 0 0 0 0 16% 0

4.1.5.1 PPR Vacuum System Assembly 0 0 0 0 0 0 8% 0

4.1.7.1 PPR Post IF System Design 0 0 0 0 0 0 22% -0
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Millimeter Array Construction: 2003
US Reference Project

WBS Task Name

4.1.7.2 PPR Post IF System Construction and Testing
4.1.8.1 PPR Frame Desiagn
4.1.8.2 PPR Frame Fat
4.1.9.1 Prototype Produ
4.1.9.2 PPR Testing an
4.1.10.1 Design and built
4.1.10.2 Design and Fab
4.1.10.3 General Test Ec
4.21 . MMA Receiver
4.2.2 MMA Receiver (MMA F
4.2.4.1 MMA Rx Dewar Fabric
4.2.4.2 MMA Rx Cryogenics F
4.2.4.3 Vacuu
4.2.4.4 Receiv
4.2.4.5 MMA F

m Window
ver Insert F
Receiver F

eceiver Integration
ation
ype and Production
receiver Insert es
it
Ix) Design Refinerr
x) Documentation
tion
brication
IR Filters Fabricati

4.2.4.6. Vacuum System FaDncation and tesing.
4.2.4.7 E
4.2.4.9 /
4.2.4.10 /
4.2.6.1 1 I
4.5.1 (
4.5.2 F
4.5.3 1

F Systenm .

t and t

Scientists

Work-months

Programmers Engineers
Work-months Work-months

Technicians
Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Total Inflated
Cost Cost

1999 $K 2003 $K

0 24% 0 0
0 16% 0 0

0 0 0 0 0 0 14% 0 0
0 0 0 0 0 0 36% 0 0

iReceiver Test Set 0 0 0 0 0 0 .36% 0 0
r+. 0 .

t Set

0 0 0 0 0 0 13% 0 0
lent 0 0 0 0 0 0 28% 0 0

0 0 0 0 0 0 18% 0 0
0 0 1 6 31 42 16% 84 93

A A I IIv -'U'IUI l
11 57 91 16% 172 190

0 0 2 68 280 603 22%1 1,077 1,189
d assembly 0 0 1 12 54 90 16% 167 184

16% 7 3L3 L
onstruction 0 0 1 4 23 216 16% 277 306

0 0 34 68 512 657 20% 1,403 1,548

1 MMA Receivers
rem for 2nd Evalual

nmission 2nd Evaluation Receiver
4 3 1 1 ninn .Fah and Test 211-275 GHZ Mixer Uesian

il I'}180 I )I\ 6" 17 197rl rrr

SReceiver 0 0 0 0 0 0 16% 0 0
iver. 0 0 0 0 0 0 16% 0 0

0 0 0 0 0 0 5% n n
I IIIII VIVII/r11 - - ~' V V

I I\ r\ \ 90/,,

4.3.1.3 Fabricate 211-275 GHz mixer blocks 0 0 0 0 0 0 16% 0
4.3.1.4 Fabricate & test 211-275 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.2.1 Design, Fab, and Test 602-720 GHz Mixer Design 0 0 0 52% 0
4.3.2.3 Fabricate 602-720 GHz mixer blocks 0 0 0 7 27 11 16% 45
43.2.4 Fabricate & test 602-720 GHz SIS Mixer Detector Modules 0 0 9 22 151 119 78% 481 5
4.3.3.1 Design, Fab, and Test 275-370 GHz Mixer Design 0 0 0 0 0 0 52% 0
4.3.3.3 Fabricate 275-370 GHz mixer blocks 0 0 0 5 20 3 16% 26
4.3.3.4. Fabricate & test 275-370 GHz SIS Mixer Detector Modules 0 0 6 14 98 174 52% 414 4

4.3.4.1 Design, Fab, and Test 89-116 GHz Mixer Design 0 0 16 19 190 327 52% 786 8
4.3.4.3 Fabricate 89-116'GHz mixer blocks 0 0 0 3 12 3 16% 16

4.3.4.4 Fabricate 89-116 GHz SIS Mixer Detector Modules 0 0 6 14 98 202 52% 456 5
4.3.5.1 Design, Fab, and Test 163-211 GHz Mixer Design 0 0 32 39 384 117 52% 762 8

4.3.5.3 Fabricate 163-211 GHz Mixer Blocks 0 0 0 0 0 0 16% 0

4:3.5.4 Fabricate & test 63-211 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.6.1 . Design, Fab, andTest 385-500GHz Mixer Design 0 0 20 20 223 117 52% 517 5

4.3.6.3 Fabricate 385-500 GHz mixer blocks 0 0 0 0 0 0 16% 0

4.3.6.4 Fabricate & Test 385-500 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0

4.3.7.1 Design, Fab and Test 125-163 GHz Mixer Design 0 0 0 0 0 52% 0

4.3.7.3 Fabricate 125-163 GHz mixer blocks 0 0 :0 0 0 0 16% 0

4.3.7.4 Fabricate & Test 125-163 GHz SIS Mixer Detector Modules 0 0 0 00 0 34% 0

4.3.8.1 Build SIS Fabrication Equipment 0 0 0 0 0 0 14% 0

4.3.8,2 Build SIS Test Dewar & Rack #1 0 0 0 1 0 0 14% 0

4.3.8.3 Build SIS Test Dewar & Rack #2 00 0 0 0 0 14%

4.3.8.4 Build SIS Test Dewar & Rack #3 0 0 0 0 14% 0

4.3.8.5 Build SIS Test Dewar & Rack #4 0 0 0 0 0 0 14% 0

4.3.8.6 Build Wafer Evaluation Test Sets 0 0 0 00 18% 0

4.3.8.7.1 General SIS Test Equipment 0 0 0 0 0 0 5% 0

4.3.8.7.2 Equip Network Analyzer to 330 GHz 0 0 2 0 15 109 15% 142 1
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Materials & Total Infla

WBS Task Name

4.3.8.7 ~Near-r-eld n
4.3.8.8 Build 211-275
4.3.8.9 Build 602-723

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

A n 9 7 n A1---M-1. A.4e- -o r-c- CnasimA A A A n n l

Personnel Supplies Contingency
1999 $K 1999 $K

ihelna I est Luipli I t u u u u 3U 150%

5 GHzTest Plates 0 0 0 2 20 0 0 14%
SGHz Test Plates

RBuild 9275-370 GH7 Test Plates

Iot

Cost Cost
1999 $K 2003 $K

34 37
0 0
n n-t/0 - -

1AOL n n

Build 89-116 GHz Test Plates 0 0 6 6 67 220 14% 327 361
Build 163-211 GHz Test Plates 0 0 6 6 67 240 14% 350 386
Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0 0

I,.:I A [ 1&1 f2,'r- 4&dl~.~ ^ ^n

4.3.8.14 BUlla 125
4.3.9.1 Obtain ai
4.3.9.2 Build IF a
4.4.1 Contract
4.4.2 Receive
4.4.3.1 Build 31-45 GF
4.4.4.1 Design 67-90 (
4.4.4.2 Build 67-90 GH

5.1

5.2.1
522

1 test;

r HIFFT

InP IF amplifier wafers 0 0 0 0 0 0 10% " 0 0
0 0 6 32 168 104 10% 300 331
n n na......

and evaluate In- LNA water
r11I A 1 O I V U

I-r% 1 AIA .... ,r,. n n n n ,. . __

N flvI V/V

)etector Modules 0 0 0 0 0 0 10% 0 0
fier 0 0 0 0 0 0 26% 0 0

er Freauencv Standard (& Rb)
5.2.3 8 GHz PL Oscillator & Distributor
5.2.4 10 GHz PL Oscillator & Distributc
5.2.5 12 GHz PL Oscillator & Distribute
5.2.6 14 GHz P
5.2.7 3.2-5.2 G
5.2.8 3.2 -5.2 G
5.2.9 Sampler (
5.2.10 LO Ref G
5.2.11 LO Ref D

'L Oscillator

istributor - Contrc
5.2.12 Microwave Roun
5.2.13 10-15 GHz Freg
5.2.14 First LO Fringe(
5215 16 GHz PL Oscil
5.2.16 26 GHzF
5.2.17 .. LORefEl
5.21R VXCO Cl
5.2.19 Power supply
5.2.20 Bins/ Racks
5.3.1 LO Source Di
5.3.2.1 72-95 GHz LO oi0
5.3.2.2 72-95 GHz LO Sot
5.3.3.1 102-120 GHz LO
5.3.3.2 102-20 GHz LO

uLisri IUUlU

r
:ringe Generato
L Osc & Distrib

Id-trip Phase M
uency Synthesi
Generator
Ilator & Distribu

&nr _ Iictrih, tir

-1 nI L)I - V IioI 31)14/

0 0 0

0 0 0
20% 0 0
10% 0 0

1 . 1

0 0

0 0

utor

0 0 1 
2  

15 36 12% 57 63
or 0 0 1 21 15 36 12% 57 63

15b: 36 190/I
- --- -I A A 4 4 77I UI V .)I IL /0 J( O, - _

g7l

1-- - 7L1 63

0 0 2 12 61 336 16% 461 509
)r 0 0 1 6 31 118 14% 169 187n A I III A-^-

19 36 1 0/_
....... i 70IUO

0 0 0 0 0 0 12% 0 0
0 0 0 0 0 0 14% 0 0

asurement 0 0 3 3 33 108- 49% 211 233

er 0 0_ 1 _6_ 31 71 49% 151 167
0 0 1 6 31 118 16% 172 190

r. 0 0 1 2 15 36 12% 57 63
ator ui tu - 30 1Z 5 63
r- Antenna 0 0 0 2 8 48 18% 65 72

Smodule
(assemble and test
esign and System I tegrati

urce Procurement & Fa
rne Assembly & Test

U LUU I IUU IVV7OI L4.i tit
n n i A

191 A A A A0 L 1N IA A A nr •- ......-----------

1'+7O. 13. . I.
1 0 0 12 18 157 20 36% 241 266
brication 0 0 1 10 46 86 24% 164 181

n n 1 .

Procurement & Fabrication 0 0 1 10 46 115 24% 199 220
0A0 . AI

Source AssemDly t
5.3.4.1 87-108 GHz LO Source Pi
5.3.4.2 87-108 GHz LO Source A
5 3.5 1 85-86 GHz LO Source Prc
5.3.5.2 65-86 (
5.4.1 LO Mul

irce. Assembly & Test
1 Design

5:4.2.1 211-275 GHz Receiver LO multipli
5.4.2.2 211-275 GHz Receiver LO Multipli
5.4.2.3 275-370 GHz LO integrate s
5:4.3.1 602-720 GHz Receiver LO r

A R ' ( CA'_7') r, "7 RPriIIO I 0 mllltinli

..... F Zo24%o 22 24
& Fabrication 0 0 2 12 61 229 24% 360 398
Fest 0 0 3 

3  
33 5 24% 48 53

Fabrication 0 0 2 12 61 229 24% 360 398
.. n"n".

arts

33 9Ao 
' +7 0 .I-t 53

729 804

.i A A V O7 U U- , o - ^ " ,, _
ti CIJJGI i -u ', ~~ J U 34% 46 519 ml Iinii 0 0 3 R 1 i 1 n .

O -riu uli I1n n n .I .)4 IV%
ier Parts

er Assembly & Test

n o,*0 it\ .. .. IF
s n T __ lA AA e _

. vL'I 34%. , 8L2
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Materials & Total Infla
WBS Task Name

5.4.3.3 602-720 GHz LO integ r
5.4.4.1 275-370 GHz Receiver I
54.42 275-370 GHz Receiver I
5.4.4.3 275-370 (
5.4.5.1 163-211 (
5.4.5.2 163-211(
5.4.5.3 163-211(
5.4.6.1 385-500 (
5.4.6.2 385-500 (
5.4.6.3 385-500
5.4.7.1 125-163
5.4.7.2 125-163
5.4.7.3 125-163

5.4.8.1 Design & fab 3
5.4.9 LO Multiplier F
5.4.10 LO MultilDier T

6.1 IF
6.2 IF (
6.3 IFl
6.4 IF I
6.5 IF
6.6 IF B
6.7 IF P(

^ o " ,

Scientists Programmers Engineers Technicians PE
Work-months Work-months Work-months Work-months

ersonnel Supplies Contingency
1999 $K 1999 $K

' 7 n I - n.A

earate source & multioD

lz LO intearate source 8

GHz LO integrate source & multip
GHz Receiver LO multiplier Parts
GHz Receiver LO multiplier Asser
GHz LO intearate source

5 GHz receiver L
cation Equipmer

1

Cost Cost
1999 $K 2003 $K

128 142

0 0 0 0 0 0 34% 0 0
nbly & Test 0 0 2 9 50 0 34% 66 73
ier

arts 0 0 1 5

ssembly & Test 00 O
0 0

76 20 34% 128 142
27 30 34% 77 85

0 0 34% 0 0
53 10 340/% 84 93

0 0 2 8 46 61 34% 143 158
)l & Test 0 0 0 0 0 0 34% 0 0
r 0 0 0 0J 0 0 34% 0 0

0 0 1 3 15 24 
34
% 53 58

ly & Test 0 0 0 0 0 0 34% 0 0
yer 0 0 0 0 0 0 34% 0 0

q 0 0 0 0 0 0 12% 0 0

11 /, A N
I . - T ,_1 4/

v v 1104 U

Field F rof 2 antennas. 0 0 :2 3 26 0 10% 29 32
0 0 1 _ 2 15 0 5% 16 17

. Q U O _ , LI- _______________ I0 +

buatrix Switch (2/antenna
Matrix Switch (2/antenna)

I Converter (8/ante
nnlv module

19 179 1 o/, 9RA4 1

0 0 2 6 38 11.1 6% 158 174

0 0 6 11 86 430 20% 620 684

11 14
./ 1 A .1 . -. f4

97 9Q
A r~

0 32% 139 154
808 40% 1,461 1,613

0 ANO% 10n 20

7.1 Prototype (
7.2 Digital IF T
7.3.1 16 GHZ F

vstems

O LO Ref Dist Pr
7.3.2 16 GHz FO LO Ref Dis
7.4 Production Test Equipn
7.5 Monitor and Control Tn
7.6 Fiber Optics Power Sur
7.7 Bins / Racks (assemble

8.1.1 Refine digitizer design

n AnAI 4 AC
u v , 14 lu

ers 0 0 18 27 236
0 0 9 18 136

rated R/T Phase Meas. 0 0 24 12 221 139 28% 460 508n n n n A ,. . -

test)

8.1 3 Digitizer contract materials
8_ 1 _3. Dioitizer contract materials

8.1.4 Asse
8.1.5 Digiti
8.2.1 Protc
8.2.2 Desic
8.2.4 FIR f
8.2.5 FIR f
8.2.6
8.3.1

ilter board assembly
ilter board validation

0 0

pivers 0 0 5 12 83 47 14% 148 163
0 0 2 4 30 16 14% 53 59

67 20 14%0 oa 110
v -1 _7 _ _.:1 _ I V

0 0
0 0
0 0

41

0 0 0
0 0 0

0 0 0

30% 0 0
30%j 0 0
26%] 0 0

A A a -.
'1 j .1

.. 5 I 8J64oO 0

,rferometer 0 0 0 0 0 0 38% 0 0
t 0 0 0 0 0 0 32% 0 0

0 0 .0 0 0 0 32% 0 0
0 0 1 6 31 5 26% 45 50

oand rdi

rrltor hnoard

8.4 Correlato
8.6 Correlato
8.5 Correlato

I Au uA l c. LL UL o 2
nnnn,.

I n n .Ar C.hinS- - v U 3U%

r software 0 12 0 72 2 20% 88 97^ Uo
r Racks

8.7 Prototype Correlator Productic
/4 Correlator

14 C rr.l r

v 2Uo U U
0 0 18 18 201 104 28% 390 431
0 0 18 18 201 389 28% 755 833

fl n n ,,.,.

2-t U4~i 4"o 46Z 32

4 Correlator 0 0 0 0 0 24%t 0 0
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WBS Task Name

8.8.4 Fourth
8.9 Correla

9

9.1
9.1.1
9.1.2
9.1.3

Scientists
Work-months

Programmers Engineers Technicians
Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

0 0 0 0 0 0

0 _ _0 0 0 0 0

Total Inflated
Cost Cost

1999 $K 2003 $K

24% 0 0
5% 0 0

0 0 0 0 0 0 0% 0 0
0 0 0 0 0 0 0% 0 0_____________________________________________

3AOOoJooOLI A A
Tet Int-rfrnmptor rnntrnol nd Anlvsi.s

9.1.4 Operators and Observer
rQ 1 £:: r ,i,- rnrnl cnrtwnr,
9. I . iJllVer c un

9.1.6 Maintenanc
9.2 Scheduling
9.2.1 Static Schedulina Sy
9.2.2
9.2.3
9.2.4
9.3
9.3.1
9.3.2
9.3.3
9.3.4

I simulatior

Dynamic schedulin
Proposal preparatic
Proposal assistanc
Proposal assistanc
Observe program r
Observe program

tion & imaging t
9.4 Image pipeline
9.4.1 Automated calit
9.4.2 Prototype imagE
9.4.3 Parallelization s
9.4.4 Initial image pip
9.4.5 Production imac
9.5 Archiving
9.5.1 Prototype distril
9.5.2 Evaluate storag
9.5.3 Production arch
9.6 Post processing
9.6.1 D
9.6.2 Fi
9.6.3 A
9.6.4 M
9.6.5 M
9.7 SI

efine data formats

S7 4 T, l ' i nnn

IIGI VVI Iu 1 1 C1 I - -a __ _ _1_ v /0 _
3R

C .+ .... =. v V ,3--4o70 1310
Ly control 0 24 0 0 143 0 34% 192 212
s Interfaces 0 18 0 0 107 0 34% 144 159

A A A Ow _
0 0

0 I I I0 10 18%I 10 ______________0_

l I,, ..... ,' V ,J-' % L
_______________^ ^ 6t JIjUV

0 0 0 0 0 0 30% 0 0

station 0 0 0 0 0 0 39% 0 0
0 0 0 0 0 0 0% 0 0
0 0 0 0 0 0 30% 0 0

station 0 0 0 0 0 0 30% 0 0

SAv A A At0 1, UnA nnA,

0 . . 0 0 0 0 0 0% 0 0

suristics 6 0 0 0 43 0 39% 60 66
nA

0
A An

ementatic 0 0 0 o 0 034% 0
0 0 0 0 0 0 26% 0 0

I AAr 9 . / I U oA
0

A0 A 0

e 6 6 0 0 79 21 30% 130 143
0 0 0 0 0 0 11% 0 0

0 0 0 0 0 0 0% 0 0
.... .,. QOL

-- v /oU
)ns 0 0 0 0 0 0 22% 0 0

3 0 0 0 21 0 39% 30 33
lins 0 0 0 0 0 0 0% 0 0

n nr ,,

22%.LL o

por0 0 0 0 0 0 0% 0 0____________________ ________________________._______________:___

-. l .I pIUUI pJU UI"

9.7.2 Quality assurance 0 12 0 0 72 0 34% 96 1

9.7.3 Chile system administration 0 0 0 0 0 22% 0

10 System Integration 0 0 0 0 0 0

10.4 Test Interferometer Site Preparation 0 0 0 0 0 25% 0
10.10 Oufitting at U.S. test site 0 0 0 0 0 0 12% 0
10.10.4 Antenna #1 Outfitting 0 0 0 0 0 0 25% 0

10.10.7 Antenna #2 Outfitting 0 0 0 0 0 0 25% 0

10.10.10 GeneralOutfitting 0 0 0 0 0 0 25% 0

10.11 Single Dish Tests 0 0 0 0 0 0 0 11% 0
..- . n n.

10.11.1 Ant #1 noloaraDn
10.11.2 Ant #1 Antenna E
10.11.6 Ant #2 holograph

,,y I J, U II V ,. , r.. .,,.,,,,,.,.j.... .... vU 0 ;~o.

"valuation , 0 0 0 0 - 0 0 25% 0 0
and surface readjustment 0 0 0 ol 0 0 25% 0 0
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10.11.7 Ant #2 Antenna Evaluation
10.12 Interferometric Tests
10.12.1 Phase/ga
10.12.2 Sensitivit
10.12.3 H lograpl
10.12.4 : Modificati
10.13 Dissasser
10.14 On-site S
10.14.1 Set upas
10.14.2 Outfit ant(
10.14.2.1 Wiring an
10.14.2.2 Install ele
10.14.2.3 Check ou
10.14.2.4 Install ant

in stability tests
y verification
hy with astronomi!
ons and Retrofits

1014.3 Refurbish antennas 1 and 2
10.14.3.1 Re-install e
10.14.3.2 Check out ;
10.14.3.3 Install antei
10.14.4 Install cents
10.14.5 Support del
10320 Prototvoe 1

11.1.1 Comr
11 1.2 Demc

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

0 0 0 0
0 0 0 0

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

V 0/01 U V-. A I ,.. -. 1 I-_ _ _ _

Total Inflated
Cost Cost

1999$K 2003 $K

0 0 25% 0 0
0 0 11% 0 0

46 25% 57 63
2 1 1 0 28 0 25% 34 38

al sources 4 2 1 1 52 0 25% 65 71
0 0 0 0 0 0 35% 0 0

nd ship to array site 0 0 0 0 0 0 35% 0 0
0 0 0 0 0 0 50% 0 0

icilities at OSF 0 0 1 2 15 0 25% 19 21
6 0 0 0 0 0 10 25% 13 14

0 0 0 7 29 77 25% 132 146

r cabin 0 0 0 7 25 77 25% 128 141
na at OSF 2 0 7 7 84 0 25% 105 116

0 0 0 7 28 0 25% 36 39
Sn n tn A...

25% 0 0
nics and upgrade as needed 0 0 0 0 0 0 25% 0 0

F 0 0 0 0 0 0 25% 0 0

t array site 0 0 0 0 0 0 25% 0 0
uiildina electronics I n

pair 0 0 6 121 90 0 25% .113 125
0 0 1 1 11 10 10% 23 26

pletion of 183 GHz Water Vapor
onstrate 183 GHz Water Vapor I

11.1.3 Refinement of 1i 3 GHz
11.1.4 Release WVR for manufd
11.2.1.1 Contract Phase Monitor F
11.2.1.2 WVR Spectro
11.2.1.3 WVR Feed, V
11.2.1.4 Monitor and C
11.2.3
11.2.4 n of

,ontrol\

11.2.5 Verification on Site of WVR
11.3.1 Dual-L
11.3.2 Relea
11:3.3 . Contra
11.3.3.1 Dual-L
11.3.3.2 Load I
11.3.3.3 Dual

Water Vapor F

0 0 11% 0 0

0 0 12% 0 0
_______________________^______ IU0

Sno/ n 0-- - i ~~- - I , / J
meter Subassembly 0 0 0 0 0 90 10% 99 109

0 0 0. 0 0 75 10% 83 91
strumentation 0 0 0 0 0 0 60 10% 66 73
rface 0 0 0 0 0 0 14% 0 0
rs 0 0 0 6 23 7 9% 33 37
ver Package 0 0 0 6 23 0 7% 25 28

AOL
" v1V V7o U

n,...., --- nDnin mn ln n n n IN

r Mttr

11.3.3.4 M/C Interfacefor Dual Load Amp Cal Dc

_ I V I v V I nnnnnU'°o
IL r\ \ r rr

n n

a Cal
0 0 0 1 4 19 7% 24 27

_ 0 0 0 4 16 24 7% 42 47
;Motors, Servo 0 0 0 4 16 24 7% 42 47

0 0v0 '

.st of Dual Load Amplitude (

11.4 Imaging Studies and Project Support
11.5 Imaging Algorithm Development

S-Tni-l

1 of AmpCal on Production Antenna
alibration 0 0 4 16 0 7 % 17 18

0 0 0 0 0 0 7% 0 0

0 0 01 0 0 5% 0 0
0 U Iuo U] 11

105 130 455 948 8.521 25 RR A)2 17 AR AA
_______________________ I _- --. L JUU
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WBS Task Name

1.1 Project Manage
1.1.1 Management, F
1.1.2 Business Oper;
1.1.3 Chilean Operat
1.1.4 Safety and Hea
1.1.5 Personnel
1.1.6 Project SciencE
1.1.7 AUI ManagemE
1.2 Engineering
1.2.1 System Engine
1.2.2 Documentation
1.2.3 Production Enc
1.3 US F
1.3.1 CDL
1.3.2 Manu
1.3.3 Comr

acilities
Permane
ifacturin

2 Site Deve
2.2 Maintain F
2.3
2.5.3.
2.6.3

ontract A&E S
ontract Array,

2.7.3 Contract (
2.8.1 Equip Amrr
2.8.2 Equip OpE

3.1 Antenna E
3.8.10 Sign Tran
3 R30n Accent Tr
3.8.35 C(
3.15 Pr
3.20 Sii

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

60 0 0 24 523

rersight 0 0 0 0 0

Total Inflated
Cost Cost

1999$K 2004$K

0 15% 601 680
705 15% 811 917
inn I R0% 115 113

., .. v Iv IJ/o. I IJ iJ

0 0 0 0 0 15 15% 17 20

0 0 0 0 0 0 15% 0 0
0 0 0 0 0 0 15% 0 0

e 0 0 0 0 0 0 15% 0 0
0 0 0 0 0 350 15% 402 455
0 0 24 12 221 20 15% 277 314

-Phase II 0 0 0 0 0 0 15% 0 0
,Im 0 0 0 0 0 0 15% 0 0

ng 0 0 0 0 0 0 15% 0 0
n \ n ,,. ...

0 0
;nt Facilities 0 0 0 0 0 600 0% 600 600

Facilities 0 0 0 0 0 115 10% 127 143

0 0 12
0 0 0
0 0 0

0 87 -50 5% 144- 163
0 0 25 5% 26 30

20no/ A .A

ivil Works 0 0 0 0 0 0 20% 0 0In Lnn n n n ,-....

ivil WorKS 0A
- /

0 0 0 01 0 400 20% 480 543
is Support Facility 0 0 0 04 0 2,200 20% 2,640 2,987

ering Support 0 0 0 0 0 0 14% 0 0
r Contract 0 0 0 0 0 0 20% 0 0
rter #2 at OSF 0 0 0 91 0 0 20% 0 0: --- • -. L. a-.. •.:a n ,n, .n ,

norter #1 Move tO site
VI IIU Q r IVI I I CAI i-J Jwl %v1 7T I i"

rocurement of Antenna 2
an Contract for Production A

3.21 Antenna Coi
3.23 Accept Ante
3.25, 3.27, 3.; Accept Ante

4.1.1.2 Fabricate PF
4.1.1.3 Test PPRC

act Supervisi5 #3~ at OSF

1 9/ n A

0 0 0 01 0 0 27% 0 0

tennas 0 0 0 0 0 . -0 20%0 %0
. -. ,. . .-

1961
11

1o0/w . I. /0 L I :1 L-
l1l1n.n .

91A 9F

as #4 through #36 0 0 5 0 33 8,262 27% 10,534 11,919

PRC o 0 0 00 0 0 0 0 0 28% 0 0
0 0 5% 0 0

7IZl rrr V uwal 1e 17n4 u
4.1.2.2 PPR[
4.1.2.3 PPR \
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4.1.7.2 PPR Post IF System Cc

4.1.8.1 PPR Frame Design
4.1.8.2 PPR Frame Fabricatior
4.1.9.1 Prototype Production R
4.1.9.2 PPR
4.1.10.1 Desig
4.1.10.2 Desig
4.1.10.3 Gene
4.2.1 MMA

uild Prototype
abricate Rece
Equipment
r (MMA Rx) E

4.2.2 MMA Receiver (MMA Rx) [
4.2.4.1 MMA Rx Dewar Fabricatior
4.2.4.2 MMA Rx Cryogenics Fabric

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

tion and Testing 0 0 0 0 0
0 0 0 0 _0

I so/

220/,
16%

Total Inflated
Cost Cost

1999 $K 2004 $K

0 24% 0 0
0 16% 0 0

30 o
S- -v- v v v U7

ver Integration 0 0 0 0 0 0 14% 0 0
1 0 0 0 0 0 0 36% 0 0
and Production Receiver Test Set 0 0 0 0 0 0 36% 0 0
iver Insert Test Set 0 0 0 0 0 0 11% 0 0

0 0 0 0 0 0 13% 0 0
esign Refinement 0 0 0 0 0 0 28% 0 0
)ocumentation 0 0 0 0 0 0 18% 0 0

0 0 1 10 46 70 16% 135 153
ation 0 0 3 30 139 660 20% 959 1,084
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4.2.4.5 MMA Receiver Frame Fabri catior
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4.2.4.9 Assemble F

itoring Electron
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4.2.4.10 Assemble MMA Rx IF System
4.2.6.1 Integrate T
4.5.1 Construct
4.5.2 Fabricatior
4.5.3 Test and C

lission MMA Receivers
isystem for 2nd Evalu
hlv of 2nd Evaluation F

12nd Evaluation F
431 Desinn. Fab. and Test 211-275 GHz Mixer

4.3.1.3 Fabricate 211-:
4.3.1.4 Fabricate & tes
4.3.2.1 Design, Fab, a
4.3.2.3 Fabricate 602-s
4.3.2.4 Fabricate & tes
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4.3.6.1 I
4.3.6.3 Fabricate 385-
4.3.6.4 1
4.3.7.1 1
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116 GHz mixer blocks
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r Detector Modules 0 0 0 0 0 0 78% 0 0
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r Detector Modules 0 0 12 30 204 356 52% 852 964
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4.3.8.3 Build SIS Test Dewar 8
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4.3.8.5 Build SIS Test Dewar 8
4.3.8.6 Build Wafer Evaluation

Al71 fA l SIS T t Ei i

14%O

Rack #1 0 0 0 0 0 0 14% 0
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SRack #4 0 0 0 0 0 0 14% 0 0
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Materials & Total Infla

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2004

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 0 0 0 0 15% 0
4.3.8.8 Build 211-275 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.9 Build 602-720 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.10 Build 275-370 GHz Test Plates 0 0 0 0 0 0 14 0
4.3.8.11 Build 89-116 GHz Test Plates 0 00 0 0 0 14% 0
4.3.8.12 Build 163-211 GHz TestPlates 0 0 0 01 0 0 14% 0
4.3.8.13 Build 385-500 GHz TestPlates 0 0 6 6 67 260 14% 373
4.3.8.14 Build 125-163 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 0 0 0 0 10%
4.3.9.2 Build IF amplifiers 0 0 6 32 168 104 10% 300
4.4.1 Contract for HFET wafer 0 0 0 0 0 0 24% 0

4.4.2 Receive and evaluate InP LNA wafer 0 0 0 0 0 0 16% 0

4.4.3.1 Build 31-45 GHz HFET Detector Modules 0 0 0 0o 0 0 10% 0
4.4.4.1 Design 67-90 GHz amplifier 0 0 0 0 0 0 26% 0
4.4.4.2 Build 67-90 GHz0HFET Detector Modules 0 0 0 0 0 14% 0

5.1 LO Reference: Prototype Systems 0 0 0 1 4 0 20% 5

5.2.1 Production test and lab equipment 0 0 0 0 0 0 10% 0
5.2.2 H-maser Frequency Standard (& Rb) 0 0 0 0 0 0 8% 0
5.2.3 8 GHz PL Oscillator & Distributor 0 0 2 3 26 36 12% 69
5.2.4 10 GHz PL Oscillator & Distributor 0 0 2 3 26 36 12% 69
5.2.5 12GHz PL Oscillator & Distributor 0 0 2 3 26 6 12% 69

5.2.6 14 GHz PL Oscillator & Distributor 0 0 2 3 26 36 12% 69

5.2.7 3.2-5.2 GHZ Synthesizer 0 0 2 13 65 336 16% 465
5.2.8 3.2 -5.2 GHz PLO and Fringe Generator 0 0 2 7 42 118 14% 182
5.2.9 Sampler Clock 4 GHz PL Osc & Distributor 0 0 2 4 30 36 12% 74
5.2.10 LO Ref Generator 0 0 1 1 11 0 12% 12
5.2.11 LO Ref Distributor -Control Bldg 0 0 1 1 11 0 14% 13

5.2.12 Microwave Round-trip Phase Measurement0 0 3 6 45 108 49% 229
5.2.13 10-15 GHz Frequency Synthesizer 0 0 2 7 42 71 49% 168
5.2.14 Fist LO Fringe Generator 0 0 1 7 35 118 16% 177

5.2.15 16 GHz PL Oscillator & Distributor 0 0 1 3 19 36 12% 61

5.2.16 26 GHz PL Oscillator & Distributor 0 0 1 3 19 36 12% 61

5.2.17 LO Ref Distributor- Antenna 0 0 1 3 19 48 18% _ 79

5.2.18 VXCO Clean-up Loop 0 0 1 3 19 106 100% 251
5.2.19 Power supply module 0 0 1 2 15 19 5 36
5.2.20 Bins / Racks (assemble and test) 0 0 0 1 4 11 14% 17

5.3.1 LO Source Design and System Integration 0 0 12 18 157 20 36% 241
5.3.2.1 72-95 GHz LO Source Procurement & Fabrication 0 0 0 0 0 0 24% 0
5.3.2.2 72-95 GHz LO Source Assembly & Test 0 0 0 0 0 0 24% 0
5.3.3.1 102-120 GHz LO Source Procurement & Fabrication 0 0 0 0 0 0 24% 0
5.3.3.2 102-120 GHz LO Source Assembly & Test 0 0 0 0 0 0 24% 0
5.3.4.1 87-108 GHz LO Source Procurement & Fabrication 0 0 2 12 61 229 24% 360
5.3.4.2 87-108 GHz LO Source Assembly & Test 0 0 2 2 22 5 24% 34
5.3.5.1 65-86 GHz LO Source Procurement & Fabrication 0 0 2 12 61 229 24% 360
5.3.5.2 65-86 GHz LO Source Assembly & Test 0 0 2 2 22 5 24% 34

5.4.1 LO Multiplier Chain Design & System Integration 0 0 18 18 201 335 36% 729
5.4.2.1 211-275 GHz Receiver LO multiplier Parts 0 0 0 0 0 0 34% 0

5.4.2.2 211-275 GHz Receiver LO Multiplier Assembly & Test 0 0 1 2 11 0 34% 15

5.4.2.3 275-370 GHz LO integrate source & multiplier 0 0 3 8 53 9 34% 83

5.4.3.1 602-720 GHz Receiver LO multiplier Parts 0 0 0 0 0 0 34% 0

5.4.3.2 602-720 GHz Receiver LO multiplier Assembly & Test 0 0 1 8 38 0 34% 52

199907-0 02.7 P 
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WBS Task Name

.ceiver LO multipDlier Assemly & I est

LO integr;
1-45 GH:

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

5.4.3.3 602-720 GHz LO integrate source & multiplier 0

5.4.4.1 275-370 GHz Receiver LO r
5.4.4.2 275-370 GHz Receiver LO r
5.4.4.3 275-370 GHz LO integrate s
5.4.5.1 163-211 GHz Receiver LO r
5.4.5.2 163-211 GHz F
5.4.5.3 163-211 GHz L
5.4.6.1 385-500 GHz F
5.4.6.2 385-500 GHz F
5.4.6.3 385-500 GHz L
5.4.7.1 125-163 GHz F
5.4.7.2 125-163 GHz F
5.4.7.3 125-163 GHz L
5.4.8.1 Desian & fab 3
5.4.9 LO Multiplier Fat

5.4.10 LO Multiplier Tes5.4.10 LO Multiplier Tes

6.1 IF Field PrototyF
6.2 IF Construction1
6.3 IF Multiplexer (2
6.4 IF Demultiplexer
6.5 IF Matrix Switch
5.6 IF Baseband Cc
B7 IF Power Suoppl

s for Test
ast & lab h

y module
6.8 Bins / Racks (assemble a

7.1
7.2
7.3.1

totvDe Optical Fiber Systems

nultiplier Parts u
nlmltinlier Assembly & Test I0

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

C5iCIYCI LV II IUI I I IGI ( I W , I- ! 1 U 0

.T -t l A A ,-t 7 -1 1... . . .. .. • o 4 ,, . .... 1.

Total
Cost

1999 $K

Inflated
Cost

2004 $K

4 12 76 18 34% 126 142
0 0 0 0 34% 0 0

b4

ource & multiplier 0 0 4 121 76 18 34% 126 142
mi iltinlier Parts

nultiplier Assembly & Test 0 0 1 5 27 0 34% 36 41

ource & multiplier 0 0 3 8 53 9 34% 83 94
cepiv ir I ml Itinlior P srt

LO multiplier Assembly & Test 0 0 1 5 27 0 34% 36 41
ate source & multiplier 0 0 4 12 76 20 34% 128 145

r nivr I miiltinlier Parts

:e & multiplier 0 0 1 2 15 0 34% 20 23
r LO coupling 0 0 0 0 0 0 12% 0 0
lent 0 0 0 04 0 0 11% 0 0

11 0 ,,0-,^ .

er of 2 antennas. 0 0 0 0 0 0 10% 0 0'

0 0 7 13 102 506 20% 729 824
.....

87

__ 0 0 1 5 27 111 6% 146 165

antenna) 0 0 6 13 94 430 20% 629 712
0 0 0 1 4 14 5% 19 22

test) 0 0 1 3 19 33 5% 54 62

ital IF Transmitters and Receiver
16 GHZ7 F LO) Ref Dist Prototvoe

7.3.2 16 GHz FO
7.4 Production 1
7.5 Monitor and
7 6 Fiher Ontics

I LU %f r:^n ...; I,, -,r- rI II Uh ,ca tl,,e
LU Iet

rest Eq
Contro

0 0
0 0
0 0

vi 1. I v. v
n n- nom -- A- - n A n - -

0 0 0
27 236 714

0 0 n

32% 0 0
40% 1,329 1,504

UIst WItI IL teLrL du I I ilae alie__ u u "- ou _ _ i_ __1_ zt/o b1 ) ii

uipment a 0 0 0 0 0 5%1 0 0
)I Transmitters and Receivers 0 0 5 12 83 44 14% 145 164

30. . 15 ,-,,-l.
Ponwer SInnlv Modules

7.7 Bins / Racks (assemble and test) 0 0 4 8 60 20 14% 91 1

8.1.1 Refine digitizer design 0 0 0 0 0 0 30% 0

8.1.3 Digitizer contract materials 0 0 0 0 0 0 30% 0
8.1.4 Assembly of digitizers 0 0 0 0 0 0 26% 0

8.1.5 Digitizer validation and delivery 0 0 _0 0 0 0 26% 0
8.2.1 Prototype FIR- filter testing on interferometer 0 0 0 0 0 0 38% 0
8.2.2 Design & test FIR filter refinement 0 0 0 0 0 0 32% 0
8.2.4 FIR filter chip & board fabrication 0 0 0 0 0 0 32% 0

8.2.5 FIR filter board assembly 0 0 0 0 0 0 26% 0

8.2.6 FIR filter board validation and delivery 0 0 0 0 0 0 32% 0

8.3.1. Correlator boards 0 0 0 0 0 26% 0
8.4 Correlator Chip 0 0 0 0 0 0 30% 0
8.6 Correlator software 0 0 0 0 0 0 20% 0
8.5 Correlator Racks 0 0 0 0 0 0 20% 0
8.7 Prototype Correlator Production 0 0 0 0 0 0 28% 0
8.8.1 First 1/4 Correlator 0 0 18 18 201 10 28% 270 3
8.8.2 Second 1/4 Correlator 0 0 18 18 201 0 24% 249 2
8.8.3 Third 1/4 Correlator 0 0 0 0 0 389 24% 482 5
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WBS Task Name

8.8.4
8.9

9
9.1
9.1.1
9.1.2
9.1.3
9.1.4

S7 1 Tool sinnnrt

hbe

ons 0 6 0 0 36 0 22% 44 49
;s 6 0 0 0 43 0 39% 60 67

S u . A u U/0 U U

Scientists
Work-months

Programmers Engineers Technicians
Work-months Work-months Work-months

0 0 0 o 0 0 0%o
r Control and Analysis 0 0 0 0 34% 0

n ^R ^Rnr^2,

Materials &
Personnel Supplies

1999 $K 1999 $K

0 0 0 0 0
nent 0 0 0 0 0

Test I

Contingency
Total
Cost

1999 $K

Inflated
Cost

2004 $K

24% 0 0
5% 0 0

o 0 0 o 0 0% 0 o

r onftware

Operators and (
9.1.5 Deliver control soft
9.1.6 Maintenar
9.2 Schedulinc
9.2.1 Static Sch
9.2.2 Dynamic s
9.2.3 Dynamic s

9.2.4 Dynamic s
9.3 Proposal
9.3.1 Proposal
9.3.2 Proposal
9.3.3 Observe
9.3.4 Observe
9.4 Image pip
9.4.1 Automates
9.4.2 Prototype
9.4.3 Parallelize
9.4.4 Initial imac
Q .4 5 Prndcr.tinr

b-array control 0 24 0 0 143 140 34% 379 429
servers Interfaces 0 18 0 0 107 5 34% 150 170

n0n ' .A. (ware
-e .0 0 0 0 0 0 18% 0

0 0 0 0 0 0 0%_ 1 9
eunliina SLstem

Ssimulations 12 0 0 0 86 0 34% 115 130
prototype 0 0 0 0 0 0 30% 0 0
implementation 0 0 0 0 0 0 39% 0 0

in software 0 0 0 0 0 0 0% 0 0
Sprototype 3 6 0 0 57 0 30% 74 84
Simplementation 0 0 0 0 0 0 30% 0 0

. . . A- .,-..,.... . 0

eline

9.5 Archiving
9.5.1 Prototype distributE
9.5.2 Evaluate storage h
9.5.3 Production archive
9.6 Post processing
9.6.1 Define data format:
9.6.2 Filler and format cc
9.6.3 ALMA specific calil

ation & imaging heui
pipeline
dies and implement
ine operations

S

9.6.4 MMA Post-processing
9.6.5
9.7 port 0 0 0 0 0 0 0% 0 0__ __ __ __ __ __ __ __ __ .....___ __

y. . I 4U8,UUl, 3 /

9.7.2 Quality assurance 0 12 0 0 72 0 34% 96 1

9.7.3 Chile system administration 0 0 0 _0 0 0 22% 0

10 System Integration 0 0 0 0 0 0 0 0 10% 0

10.4 Test Interferometer Site Preparation 0 0 0 0 0 0 0 25% 0

10.10 Oufitting at U.S. test site 0 0 0 0 0 0 12% 0
10.10.4 Antenna #1 Outfitting 0 0 0 0 0 0 25% 0
10.10.7 Antenna #2 Outfitting 0 0 0 0 0 0 25% 0
10.10.10 General Outfitting 0 0 0 0 0 0 25% 0

10.11 Single Dish Tests 0 0 0 0 0 0 11% 0
10.11.1 Ant #1 holography and surface readjustment 0 0 0 0 0 0 25% 0
10.11.2 Ant #1 Antenna Evaluation 0 0 0 0 0 0 25% 0

d 0 0f 25%# r 0 rl d0r r sril tment 0 0 0 0
0 01
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10.11.7 Ant #2 Antenna Evaluation
10.12 Interferometnc Tests
10.12.1 I
10.12.2
10.12.3 I
10.12.4 I
10.13 1

j with

10.14 On-site System Intec
10.141 Set un assembly anc
10.14.2 Outfit a
10.14.2.1 Wiring
10.14.2.2 Install e
10.14.2.3 Check <

t t

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

0 0 O0 0
0 0 0 0

0 0 0 0

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

30 QO

0 0 0 0 0 0 7% 0 0
0 '0 0 0 0 8% 0 0
A^ ^ ^-^

70/ n 0
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l1 0 0 0 0 0 0 7% 0 0

n s~~ 'nnn 

ln. 
_

0 0 0 0 0 0 7% 0 0
0 0 0 3 12 0 7% 13 14

T I n n n onA,,,

t - %.f-i VuIL) uz IU+

7/_

Total Inflated
Cost Cost

1999 $K 2004 $K

0 0 25% 0 0
0 0 11% 0 0

n n
0 0 0 0 0 0 25% 0 0

al sources 0 0 0 0 0 0 25% 0 0
-Lb J70 157 17o

Sand ship to array site 0 0 0 0 0 0 35% 0
n 0 0 0 0 0 0 50% 0 0

,n.n^9-0

- 0 ^O ^

ough 36 0 0 0 0 0 10 25% 13 14
0 0 0 7 25 77 25% 128 145

s in receiver cabin
leted antenna at Of

10.14.2.4 Install antenna at array s
10.14.3 I
10.14.3.1 I

1 antennas 1 and 2
I electronics and up

10.14.3.2 Check out at OSF
10.14.3.3 Install antenna at arr
10.14.4 Install central buildine
10.14.5 Support debugging a
in 2n Drntntnlo Te tinn Sii

11.1.1
11.1.2 I
11.1.3 1
11.1.4 I

v site

7 72_077840 25% 128 145
2 0 7 7 84 0 25% 105 119

grade as neec

-5 v U 70 _____ -_U

0 0 0 0 0 0 25% 0 0
0 0 0 0 0 0 25% 0 0

9o 0 A n
SV L2.I, V V

n r n n n ,.,,r

Cy ,,.,... v U-L3%/ouu

electronics 0 0 2 1 16 0 25% 21 23
nd repair 0 0 6 12 90 0 25% 113 128
nnnrt

Iof 183 GHz
te 183 GHz V
t of 183 GHz
VR for manul

11.2.1.1 Contract Phase Monitor Radio
11.2.1.2 WVR Spectrometer
11.2.1.3 WVR Feed, Window, Lens, In
11.2.1.4 Monitor and Control WVR Inte
11.2.3 Deliver Proc
11.2.4 Integration
11.2.5 Verification
11.3.1 Dual-Load I
11.3.2 Release Du
11.3.3 Contract Su
11.3.3.1 Dual-Load I
11.3.3.2 Load Fabric
11.3.3.3 Dual Load I
11.3.3.4 M/C Interface f
11.3.4.
11.3.5
11.4
11.5

uction Radio
f WVR into F

aoor Radiometer 0 0 0 0
Vapor Radiomete

rVapor Radiomet
e
)meter Subasseml

Eirl imnatinn

r 0 0 0 0
r n n n n

IA

0 11% 0 0
0 12% 0 0

r - - 1 -IU U 16%,I 0 0
10% o A A

S0 0 0 0 10%o 0 0
0 0 0 0 0 75 10% 83 93

_ _n 0 _ _ _ _ _ _ _ _ _ _ _

+IIIu U II , . U U -I IU/o U U
rface 0 0 0 0 0 0 14% 0 0

rs 0 0 0 6 23 .3 9% 28 32
, _- __ __ .. n - n ,l - ..

Device Design F
it for Mftr
-Load Amp Cal

1 for Dual Load Amp Ca
itude Calibration Device

r and Test of I[

oIULI

libration

Totals 116 153 448 954 8,712 22,994 39,756 44,90
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Materials & Total Infl;

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost (
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 200

1.1 Project Management 60 0 0 24 523 0 15% 601

1.1.1 Management, Planning; and Oversight 0 0 0 0 0 705 15% 811

1.1.2 Business Operations 0 0 0 0 0 100 15% 115

1.1.3 Chilean Operations 0 0 0 0 0 15 15% 17

1.1.4 Safetand Health 0 0 0 0 0 0 15% 0

1.1.5 Personnel 0 0 0 0 0 0 15% 0

1.1.6 Project Science Office 0 0 0 0 0 0 15% 0

1.1.7 AUI Management 0 0 0 0 0 350 15% 402

1.2 Engineering . 0 0 24 12 221 20 15% 277

1.2.1 System Engineering-Phase II 0 0 0 0 0 0 15% 0

1.2.2 Documentation System 0 0 0 0 0 0 15% 0

1.2.3 Production Engineering 0 0 0 15% 0

1.3 US Facilities 0 0 0 0 0 0 15% 0

1.3.1 CDL Permanent Facilities 0 0 0 0 0 600 0% 600

1.3.2 Manufacturing Facilities 0 0 0 0 0 115 10% 127

1.3.3 Common Infrastructure. 0 0 0 0 200 15% 230

2 Site Development 0 0 12 87 50 5% 144

2.2 Maintain Mining claims 0' 25 26

2.3 Contract A&E Studies 0 0 0 0 0 0 20% 0

2.5.3 Contract Array Site Civil Works 0 0 0 0 0 0 0 0 0 20%

2.6.3 Contract OSF Civil Works0 0 0 0 0 0 0 20% 0

2.7.3 Contract Civil Works 0 0 0 o0 0 0 20% 0

2.8.1 Equip Array Site 0 0 0 0 0 0 20% 0

2.8.2 Equip Operations Support Facility 0 0 0 0 0 0 20% 0

3.1 Antenna Engineering Support 0 0 0 0 0 0 14% 0

3.8.10 Sign Transporter Contract 0 0 0 0 0 0 20% 0

3.8.30 Accept Transporter #2,at OSF 0 0 0 0 0 740 20% 888 1

3.8.35 Contract for Transporter #1 Move to site 0 0 0 0 0 20 12% 22

3.15 Procurement of Antenna 2 0 0 0 0 0 0 27% 0
3.20 Sign Contract for Production Antennas 0 0 0 0 0 0 20% 0

3.21 Antenna Contract Supervision 0 0 36 0 261 0 12% 293

3.23 Accept Antenna #3 at OSF 0 0 0 0 0 0 27% 0

3.25, 3.27, 3.; Accept Antennas #4 through #36 0 0 14 98 24786 27% 31,603 36

4.1.1.2 Fabricate PPRC 0 0 0 0 0 0 28% 0

4.1.1.3 Test PPRC 0 0 0 0 0 5% 0

4.1.2.1 PPR Dewar Design 0 0 0 0 0 0 17% 0

4.1.2.2 PPRDewar Fabrication and Vacuum Testing 0 0 0 0 0 0 40% 0

4.1.2.3 PPR Vacuum Windows and IR Filters 0 0 0 0 0 0 20% 0

4.1.2.4 PPR Cryogenics/Dewar Assembly and Testing 0 0 0 0 0 0 13% 0

4.1.3.1 PPR Control-Monitoring and Bias Electronics Design 0 0 0 0 0 0 21% 0

4.1.3.2 PPR Control-Monitor and Bias Electronics Construction ' 0 0 0 0 0 00 44% 0

4.1.4.1 Insert Mechanical-Thermal Design, Bands <275 GHz (Waveguid 0 0 0 0 0 0 48% 0

4.1.4.2 Insert Component Fabrication for Bands <275 GHz 0 0 0 0 0 0 56% 0

4.1.4.3 Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi o 0 0 0 0 0 0 48% 0

4.1.4.4 Insert Component Fabrication for Bands >275 Ghz 0 0 0 0 0 0 56% 0

4.1.4.8 PPR Insert Assembly (3 Bands) 0 0 0 44% 0

4.1.4.9 PPR Insert Testing (3 Bands) 0 0 0 0 0 0 16% 0

4.1.5.1 PPR Vacuum System Assembly 0 0 0 0 0 0 8% 0

4.1.7.1 PPR Post IF System Design 0 0 0 0 0 0 22% 0
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WBS Task Name

4.1.7.2 PPR Post IF System Construction and Testing
4.1.8.1 PPR Frame Design
4.1.8.2 PPR Frame Fabrication
4.1.9.1 Prototype Productic
4.1.9.2 PPR Testing and E
4.1.10.1 Design and build Pi
4.1.10.2 Design an
4.1.10.3 General T
4.2.1 MMA Rec
4.2.2 MMA Rec
4.2.4.1 MMA Rx [

ier In

Ind Production Rec
er Insert Test Set

r (MMA Rx) Design Refi
r (MMA Rx) Documenta

4.2.4.2 MMA Rx Cryogenics Fabrication
4.2.4.3 Vacuum Windows and IR Filters
4.2.4.4 Receiver Insert Fabrication
4.2.4.5 MMA Receiver Frame Fabricatio
412.4.6 Vacuum System Fabrication and
4.2.4.7 Bias and Control-Monitoring El
4.2.4.9 Assemble Receiver Inserts anc
4 24.10 Assemble MMA Rx IF System
4.2.6.1 11
4.5.1 C
4.5.2 F
4.5.3 T
4.3.1.1 C

Test & Commission MMA
:t and test Cryo system for
on and assembly of 2nd Ev
I Commission 2nd Evaluatic
Fab, and Test 211-275 GH;

hlonk4.3.1.3 Fabricate 211-275 GHz mixer
4.3.1.4
4.3.2.1 I

Scientists Programmers Engineers Technicians P
Work-months Work-months Work-months Work-months

0 0 0 0
0 0 0 0
0 0 O. 0

Materials &
ersonnel Supplies Contingency
1999 $K 1999 $K

Total Inflated
Cost Cost

1999 $K 2005 $K

0 0 24% 0 0
0 0 16% 0 0
^..^.

30%1 n n
0 n

0 0 0 0 0 0 36% 0 0
iver Test Set 0 0 0 0 0 0 36% " 0 0

11% n n

0 0 0 0 0 0 13% 0 0
inement 0 0 0 0 0 0 28% 0 0.,_ _ n n

18R/, n n

0 0 1 10 46 70 16% 135 156
0 0 3 30 139 660 20% 959 1,112

FaDrlcation R82 1 69 1R7

0 0 2 80 327 693 22% 1,244 1,442
1 and assembly 0 0 1 20 85 150 16% 273 316

" " ^ "
testinQ. 20 2001 1f0o/

ectronics Construction 0 0 1 4 23 240 16% 305 _ 354
d Test . 0 0 40 80 602 667 20% 1,523 1,766

"n "
27 145i 14%o 1QR 997

0 0 15 30 226 30 16% 297 344
ation Receiver 0 0 0 0 0 0 16% 0 0_ :.. .^ ^ " ^, ^. _

n1 eceiver
1 o/, n n

Tn- _ -- _ _ ____5r0L

I n - J/ U
Uiv r cinn fl(1 (1 /

g ...- v L U VU
n n n nAn _

k test 211-275 GHz j IS Mixer uetector Mooules

b, and 1
4.3.2.3 Fabricate 602-720 GHz r
4.3.2.4 I
4.3.3.1 I
4.3.3.3 I
4.3.3.4 I
4.3.4.1 I

n n
v/ ,,.-u

Mixer Design 0 0 0 0 0 0 52% 0 0
SI 0 0 0 0 0 0 16% 0 0=;. .. _ _ L _n n ^ , ^ _Stest 602-720 GHz SiS Mixer setector Modules 7Ro% A n

275-370 GHz Mixer Design 0 0 0 0 0 0 52%00
z mixer blocks 0 0 0 0 0 0 16% 0 0

_ _ _ _ _ _ _ ^n^A
k test 275-370 GHZ I Mixers Ueector uuules
b, and Test 89-116 (

4.3.4.3 Fabricate 89-116 GHz mixe
4.3.4.4 1
4.3.5.1 1

-z SIS Mixer uetector sMOUle

st 163-211 (

4.3.5.3 Fabricate 163-211 GHz Mixer Blocks
A A &hrir test 1i311 GI fIH SIS Mir r

4.3.6.1 Design, F
4.3.6.3 Fabricate

Mixer Design 0 0 0 0 0 0 52% 0 0
s 0 0 0 0 0 0 16% 0 0~aJ..,A nn^-,

190

n n

n n

rDesign J 0 0 0 0 0 0 52% 0 0
0 0 .0 5 20 3 16% 26 30

Md l A10

ab, and6Test 385-500GHz Mixer Design 5 0 7 0 00 52% 61

385-500 GHz mixer blocks .0 0 0 7 27 9 16% 42 49
-2 094 A27nA 49

4.3.7.1 Design, Fab, and Test 125-163 GHz Mixer Design 0 0 32 38 380 332 52% 1,083 1,2
4.3.7.3 Fabricate 125-163 GHz mixerblocks 0 0 0 2 8 1 16% 10
.... .. . . 0A'r- A ' 1 _%UI _________________-I_ _

4.3.8.1 Build SIS Fabricatior
4.3.8.2 Build SIS Test Dewa
4.3.8.3 Build SIS Test Dewa
4.3.8.4 Build SIS Test Dewa
4.3.8.5 Build SIS Test Dewa
4.3.8.6 Build Wafer Evaluati

11 3I 1 4% 193 224

n Equipment 0 0 0 0 0 0 14% 0 0
r & Rack #1 0 0 0 0 0 0 14% 0 0

3r & Rack #2 0 0 0 0 0 0 14% 0 0
tn. i.' _,_j U n .U

. . ..- v,,v vur 1 4% 0 0
r & Rack #4 0 0 0 0 0 0 14% 0 0
on Test Sets 0 0 0 

0 0 0 18% 0 0
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Millimeter Array Construction: 2005
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Materials & Total Infla

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 200

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 0 0 0 0 15% 0
4.3.8.8 Build 211-275 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.9 Build 602-720 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.10 Build 275-370 GHz Test Plates 0 0 0 0 0 0 140/ 0
4.3.8.11 Build 89-116 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.12 Build 163-211 GHz Test Plates 0 0 0 0 00 14% 0
4.3.8.13 Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.14 Build 125-163 GHz Test Plates 0 0 6 6 67 240 14% 350
4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 0 0 0 0 10% 0
4.3.9.2 Build IF amplifiers 0 0 6 32 168 104 10% 300
4.4.1 Contract for HFET wafer 0 0 0 0 0 0 24% 0
4.4.2 Receive and evaluate InP LNA wafer 0 0 0 0 0 0 16% 0
4.4.3.1 Build 31-45 GHz HFET Detector Modules 0 0 0 0 0 0 10% 0
4.4.4.1 Design 67-90 GHz amplifier 0 0 0 0 0 0 26% 0
4.4.4.2 Build 67-90 GHz HFET Detector Modules 0 0 0 0 0 0 14% 0

5.1 LO Reference: Prototype Systems 0 0 0 0 0 0 20% 0
5.2.1 Production test and lab equipment 0 0 0 0 0 0 10% 0

5.2.2 H-maser Frequency Standard & Rb) 0 0 0 0 0 0 8% 0
5.2.3 8 GHz PL Oscillator & Distributor 0 0 1 2 15 36 12% 57
5.2.4 10 GHz PL Oscillator & Distributor .... _0 0 _ 1 2 15_36_12%_57

5.2.5 12 GHz PL Oscillator & Distributor 0 0 1 2 15 36 12% 57
5.2,6 14 GHz PL Oscillator & Distributor 0 0 1 2 15 36 12% 57
5.2.7 3.2-5.2 GHzSynthesizer 0 0 1 12 54 336 16% 452
5.2.8 3.2 -5.2 GHz PLO and Fringe Generator 0 0 1 6 31 118 14% 169

5.2.9 Sampler Clock 4 (GH

5.2.10 LO Ref Generator
521 LO Ref Distributor - ( Montrol Bldg

Phase Measuremer
0-15 GHz Frequency Synthe

irst LO Frince Generator
5.2.15 16GHzPL
5.2.16 26 GHz PL
5.2.17 LO Ref Dist
52.18 VXCO Cleai
5.2.19 Power supply
5.2.20 Bins / Racks (
5.3.1 LO
5.3.2.1 72-9
5.3.2.2 72-9
5.3.3:1 102-

Oscillator & Distributor
' '-"'ll 9 r D +rih i r

ni i I

ited

ost

$K

0
0
0
0
0
0
0

406
0

347
0
0
0
0
0

0

0
0
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196

a viau uwI v ' I i110 6

0 0 0 0 0 0 14% 0 0

t 0 0 3 3 33 108 49% 211 245

I0 0 0 23 118 16% 164 190I000- 6 23 118 16% 164 190

0 3n AAl L"/o 49 5
Luator u r~ I uuLur ,. u 36 12% 49 5
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: GH LO Source F

5.3.3.2 102-120 GHz LO Sourc
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... 24%., '"o 1 )04 19UEst 0 0 1 2 15 2 24% 21 24
Fabrication 0 0 1 10 46 86 24% 164 190
t n n i 0 : ....

em Integratio
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Millimeter Array Construction: 2005
US Reference Project

WBS Task Name

5.4.3.3 602-720 GH:
5.4.4.1 275-370 GH:
5.4.4.2 275-370 GH:
5.4.4.3 275-370 GH
5.4.5.1 163-211 GH
5.4.5.2 163-211 GH

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

K multiplier 0 0 0 0 0
r Parts 0 0 0 0 0

z Receiver L r Assemb

r Parts

5.4.6.1 385-500 GHz Receiver LO multiplier Parts
4 A 3 -;_500JA (W7 RGriver

5.4.6.3 385-500 GH
5.4.7.1 125-163 GH
5.4.7.2 125-163 GH
5.4.7.3 125-163 GH
5.4.8.1
5.4.9 LO Multiplier I
5.4.10 I

6.1
6.2 I

z LO integrate source &
z Receiver LO multiolie

ab 31-45 GHz receiver L(

LO Multiplier Test Equ

IF Field Prototype for 1
IF Construction test &

6.3 IF Multiplexer (2
6.4 IF Demultiplexer
6.5 IF Matrix Switch
6.6 IF Baseband Cc
6.7 IF Power Suppl
6,8 Bins / Racks (as

7.1 Prototype Optice
7.2 Digital IF Transr
7.3.1 16 GHZ FO LO
7.3.2
7.4
7.5
7.6

n Equipmen
)ment

r Parts

Total Inflated
Cost Cost

1999 $K 2005 $K

34% 0 0

34% 0 0
y uTest U U U 0 

3 4
%/ 15 17

r 1 0 0 0 0 0 0 34% 0 0
0 0 0 0 0 0 34% 0 0

ly & Test 0 0 1 5 27 0 34% 36 42
r 0 0 0 0 0 0 34% 0 0

STest 0 0 1 5 27 0 34% 36 42
0 0 4 12 76 18 34% 126 146
^ nn~.,,,

Sraw v, ... v_470 U U

r Assembly & Test 0 0 1 7 35 0 34% 46 54
Smultiplier 0 0 2 6 38 10 34% 64 74
n__^ .....,,.__ n nn n .,, - ,,

0 0 0 0 0 0 11% 0 0
0 0 0 0 0 0 11% 0 0

leter of 2 antennas. 0 0 0 0 0
0 0 0 0 0
0 0 6 12 qn

0 10% 0 0
0 5% 0 0---- 9

1- A -VO I I U ~I.. J 11%9 VUL 0 /77l0 ~ R

0 0 1 6 31 111 6% 150 174
na)_ 0 0 6 12 90 430 20%4 625 724

S19 L
and test) 0 0 0 2 8 33 5% 43 50

ber Systems

16 GHz FO LO Ref Dist with
Production Test Equipment
Monitor and Control Transmit
Fiber Ootics Power Supply M

7.7 Bins / Racks (

8.1.1 Refine digitize

8.1.4
8.1.5

er design

hl, and estoo

R 1.3 Diaitizer contract materia
ioitizers
tion and delive

82 1 Prototvoe FIR filter testing on
8.2.2 Design &
8.2.4 FIR filter t
8.2.5 FIR filter t
R2 FIR filter t
.3. I Correlator bo

B 4 C rr lator C.hi

test FIR filter I
chip & board ft
board assemb

32% 0 0
40% . 1,329 1,542

ated R/T Phase Meas. 0 0 24 36 315 139 28% 580 673
n n n n A...

s and Receivers 0 0 5 12 83 44 14% 145 168
Jles 0 0 2 4 30 15 14% 52 60

, n n o

1-C -Q - -t - '.., 1" f vV L1 Y IV0
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0 0 0 0 0 0 26% 0 0
I delivery 0 0 0 0 0 0 32% 0 0

n nn n.,,

a'lU uo tV A 1v LOo J U __ U)arcs Y u u 2b

8.6 Correlator software 0 0 0 0 0 0 20% 0

8.5 Correlator Racks 0 0 0 0 0 0 20% 0
8.7 Prototype Correlator Production 0 0 0 0 0 28% 0

8.8.1 First 1/4 Correlator 0 0 0 00 0 28% 0

8.8.2 Second 1/4 Correlator 0 0 18 18 201 31 24% 287 3
.. . . .. . . n n40 ...

.6.3 IIIIIU II4 a UllIiOrrell Ul - '. I U L4'o Z)4
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[WBS Task Name

8.8.4 Fourth
8.9 Correl

9 Comp
9.1 Contrn
9.1.1 Test Ii
9.1.2
9.1.3 A
9.1.4 (
9.1.5 C
9.1.6 .
9.2
9.2.1 5
9.2.2. [
9.2.3
9.2.4 C
9.3 F

r sottware

duling System

Scientists Programmers Engineers
Work-months Work-months Work-months

IL

Technicians
Work-months

0 0 0 0

0 0 0 0

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

S v u U 22%
1-

0

0
0 0 0 0o
0 0 0 0 o

0 0 o n

1 Ro-

Total
Cost

1999 $K

Inflated
Cost

2005 $K

0 389 24% 482 559
0 0 5% 0 0

o 0% 0 0
0 0% 0 09^9,,U, IU VI A1 U A u 10 .V V V U V V

/2 96i 111

ray control 0 6 0 0o 36 90 34%169 195
ers Interfaces 0 0 0 0 0 5 34% 7 8

3 simulations

n n

0 0 0 0 0 0 0% _ 0__, 0.

0 9 0 0 54 0 34% 72 83

; prototype 3 6 0 0 57 0 30% 74 86
implementation 0 0 0 0 39% 0 0

. . ^ n ^
onosal oreDaration software

9.3.1 Proposale
9.3.2 ProDosala

9.3.4 Oi
9.4 ImT
9.4.1 AL
9.4.2 Pi
9.4.3 PE
9.4.4 In
9.4.5 PI
9.5 An
9.5.1 Pn
9.5.2 Ev
9.5.3 Pr
9.6 Po
9.6.1 De
9.6.2 Fills
9.6.3 ALl
9.6.4 MIv
9.6.5 Ma
9.7 Sof
O 7 Tnr

u n% n I

0 0 0tation 0 0 0 30% 0 0
tation 3 6 0 0 57 0 30% 7486

)serve ' I A A I V L o U U
,ser vet JIga l

Wage pipeline
utomated calibration & ime
rototype image pipeline
arallelization studies and ii
itial image pipeline operati
rrUri 11m130 i~lnP

chiving

ototype distrib
aluate storage
oduction archi
)st processing
3fine data form

57 96iO%

heuristics 0 0 0_ 0 ,10 0 39% 0 0

ementatih
57 o0%

0 12 0 0 .72 0 34% 96 111
0 0 0 0 0 0 26% 0 .0I
a 12) ^nAAA^ 

__

30% U o 149 1/2
0 0 0 0 0 0 0% 0 0

uted archive 0 0 0 0 0 0 30% 0 0
hardware 0 0 0 0 0 0 11% 0 0
ve 6 12 0 0 114 0 30% 149 172

0 0 0 0 0 0 0% 0 0
fats 0 0 0 0 0 0 18% 0 0
conversions 0 6 0 0 36 0 22% 44 51

alibrations 0 0 0 0 0 0 39% 0 0
tssing begins 0 0 0 0 0 0 0% 0 0

.. ^ 0 r ,,_

9.7.2 = Quality assurance
9.7.3 Chile system administratic

10

10.4
10.10
10.10.4

r Site Preparation
_st sitAe

Antenna #1 Outfitting
A ntennaO'.. -H' i• tfiltinn.

70 0 0 0 0 0 25%0 0I0 0 0 na n .... ._

.enOl ra ULIIumi

Dish Tests
u u 25% 0 0
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.readjustment 0 0 0 0 0 0 25% 0 0

0 0 0 - 00
0 A 25 % Page0 0

Page 35 of 48

0 'o n n n tt 1

0 10%
0 25%

0 0

0 0
0 0

r Cnntrl anrd Anavi 1 0 0 0 01

-I A A A Al U

10.11 Single C
10.11.1 Ant #1i
10.11:.2 Ant#1/
10.11.6 Ant #2 t

1999-07-05 02:57 PM

Iu V L(noA U U
O 0

A L

1 A 41 A At UUI au )'tL -

ace readjustment L u u u U1 0 0 25%
File: UsOnlyCostEstimatel999Jul05_rev04summary.wb3

.
1

-r--...

-r

Q

U U -/oV/O
n C n n'rr

56

31111Q #L VUUILLIII - v UI ~
,oral (1ti4Fi4Finn n n n n r

1cclI an o/I n nr\

34%o/

AIerVUI UUI I",livr ron*r *nfhwJr, "ono l r\ r\
I

86 3o4% 115 133

I

a " 4" hc rv n nnrnm rTtnn
1y33: V

II -)r-oi n nr

I

7 OA

74 o

I/ 11 , noi A A ~ A 711

U men,
S .III

It
IfUL1

i

i
i

nl-ci nnnrt 3R - A o

IL
7

SAO/ 1
nr+ AAA

")o/ -l n ,-

i
IIt NCO/ 

1



Millimeter Array Construction: 2005
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WBS Task Name

10.11.7 Ant #2 Antenna Evaluation
10.12 Interferometric Tests
10.12.1
10.12.2
10.12.3
10.12.4
10.13
10.14
10.14.1
10.14.2
10.14.2.1
10.14.2.2
10.14.2.3
10.14.2.4

n stability tests

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

o I0 0 0
0 0 0 0A A A w

Total Inflated
Cost Cost

1999$K 2005$K

0 25% 0 0
0 11% 0 0

-... v v .J/o U

0 0' 0 0 0 0 25% " 0 0
mical sources 0 0 0 0 .0 0 25% 0 0

s and Retrofits
le test system and shi !
em Integration

10.14.3 Returbisn a
10.14.3.1 Re-install e
10.14.3.2 Check out;
10.14.3.3 Install antel
10.14.4 Install cents
10.14.5 Support de1
10.20 Prototype 1

11.1.1 Completion
11.1.2 . Demonstra

.t .. it - 0v J

to array site 0 0 0 4 16 806 35% 1,109 1,286
0 0 0 0 0 0 50% 0 0

I tact facilities t SF 0
IU sL IIILI a r Jr - v V "J/

rough 36 0 .0 0 0 0 10 25% 13 14
_ _0 , 0 0 7 25 77 25% 128 148

receiver cabin 0 0 7 25 77 25% 128 148
d antenna at OSF 3 0 7 7 : 91 0 25% 114 132
rray site. 0 0 0 7 28 0 25% 36 41
1 and 2 0 0 0 0 0 25% 0 0

^5 ^ F
s and uoorade as needae

1 0 2 2 26 0 25% 32 38
e 0 0 0 2 8 0 25% 10 11
tronics 0 0 1 0 7 0 2 5

%/ 9 11
pair 0 0 0 0 0 0 25% 0 0
S0 0 0 0 0 0 10% 0 0

f183 GHz Water Vapor Radior
. 183 GHz Water Vapor I

11.1.3 Refinement ot 183 GHzi ware
11.1.4 Release WVR for manufactur
11.2.1.1 Contract Phase Monitor Radic
11.2.1.2 WVR Spectrometer
11.2.1.3 WVR Feed, Window, Lens, Ir
11.2.1.4 Monitor and Control WVR IntE
11.2.3- Deliver Production Radiomete
11.2.4 Integration of WVR into Rece
11.2.5 Verification on Site of WVR
11.3.1 Dual-Load Amp. Ca!ibration E
11.3.2 Release Dual-Load Amp Cal
11.3.3 Contract Subassembly Dual-L
11.3.3.1 Dual-Load AmpCal Subassy I
11.3.3.2 Load Fabrication for Dual Loa
11.3.3.3 Dual Load Amplitude Calibrat
11.3.3.4 M/C Interface for Dual Load A
11.3.4 Assembly and Test of Dual L(
11.3.5 Integration of AmpCal on Proc
11.4 Imaging Studies and Proiect
11.5 Imaging Algorithm DevelopmE

n__ _ _ _nA A
mere

r Vapor I

0 0 11 0 0
0 0 12% 0 0

i A A V JO/7 % V VI fl0/ n ArI

neter Subassembly 0 0 0 0 0 0 10%
A .A nt ,.,10_..........__

75.. UJI_ _ 1U0 3 0

tion 0 0 0 0 0 0 10% 0 0
0 0 0 0 0 0 14% 0 0
S/n ' /

.,U v U7/, 9I rl I
r PacKaae

)evic
S0 0 0 3 12 0 9% 13 15

:e Design Refinement 0 0 0 0 0 0 7% 0 0

for Mftr .... v U U 0/o U U

Cal 0 0 0 0 0 0 7% 0 0
0 0 0 0 0 0 7% 0 0

,I n n nn ^ .

vt - v v V I / U V

1 Device Motors. ervo

d, ,-tinn Afntenna

0 0 0 0 0 0 7% 0 0
,alibration 0 0 0 0 0 0 7% 0 0

JIM IL1++100U l"/ 13 15

,0 0 0 0 0 0 5%1 0 0
0 0 0 0o 0 0 7% 0 0

Totals 1 .99 111 391 825 7,425 37,587 56,642 65,5
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WBS Task Name Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999$K 1999$K

alh

ering Support 0 0 0
r Contract 0 0 0
rter #2 at OSF 0 0 0

[11i ly €;lt v Ia Lu I; l:ll vv uDt .IJ/% .O II. U -I I-/-4v 811 09

is " 0 0 0 0 0 100 15% 115 137

0 0 0 0 0 15 15% 17 21

AILlt I v v ,v v V V 1070 U '

0 00 0 0 0 0 15% 0 0

e Office 0 0 0 0 0 0. 15% _ _0 _ 0

e - - - .. v. ! /o- , -!O0 0 24 12 221 20 15% 277 329

eering-Phase II 0 0 0 0 0 0 15% 0 0
n System 0 0 0 0 0 0 15% 0 0
gineering 0 0 0 0 0 0 15% 0 0

0 0 0 0 0 .0 15% 0 0
ent Facilities 0 0 0 0 0 0 0/ 0 0

Facilities 0 0 0 0 0 115 10% 127 150
astructure 0 0 0 0 0 200 15% 230 273

ant 7
4 claims

12 0 87 50
0 0 0 25
0 0 0 0

50% 144 171
5% 26 31

Vorks 0 0 0 0 0 0 20% 0
n n n n .A . ....

_._._ _Un_ __ _IvllVV_-_-_- Jv.- -Uo U
n n0/

Total Inflated
Cost Cost

1999 $K 2006 $K

pement 60 0 0 24 523 0 15% 601 714

1.1.2 Business
1.1.3 Chilean (
1.1.4
1.1.5
1.1.6
1.1.7

Safety and Hea
Personnel
Project Science
Al II Unnnmp

. g I I.V N .

1.2 Engineerdng
1.2.1 System Engir
1.2.2 Documentatic
1.2.3 Production Er
1.3 US Facilities
1.3.1 CDL Perman
1.3.2 Manufacturin
1.3.3 Common lnfr

2

2.2
2.3
2.5.3
o ,' .I

Contract A&E Studies
Contract Array Site Civil WA
C'nntr, r~t CF ' il- Wnrkse

2.7.3 Contract Civil Works
2.8.1 Equip Array Site
2.8.2 'Equip Operations Support

3.1 . Ant

3.8.10 Si

3.8.30 Ac
3.8.35 C(
3.15 Pri
3.20 Si
3.21 A
3.23 A
3.25, 3.27 3., A,

on I

Transporter #1 Move to site
of Antenna 2

4 P .drt.. ,ion Antennas

Test PPRC
4.1.2.1 PPR Dewar Design
4.1.2.2 PPR Dewar Fabrica
4.1.2.3 PPR Vacuum Windc
4.1.2.4 PPR Cryogenics/De
4.1.3.1 PPR Control-Monito
4.1.3.2 PPR Control-Monito
4.1.4.1 Insert Mechanical-TI
4.1.4.2 Insert Comp,
4.1.4.3 Insert Mechl
4.1.4.4 Insert Comp,
4.1.4.8 PPR Insert?
4.1.4.9 PPR Insert 1

0 705

0 0 ._ 14% 0 0
0 0 20% 0 0
^((

0 0 0 0 0 0 12% 0 0
0 0 0 0 0 0 27% 0 0

ucI 0 IL C11! I v,'. v U UU20%O0 0

pervision f0 0 27 0 196 0 12% 219 261

t OSF 0 0 0 " 0 0 0 27% 0 0
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0 0 2
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WBS Task Name

4.1.7.2 PPR Post IF System Construction a
4.1.8.1 PPR Frame Design
A 40 PPRDDD Fr m a F:-ritin

4.1.9.1 Prototype Product
4.1.9.2 PPR Testing and
4.1.10.1 Design ar
4.1.10.2 Design ar
4.1.10.3 General T
4.2.1 MMA Rec
4.2.2 MMA Rec
4.2.4.1 MMA Rx I

Hz Mixer De

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

sting 0 0 0 0j 0
0 0 0 0 0
0 n 0 n n

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Z7 131 14%

15%
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Total Inflated
Cost Cost

1999 $K 2006 $K

0 24% 0 0
0 16% 0 0

AnoL o/ n n

Receiver Integration ' 0 0-0 0I 14% 0
aluation 1 9 2 0 _0_0_0_00 36% _ 0 _

,rl h, nil Prntntvn and PrAnl .tinn Receiver Test Set

I Fabricate Receiver Insert Test Set
UUIIU PIUWLYIJU IIIU 1 IvuuvIIVII 1 V'VI'VI i v. v . v v v v V V I I

11%

n n

0 0
0 0 0 0 0 0 13% 0 0

sign Refinement 0 0 0 0 0 0 28%1 0 0
:eiver (MMA Rx) Documentauon

4.2.4.2 MMA Rx Cryogenics Fat
4.2.4.3 Vacuum Windows and IF
4.2.4.4 Receiver Insert Fabricati
4.2 4.5 MMA Receiver Frame Fa
4.2.4.6
4247

1 System F
d Control-M

4.2.4.9 Assemble Receiver I
4.2.4.10 Assemble MMA Rx II
4.2.6.1 Integrate Test & Con
4.5.1 Construct and test Ci
4.5.2, Fabrication and ass
4.5.3 Test and Commissii
4.3.1.1 Design, Fab, and Ti
4.3.1.3 Fabricate 211-275 (
4.31 4 Fabricate & test 21
4.3.2.1 Design, Fab, and T
4.3.2.3 Fabricate 602-720
4.3.2.4 Fabricate & test 60
4.3.3.1 DI
4.3.3.3 F2

and 1
5-370

Dewar FDewar F
18% 0 0

0 0 1 9 42 63 16% 122 145
n 0 0 3 27 127 594 20% 865 1,029

S. ,.
Fiiters -abrication

I Test

F System
mission MA

ryo system f
semblv of 2nd

r hlncks

est 60
3Hz m

2/ 1 ,. 0U .. I,
.,,, 90/

8u
16/ 98 117

1 911 1 439

issembly 0 0 1 18 77 135 16% 246 293
0 0 0 5 20 180 16% 231 275

Construction 0 0 1 4 23 216 16% 277 329
40 801 n2 7n oL

179 213

0 0 13 27 200 27 16% 263 313
ation Receiver 0 0 0 0 0 0 16% 0 0
eceiver. 0 0 0 0 0 16% 0 0
r 0 0 0 0 0 0 5% 0 0

sian
A -n n. .

1 FR0L
A...... - - v

C%[1 ~ v"I inf In~ n n n n n n n

A n

2-720 GHz Mixer Design0 0 0 0 0 0 0 0 0 0
ixer blocks 0 0 0 0 0 0 16% 0 0

r% J.0 , k ^r, = i:... _ a ,-i.i, ,., tn 'n n n n1.....

est 275-370 GHz Mixer Design 0 0 0 0 0 0 52%
GHz mixer blocks 0 0 0 0 0 16% 0 0

A - - ,_U-. .. . , ' AAA9n n n n ..

4.3.4.1 Design, Fab and Test89-116 GHz Mixer Design 0 0 0 0 0 52% 0
4.3.4.3 Fabricate 89-116 GHz mixer blocks 0 0 0 0 0 0 16% 0
4.3.4.4 Fabricate 89-116 GHz SIS Mixer Detector Modules 0 0 0 0 52% 0
4.3.5.1 Design, Fab, and Test 163-211 GHz Mixer Design 00 0 052% 0
4.3.5.3 Fabricate 163-211 GHz Mixer Blocks 0 0 0 0 0 0 16% 0
4.3.5.4 Fabricate & test 163-211 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0
4.3.6.1 Design, Fab, and Test 385-500 GHz Mixer Design 0 0 0 52% 0
4.3.6.3 Fabricate 385-500 GHz mixer blocks 0 0 0 3 12 6 16% 20
4.3.6.4 Fabricate & Test 385-500 GHz SIS Mixer Detector Modules 0 0 6 14 98 204 52% 460
4.3.7.1 Design, Fab, and Test 125-163 GHz Mixer Design 0 0 0 0 0 0 52% 0
4.3.7.3 Fabricate 125-163 GHz mixer blocks 0 0 0 7 27 5 16% 37
4.3.7.4 Fabricate & Test 125-163 GHz SIS Mixer Detector Modules 0 0 12 29 200 344 34% 729 8
4.3.8.1 Build SIS Fabrication Equipment 0 0 0 0 0 0 14% 0
4.3.8.2 Build SIS Test Dewar & Rack #1 0 0 0 0 0 0 14% 0
4.3.8.3 Build SIS Test Dewar & Rack #2 0 0 0 0 0 0 14% 0
4.3.8.4 Build SIS Test Dewar & Rack #3 0 0 0 0 0 0 14% 0

. . . . . .. , ... ,,,A.. . .- 4 _-,',, ' n n n
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Materials & Total Infl
WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost

Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 200

4.38.7.3 Near-Field Antenna Test Equipment 0 0 0 0 0 0 15% 0
4.3.8.8 Build 211-275 GHz Test Plates 0 0 0 0 14% 0
4.3.8.9 Build 602-720 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.10 Build 275-370 GHz Test Plates 0 0 0 0 0 0 14% 0

4.308.11 Build 89-1160GHz Test Plates 0 0 0 0 0 14% 0
4.3.8.12 Build 163-211 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.13 Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.14 Build 125-163 GHz Test Plates 0 0 0 0 14% 0
4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 0 0 0 0 0 10% 0
4.3.9.2 Build IF amplifiers 0 0 6 32 168 104 10% 300
4.4.1 Contract for HFET wafer 0 0 0 0 0 0 24% 0
4.4.2 Receive and evaluate InP LNA wafer 0 0 0 0 0 0 16% 0
4.4.3.1 Build 31-45GHz HET DetectorModules0 0 0 0 010% 0
4.4.4.1 Design 67-90 GHz amplifier 0 0 0 0 0 26% 0

4.4.4.2 Build 67-90 GHz HFET Detector Modules 0 0 0 0 0 0 14% 0

5.1 LO Reference: Prototype Systems 0 0 0 0 20% 0
5.2.1 Production test and lab equipment 0 0 0 0 0 0 10% 0
5.2.2 H-maser FrequencyStandard (& Rb) 0 0 0 0 0 0 8% 0

5.2.3 8 GHz PL Oscillator & Distributor 0 0 1 2 15 36 12% 57
5.2.4 10 GHz PL Oscillator& Distributor 0 . 0 1 2 15 36 12% 57
5.2.5 12 GHz PL Oscillator& Distributor 0, 0 1 2 15 36 12% 57
5.2.6 14 GHz PL Oscillator & Distributor 0 0 1 2 15 36 12% 57

5.2.7 3.2-5.2GHz Synthesizer 0 0 1 1254 336 16% 452

5.2.8 3.2 -5.2 GHz PLO and Fringe Generator 0 0 1 6 31 118 14% 169
5.2.9 Sampler Clock 4 GHz PL Osc & Distributor 0 0 1 3 19 36 12% 61
5.2.10 LO Ref Generator 0 0 0 0 0 0 12% 0

5.2.11 LO Ref Distributor -Control Bldg 0 0 0 0 0 0 14% 0

5.2.12 Microwave Round-trip Phase Measurement 0 0 1 3 19 80 49% 147
5.2.13 10-15 GHz Frequency Synthesizer 0 0 1 6 31 71 49% 151
5.2.14 First LO Fringe Generator 0 0 0 6 23 118 16% 164

5.2.15 16 GHz PL Oscillator & Distributor 0 0 0 2 8 36 12% 49

5.2.16 26 GHz PL Oscillator & Distributor 0 0 0 2 8 36 12% 49

5.2.17 LO Ref Distributor - Antenna 0 0 0 2 8 48 18% 65
n n .n o

5.2.18 VXCO; lean-
y moauie

5.3.2.1 72-95 GHz LO Source Prc
5.3.2.2 72-95 GHz LO Source Asp
5.3.3.1 102-120 GHz LO Source F
5.3.3.2 102-120 GHz LO Source
5.3.4.1 87-108 GHz LO Source Pi
5.3.4.2 87-108 GHz LO Source A:

ated

Cost

6 $K

0

0

0

0

0

o
0
0
0

356
0
0
0
0
0

0

0

68
68
68
68

538
201

0
0

175
180
194
58
58
78

- U A A I .-. '- tO .U I
.. .... n n n 1 A nn _.

a anda est)
1 L4 L

1 Integration 0 0 6 9 79 0 36% 107 127
(ment & Fabrication 0 0 0 0 0 0 24% 0 0L,_.ay "r I nn,.

semoly & I
Procuremer
Assembly &
rocurement
ssemblv &

5.3.5.1 65-86 GHz LO Source Procurement & Fab
5-86 GHz LO Source Assembly& Test

5.4.1 LO Multiplier Chain Design & System Inte
5.4.2.1 211-275 GHz Receiver LO multi
5.4.2.2 211-275 GHz F
5.4.2.3 275-370 GHz L
5.4.3.1 602-720 GHz F

Receiver LO Multi
LO integrate sour
P.r.iver LO multi

iolier Parts

....... u -L4 VoB U U
nt & Fabrication 0 0 0 0 0 0 24% 0 0
.Test 0 0 0 0 0 0 24% 0 0

& Fabrication 0 0 0 0 0 0 24%0 0
Tst n n f n-..

1,,[4% U - .t T - ' . U

.. -7U U0 0 0 0 0 0 24% 0 0

ration 0 0 9 9 100 25 171 20
N0 0 (1 n .,n....

iplier Assembly & Test 0 0 0 0 0 0 34% 0 0
ce & multiplier 0 0 0 0 0 34% 0

0r Parts 0 n0n0n______,"__ _____r___ _____ ____ _____ ____ __ __ _ __ __ _ _.....___ _ __

A A' A F 9 0-720 GHzR7 Pceiver IO multinlier Assemblv I est
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I IS Drnfcran Drnit4

WBS Task Name

5.4.3.3 602-720 GHz L
5.4.4.1 275-370 GHz F
5.4.4.2 275-370 GHz F
5.4.4.3 275-370 GHz L
5.4.5.1 163-211 GHz F
5.4.5.2 163-211 GHz F
5.4.5.3 163-211 GHz L
5.4.6.1 385-500 GHz F
5.4.6.2 385-500 GHz F
5.4.6.3 385-500 GHz L
5.4.7.1 125-163 GHz F
5.4.7.2 125-163 GHz F
5.4.7.3 125-163 GHz L
5.4.8.1
5.4.9

Receiver LO multiplier Parts
Receiver LO multiplier Assen
LO integrate source & multipl
RAc iver LO multiolier Parts
Receiver LO r
LO integrate s
eceiver LO multiplier Parts

Receiver I
LO integra

Receiver
.O integr

Sfab 31-45 GH
plier Fabricatio

5.4.10 LO Multiplier 1

6.1 IF1
5.2 IF
6.3 IF
6.4 IF
6.5 IF
6.6 IF
6.7 IF]
5.8 Bir

Field Prototypet for T
Construction test & I
Multiplexer (2/antenr

Baseband Con,

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Total
Cost

1999 $K

Inflated
Cost

2006 $K

k multiplier 0 0 0 0 0 0 34% 0 0
34%

34%

0 I

0 0
nbly & Test 0 0 0 1 4 0 34% 5 6
lier 0 0 0 0 0 0 34

% 0 0
34% 0 0

;r Assembly & Test 0 0 0 1 4 0 34% 5 6
& multiplier 0 0 0 0 0 0 34% 0 0

?anaivaI 10 mi . tiliir Parts
LV IIIUILIlI, I r I , o. .... v , 04 U

LO multiplier Assembly & Test 0 0 1 2 11 0 34% 15 18
rate source & ultiplier 0 0 3 8 53 9 34% 83 99
lz receiver LO coupling 0 0 0 0 0 0 12% 0 0
n Equipment 0 0 0 0 0 0 11% 0 0
pment 0 0 0 0 0 0 11% 0 0

est Interferometer of 2 antennas. 0 0 0 0 0 0 10% 0 0
ab equipment 0 0 0 0 0 0 5% 0 0
na) 0 0 6 12 90 506 20% 715 850
enna) 0 0 4 12 76 179 10% 280 333
tenna) 0 0 1 6 31 111 6% 150 179
r (8/antenna) 0 0 6 12 90 430 20% 625 742

Racks (assemble and test) 0 0 0 21 8 / I JRacks (assemble and test) 0 0 0 21 8 33 5% ~ 43 51

7.1 Prototype Optic
7.2 Digital IF Trans
7.3.1 16 GHZ FO LC

, .,-L __- ,,, . -__ - - n n - nl .\r

18 24 224 714
- n n n .nt

I Receivers
rntatvne

16 GHz FO LO Ref Dist with
Production Test Equipment
Monitor and Control Transmit
Fiber Optics Power Supply M

7.7 Bins / Racks (assemblt

8.1.1 Refine digitizer design
8.1.3 Digitizer, contract mater
8.1.4 Assembly of digitizers
8.1.5 Digitizer validation and
8.2.1 Prototype FIR filter tesi

2% 0 0
0% 1,313 1,561

tegrated R/TPhase Meas. 0 0 0 24 94 110 28% 261 310
__ n n__ ......

.. v V0,%o o o
and Receivers 0 0 5 12 83 44 14% 145 172

les 0 0 2 4 30 15 14% 52 62
0 0 4 8 60 20 14% 91 108

ials

8.2.2 Design & test FIR filter ret
8.2.4 FIR filter chip & board fabi
82.5 FIR filter board assembly
8.2.6 FI
8.3.1 C(
8.4 Cc

board validatil
r boards

orrelator Chip
8.6 Correlator softwar
8.5 Correlator Racks
8.7 Prototype Correla

eRR PrC 1/4 lrralntn

0 0 0
0 0 0
0 0 0

0 _ 0_ _0 30%00 00 00 3% 0I

0 0 0 0l 0 0 26%1 0

erferometer 0 0 0 0_ 0 0 38% 0 0
It I0 0 0 0 0 0 32% 0

0 0 0 L 0 0 32% 0 L

and delivery 0 0 0 0 0 32% 0 0
0 0 _ 0 0 0 0 26% 0 0

re 0 0 0 0 0 0 20% 0 0
0 0 0 0 0 0 20% 0 0

tor Production . 0 0 0 0 0 0 28% 0 0
0 

U

0
15

O.O. I F _ _II o I i lv 2 /O

8.8.2 Second 1/4 Correlator 0 0 0 0 0 0 24% 0

8.8.3 Third 1/4 Correlator 0 0 0 0 0 10 24% 12

7.3.2
7.4
7.5
7.6

UORCCIII; rUJU 1 _r r-

STest 0 0 0 0 0 0 34% 0 0

" 0 0 0 0 0 0 34% 0 0O

- r 
-1

s '
)F

st~em uv, v v u U U

3A O 0 n

ir Csnnly mnrii iIa
IV

1d I 0/ 1Q 7.1

cal. IDer Svf
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WBS Task Name

8.8.4 Fourth 1/4 Correlator
8.9 Correlator test equipme

9 .Comruting
9.1 control Software
9.1.1 Test Interferomete
9.1.2 MMA Correlator S
9.1.3 Multi-antenna & si

9.1.4 Operators and O1
9.1.5 Deliver control sol
9.1.6
9.2
9.2.1
9.2.2
9.2.3

Maintenanc

Scientists Programmers Engineers Technicians

Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

dil -• " au0 to,72 86OU
In n n 2

Total Inflated
Cost Cost

1999 $K 2006 $K

0 0 36 36 402 0 24% 498 592
0 0 0 0 0 0 5% 0 0

0 0_0 0
0 0 0 0
O o 0 0

0 0 0% 0 0

0 0 0% 0 0

u. =II n t lict . vv V. 47 U

e 0 12 0 0 72 0 34% 96 114
y control 0 6 0 0 36 110 34% 195 232
s Interfaces 0 0 0 0 0 0 34% 0 0

0 0 . 0 0 0 0 30% 0 0

-t -i" -L- v__V__1010_

v vA A Vt U UV/0 ____U

9.2.4 Dynamic s
9.3 Proposal
9.3.1 Proposal a
9.3.2 Proposal a
9.3.3 Observe

1 software

9.3.4 Observe prog
9.4 Image pipelin
9.4.1 Automated ca
9.4.2 Prototype ims
9.4.3 Parallelizatior
9.4.4 Initial image
9.4.5 Production irr
9.5 Archiving
9.5.1 Prototype disi
9.5.2
9.5.3

3Jt 0 t0ns 0 0 0 0 0 0 34% 0 0
0 0 0 0 0 0 30% 0 0

itation 12 24 0 0 229 0 39% 318 378
0 0 0 0 0 0 0% 0 0
0 0 0 0 0 0 30% 0 0

ntation 3 12 0 0 93 0 30% 121 144
0 0 0 0 0 0 26% 0 0

imaging heuristics

-- v34%c0 0

0 0 0 0 0 0 26% 0 0....... ^0

9.nAIA IIAt

... v u U 70 UU

re 0 0 0 0 0 0 30% 0 0
3 3 .0 0 39 0 11% 44 52

1) An n 93-- ... 5...
U A IUI 3IIV O 1

9.6 Pnet p, -u u , , -- uG/o u9.6.1 Define data formats 0 0 0 0 0 0 18% 0

9.6.2 Filler and format conversions 0 0 0 0 0 0 22% 0

9.6.3 ALMA specific calibrations 0 0 0 0 0 0 39% 0

9.6.4 MMA Post-processing begins 0 0 0 0 0 0 0%
9.6.5 Maintenance 0 0 0 0 0 0 22% 0

9.7 Software support 0 0 0 0 0 0 0% 0
9.7.1 Tool support 0 0 0 0 .0 ... 0 34% 0

9.7.2 Quality assurance
9.7.3 Chile system administrati'

10
10.4 1
10.10 (

>gration
rometer Site Preparation
Ii . test sitA

10.10.4 Antenna #1 Outfittin
10.10.7 Antenna #2 Outfittin
10.10.10 General Outfitting
10.11 Single Dish Tests
10.11.1 Ant #1 holography a
10.11.2 Ant #1 Antenna Eva
10.11.6 Ant #2 holographya
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WBS Task Name

10.11.7
10.12.
10.12.1

a Evaluatio
:Tests
"hilhl tense

10.12.2 Sensitivity ventilc
10.12.3 Holography with a
10.12.4 Modifications and
10.13 Dissassemble tes
10.14 On-site System Ir
10.14.1
10.14.2
10.14.2.1

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

0 0 0 0 0

0 0 0 0 0
0 0 N 0 n

and ship to array sit

' and test faci
3 throuah 36

10.14.2.2 Install electronics il
10.14.2.3 Check out complet
10.14.2.4 Install antenna at'a
10.14.3 Refurbish antenna:
10.14.3.1 Re-install electronic
10.14.3.2 Check out at OSF
10.14.3.3 Install antenna ata
10.14.4 Install central build
10.14.5 Support debugging

11.1.1 Completion of 183
11.1.2 Demonstrate 183(
11.1.3 Reineme
11.1.4 Release 
11.2.1.1 Contract 'F

r 183

11.2.1.2 WVR Spectrometer
11.2.1.3 WVR Feed, Window, Lens, I
11.2.1.4 Monitor ai
11.2.3 Deliver Pr
11.2.4 Integratiol
11.2.5 Verificatio
11.3.1 Dual-Loac
11.3.2 Release E
11.3.3 Contract.
11.3.3.1 Dual-Loac
11.3.3.2 Load Fabl

nd Control \

; v v vU LO /o Un n AnA

Total Inflated
Cost Cost

1999 $K 2006 $K

0 25% 0 0
0 11% 0 0

25%uIvu. v..
0

0 0 0 0 0 0 35% 0 0

e 0 0 0 0 0 0 35% '0 0

s at OSF 0 0 0 0 0 0 25% 0
10

0 0 0 7 25 77 25% 128 152
r cabin 0 0 0 7 25 77 25% 128 152
na at OSF 2 0 7 7 84 0 25% 105 125

1 and 2
:s and upgrade

28
L /A

0 0 0 0 0 0 25% 0 0

ded 0 0 0 0 0 0 0 25% 0 0

Ar A
S citA

t ~ ~ A A Al . l
id repair 0 0 0 0 0 0 25% 0 0

1 Ao/1.V - -i l0LII- U 4O

GHz Water Vapor Radiometer 0 0 0 0 _

GHz Water Vapor Radiometer 0 0 0 0
tL-,- (H7Wtr onnr rrlinmeter 0 0 0

0 0 11% 0 0
0 0 12% 0 o

V p-, , .. .. v- 100 U U
0 0 0 0 0 0 10% 0 0

neter Subassembly 0 00 0 0 0 10% 0 0
0 0 0 0 0 0 10% 0 0

trumentation 0 0 0 0 0 0 10% 0 0
face { 0 0 0 0 0 0 14% 0 0
s 0 0 0 0 0 0 0 9% 0 0
,,.. _ __ __ __ __ __ __n _ nn_,___ ^_ 9^

( into Receiver racKaqe
0 0 0 0 0 0 9% 0 0

I Device Design Refinement 0 0 0 0 0 0 7% 0 0
1 Amp Cal or r

rication for I
11.3.3.3 Dual Load Am;
11.3.3.4 M/C Interface f
i1.3.4 Assembly and
11.3.5 Integrati
11.4 Imaging
11.5 Imaging

tf P

8 A % .. v V07o U U1 _ ,,_t I n\ n . ,7
1 AmD LCal

SCa

Calibratlon uevice Motors, servo

Test of Dual Load Amy
AmpCal on Productiona. and Proiect Support

0 0 0 0 0 0 7% 0 0
I 0 0 0 0 0 0 7% 0 0

r l Ai eAlA n n l -
plitude Calibration 0 0 0 o 0 0 7% 0 0
Antennas 0 0 0 3 12 0' 7% 13 15

Development 0 0 0 0 0 0 7% 0

Totals [ 92 111 285 6531 5,931 41,524 59,642 70,89 5
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Materials & Total Infl

WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C
Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2007

1 . Project Management 60 0 0 24 523 0 15% 601

1.1.1 Management Planning and Oversight 0 0 0 0 0 705 15% 811
1.1.2 Business Operations 0 0 0 0 0 100 15% 115

1.1.3 Chilean Operations 0 0 0 0 0 15 15% 17

1.1.4 Safety and Health0 0 0 0 0 0 15% 0
1.1.5 Personnel 0 0 0 0 0 0 15% 0

1.1.6 Project Science Office0 0 0 0 0 0 15% 0
1.1.7 AUI Management 0 0 0 0 0 0350 15% 402

1.2 Engineering 0 0 24 12 221 20 15% 277
1.2.1 System Engineering-Phase II 0 0 0 0 0 0 15% 0

1.2.2 Documentation System 0 0 0 0 0_0_ _ _ 15%_0
0 000 0 15% 0

1.2.3 Production Engineering 0 0 0 0 0 0 15% 0
1.3 US Facilities 0 0 0 0 0 0 15% 0

1.3.1 CDL Permanent Facilities 0 0 0 0 0 0 0% 0

1.3.2 Manufacturing Facilities 0 0 0 0 0 115 10% 127

1.3.3 Common Infrastructure 0 0 0 0 0 200 15% 230

2 Site Development 0 0 12 0 87 50 5144

2.2 Maintain Mining claims 0 0 0 0 0 0 5% 0

2.3 Contract A&E Studies0 0 0 0 0 0 20% 0

2.5.3 Contract Array Site Civil Works 0 0 0 0 0 0 20% 0

2.6.3 Contract OSF Civil Works 0 0 0 0 020% 0
2.7.3 Contract Civil Works 0 0 0 0 0 0 20% 0

2.8.1 Equip Array Site 0 0 0 0 0 0 20% 0

2.8.2 Equip Operations Support Facilit 0 0 0 0 0 0 0 020% 0

3.1 Antenna Engineering Support 0 0 0 0 14% 0

3.8.10 Sign Transporter Contract 0 0 0 0 0 0 20% 0

3.8.30 Accept Transporter #2 at OSF 0 0 0 0 0 0 20% 0
3.8.35 Contract for Transporter #1 Moveto site 0 0 0 0 12% 0

3.15 Procurement of Antenna 2 0 0 0 0 0 27% 0

3.20 Sign Contract for Production Antennas .0" ' 0 0 . 0 0 20% 0

3.21 Antenna Contract Supervision 0 0 0 0 0 12% 0
3.23 Accept Antenna #3 at OSF 0 0 0 0 0 0 27% 0

3:25, 3.27, 3. Accept Antennas #4 through #36 0 0 14 0 98 24786 27% 31,603 38

411.2 Fabricate PPRC0 0 0 0 8% 0

4.1.1.3 Test PPRC 0 0 0 0 0 0 5% 0

4.1.2.1 PPR Dewar Design0 0 0 0 0 0 17% 0

4:1.2.2 PPR Dewar Fabrication and Vacuum Testing 0 0 0 0 0 0 40% 0

4.1.2.3 PPR Vacuum Windows and IR Filters 0 0 .. 0 0 0 0 20% 0

4.1.2.4 PPR Cryogenics/Dewar Assembly and Testing 0 0 0 0 0 0 13% 0

4.1.3.1 PPR Control-Monitoring and Bias Electronics Design 0 0 0 0 0 0 21% 0

4.1.3.2 PPR Control-Monitor and Bias Electronics Construction 0 0 0 0 0 0 44% 0

4:1.4.1 Insert Mechanical-Thermal Design, Bands <275 GHz Waveguid 0 0 0 0 0 0 48% 0

4.1.4.2 Insert Component Fabrication for Bands <275 GHz 0 0 0 0 0 0 56% 0

4.1.4.3 Insert Mechanical-Thermal Design for Bands >275 GHz (Quasi o 0 0 0 0 0 0 48% 0

4.1.4.4 Insert Component Fabrication for Bands >275 Ghz 0 0 0 0 0 0 56% 0

4.1.4.8 PPR Insert Assembly (3 Bands) 0 0 0 0 0 0 44% 0

4.1.4.9 PPR Insert Testing (3 Bands) 0 0 0 0 0 0 16% 0

4.1.5.1 PPR Vacuum System Assembly 0 0 0 0 0 0 8% 0
4.1.7.1 PPR Post IF System Design 0 0 0 0 0 0 22% 0

File: UsOnlyCostEstimatel999Jul05_rev04_summary.wb3
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4.1.7.2 PPR Post IF System Construction and Testin
4.1.8.1 PPR Frame Desian
4.1.8.2 PPR Frame
4.1.9.1 Prototype Pr
4.1.9.2 PPR Testing
4.1.10.1 Design and I
4.1.10.2 Design and
4.1.10.3 General Tes
4.2.1 MMA Recei\
4.2.2 MMA F
4.2.4.1 MMA F
4.2.4.2 MMA F
4.2:4.3 Vacuui
4.2.4.4 Receiv
4.2.4.5 MMA Receiver Fr
4.2.4.6 Vacuum System I
4.2.4.7 Bias and Control-

ver

r Insert Test S

ver (MMA Rx) Design Refi
ear (MMA Rx\ Documenta

Rx Cryogenics Fabrication

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

0 0

0 0
0 0

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

Total Inflated
Cost Cost

1999 $K 2007 $K

0 0 0 24% 0 0
0 0 0 16% 0 0

n30% n n
r A ,t I A

14% n n

eceiver Test Set 0 0 36% 0Receiver Test Setf0 0 0 0 0 0 36% 0 0
11% / n 0

0 0 0 0 0 0 13% 0 0
inement 0 0 0 0 0 0 28% 0 0
tion 18R/, 0 0

0 0 1 23 21 16% 51 62
0 0 1 12 54 198 20% 302 369

vs and IR Filters Fabricatlon

4.2.4.9 Assemble Receiver Inserts and Test
4 214.10 Assemble MMA Rx IF System
4.2.6.1
4.5.1
4.5.2
4.5.3

4.3.1.1

Test 
tand t

16%o/. 67 R1

0 0 2 50 210 396 22% 739 900
y........ 4 6. % 9 11 I I

0 0 0 0 0 0 16% 0 0

Construction 0 0 0 0 0 0 16% 0 0
0 0 25 50 376 44 20% 505 615

15 44 14%0 67 R1
. . T Af-% -....... 1--_......_'_

sion MMA Receivers
system for 2nd Evaluati<
y of 2nd Evaluation Rec
d Evaluation Receiver

rest 211-275 (
4.3.1.3 Fabricate 211-275 GHz mixer blocks
A 4 ,A r..AA R. tr ,- 11-7 4_'7 IS . 1. MiYrr
4.3.2.1
4.3.2.3
4.3.2.3

and Test 602-/20 GIiz Mixer veslan

!-720 GHz mixer block
4.3.2.4 Fabricate & test 602-720 GHz SIS 
4.3.3.1.
4.3.3.3
4:3.3.4 Fabricate & to
4.3.4.1
4.3.4.3

Sand Test 275-370 GHz I
'-37f0 GHz mixer blocks

90 1R%o 11r; 14n

eceiver 0 0 0 0 0 0 16% 0 0
. 0 0 0 0 0 0 16% 0 0

r ,., ^.
n n

rDesign .0 0 0 0 0 0 52% 0 0
0 0 0 0 _ _ 16% 0___ 0

t5L'- II'L J'.1LJI' 'IAG - ,A v J -7o 4 V U U
\ A:.. -

1v'4uA /ll U Un n =- V

n n

)etector Modules 0 0 0 0 0 0 78% 0 0
r Design 0 0 0 0 0 0 52% 0 0

n n n n ..

est 275370 GHzSIS Mixer Detector Modules 0 0 0 0 0 0 52%
a. nd T est 89-116 G LIZ Mixer uesin

-116 GHz mixer bloc
4.3.4.4 Fabricate 89-116 GHz SIS Mixer I
4.3.5.1
4.3.5.3
4.3.5.4
4.3.6.1 Design, Fab,
4.3.6.3 Fabricate 38!
4.3.6.4 Fabricate & 1
4.3.7.1
4.3.7.3
4.3.7.4
4.3.8.1
4.3.8.2 Build SIS
4.3.8.3 Build SIS
4.3.8.4 Build SIS
4.3.8.5 Build SIS
4.3R 8. Build Waft

1 Test 163-211 GHz \
I1 GHz Mixer Blocks

test 163-211 GHz SI
and Test 385-500 G

5-500 GHz mixer bloc

50% n n
v .1/o U- _ __. 1Vu

n\ n n ,

Modules 0 0 0 0 0 0 52% 0 0
r Design 0 0 0 0 0 0 52%I ' 0 0

-v iu u

3 Mixer Detector Modules 0 0 0 0 0 0 52% 0 0
Hz Mixer Design 0 0 0 0 0 0 52% 0 0-I,_ nA A .A A ^-_
CKS 16R/.

00 GHz SIS Mixer Detector Modules 0 0 0 0 0 0 52% 0 0
40 18r GHA9 M D i r A a29,A, n n n n a ...

12- ,, . ... -- 16 07o

& Test 125-163 GHz SIS Mixer Detector Modules 0 0 4 10 68 124 34% 258 314
Fabrication Equipment 0 0 0 0 0 0 14% 0 0

T
T
T

- .t Al u It IA > z 70 U U V I UoU U U
A A r0

%ar & Rack #3 0 0 0 0 0 0 14% 0 0
k o r #4n nn,,.....

er Evaluation 1 Sets 0 0 0 0 0 0 18% 0
t 0 0 0 0 0 0 5% 0 0

30 GHz 0 0 0 0 0 0 15% 0 0
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Millimeter Array Construction: 2007
I S R frcncP Pro~iePt

Materials & Total Infla
WBS Task Name Scientists Programmers Engineers Technicians Personnel Supplies Contingency Cost C

Work-months Work-months Work-months Work-months 1999 $K 1999 $K 1999 $K 2007

4.3.8.7.3 Near-Field Antenna Test Equipment 0 0 0 0 0 0 15% 0

4.3.8.8 Build 211-275 GHz Test Plates 0 0 0 0 0 0 14% 0 -
4.3.8.9 Build 602-720 GHz Test Plates 0 0 0 0 0 0 14% 0
4.3.8.10 Build 275-370 GHz Test Plates O 0 0 0 0 14% 0
4.3.8.11 Build 89-116 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.12 Build 163-211 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.13 Build 385-500 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.8.14 Build 125-163 GHz Test Plates 0 0 0 0 0 0 14% 0

4.3.9.1 Obtain and evaluate InP IF amplifier wafers 0 0 0 0 0 0 10% 0
4.3.9.2 Build IF amplifiers 0 0 6 24 137 36 10% 190
4.4.1 Contract for HFET wafer 0 0 0 0 0 0 24% 0

4.4.2. Receve ana eve
4.4.3.1 Build 31-45GHz
4.4.4.1 Design 67-90 GF
4 4.4.2 Build 67-90 GHz

5.1 LO Referer
5.2.1 Production
5.2.2 H-maser F
5.2.3 8 GHz PL(
52.4 10 GHz PL

Ell

H

iuaLG MrI

HFET D
z amplii
" rrr n.

ted

ost

$K

0
0
0
0
0
0
0
0
0

232
0

o

0

)etector Modules 0 0 0 0 0 0 10% 0

er 0 0 0 .. 0 0 26%/
1  

0 0, . RAA n nnn - n i..

Prototype
and lab eq

Oscillator
5.2.5 12 GHz PL Oscillator & [
5.2.6 14 GHz PL
5.2.7 3.2-5.2 GH
5.2.8 3-. 32 -5.2 GI
5.2.9 Sampler Cl
5.2.10 LO Ref Gei

Oscillator & I
z Synthesizer
-z PLO and F
lock 4 GHz PL

. Standard (& Rb)

Distributor

0 0 0
0 0 0
0 0 0

o 0
0 0

0 0 , 2 2 22 10 12% 36 44
0_ 0 2 2 22 10 12% 36 44

Distributor 0 0 2 2 22 10 12% 36 44
r0 0 4 4 45 96 16% 163 199

rine Generator 0 0 2 2 22 34 14% 64 78
L Osc & Distributor. 0 0 _ _ _ 2 1 18 10 12% 32 39

) et Distributor - Control ilag
crowave Round-trip Phase Men

5.2.13 10-15 GHz
5.2.14 First LO Frii
5.2.15 16'GHz PL
5.2.16 26GHz PL
5.2.17 LO Ref Dist
5.2.18 VXCO.Clea
5219 Power su

riu tnr A

1 A A A l 1. IL04 II
MI- - - I U 3

.. I"V14- /o 2 30 JU

surement 0 0 1 2 15 23 49% 56 69
r 0 0 2 2 22 2049% 63 77f t .o ") ,. .....

t -I t) l /0 PU

a .-I -U IiL/os J30 4
& Distributor 0I 0 2 2 22 10 12% 36 44

n nn.n.... -- I -...

-up Loop. 0 0 _ 2 2 22 30 100% 105 128
I module

5.2.20 Bins/ Racks (assemble and test)
5.3.1 LO Source Design and System Integral
5.3.2.1 72-95 GHz LO Source Procurement &
53.22 72-95 GHz LO Source Assembly & Tes
5.3.3.1 102-120 GHz .
5.3.3.2 102-120 GHz L
5.3.4.1 : 87-108 GHzL(

LO Source Pi
LO Source A:
O Source Prc,.. .. . -. . .

H GHz LOU ource i

tion
f-- ,

0 0 0 0 0 3 14% 4 4

S2 0 0 0 0 0 0 36% 0 0
Ftabrication

" 0 0 0 0 0 0 24% 0 0
1 Fabrication 0 0 0 0 0 24% 0 00 0

_."n^n^n
& I est
nt & Fabricatic
.Test

GHz LO Source Procurement & Fabr
v. . ., . -V -v . , . . . . .... .. ..

5.3.5.2 65-86 GHz LO Source As'
5.4.-1 LO Multiplier Chain Desigr
5.4.2.1 21-1-275 GHz Receiver LO
5.4.2.2 211-275 GHz F
5.4.2.3 275-370 GHz L
5.4.3.1 602-720 GHz FReceiver I

Iv & Test I n n n ni n /

0 0 24% 0 0

0 0 1, 0- 0 24%0 .00 AOI :

rstem Integration 0 0 0 0 0 25 36% 34 41
A n -,/.._

,, , I,,,,. .. v u 34/ U U
)Multiplier Assembly & Test 0 0 0 0 0 34%
source & multiplier 0 0 0 0 0 0 34% 0 0
)multiplier Parts 0 0 0 0 0 0 34% 0 0
) multiplier Assembly & Test 0 0 0 0 0 0 34% 0 0

5.2.11
5.2.12

5.3.4.2
5.3.51

5.4.3.2 602-720 GHz Receiver I
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Millimeter Array Construction: 2007
US Reference Project

WBS Task Name

5.4.3.3 602-720
5.4.4.1 275-370
5.4.4.2 275-370
5.4.4.3 275-370
5.4.5.1 . 163-211
5.4.5.2 163-211

Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K, 1999 $K

Kmultiplier 0 0 0 0 0
r Parts 0 0 0 0 0

SGH:

GHz Receiver I
5.4.5.3 163-211 GH;
5.4.6.1 3
5.4.6.2 3
5.4.6.3 3
5.4.7.1 1
5.4.7.2 1
5.4.7.3 1
5.4.8.1 Design & tab 3
5.4.9 LO Multiplier F
5.4.10 LO Multiplier 1

6.1 IF I
6.2 IF
6.3 IF I
6.4 IF I
6.5 IF I
5.6 IF I
6.7 IF
6.8 Bir

7.1 Prc
7.2 Dic
7.3.1 16
7.3.2 16 GHzf
7.4 Producti,
7.5 Monitor
7.6 Fiber Op

r Parts
r Assen

rate source & multipl
r LO multiplier Parts

Hz Receiver LO multiolier Parts

vv1

Total Inflated
Cost Cost

1999 $K 2007 $K

0 34% 0 0
0 34% 0 0

ly & Test u u u U 34% U U
r 0 0 0 0 0 0 34% 0 0

0 0 0 0 0 0 34% 0 0
ly& Test 0 0 0 0 0 0 34% 0 0
r 0 0 0 0 0 0 34% 0 0

n,n ^ - -_
34%o n n

, Test .0 0 0 0 0 0 34% 0 0
S 0 0 0 04 0 0 34% 0 0
na n n ,--^

34% n n

nultiplier Assembly & Test 0 0 0 0 0 0 34% 0 , 0
ource & multiplier 0 0 0 0 0 0 34% 0 0_ .. .. ,-, _ _ ._"_/ "t ^ ^. ^...

31-45 -GHz receiver LU couplln

r(2/antenna)

12 /, A A
0 0 0 o 0 0 11% 0 0
0 0 0 0 0 0 11% 0 0

rometer of 2 antennas. 0 0 0
ent 0 0 0

0 0 5

0 0 10% 0 0
0 0 5% 0 0

51 1 o% 122 I4A

0 0 1 3 19 32 6% 54 65
enna) 0 0 5 114 79 123 20% 242 295

and test) ,%o
w, , .. ,U7 I I

nti~l FihSr Scstms 0 0 n n n
UIUJL lJYP Ju r '-' IUI 7y:
gital IF Transmitters and
GHZ FO LO Ref Dist P

Receivers 0 0 12 18 157
rntntvne 0 0 0. 0 n

FO LO Ref Dist wit

0 32% 0 0
15 40% 242 295

1 A A A ,. .t .. : I'TDhow V Li tnA A)An-,.,.7.

and Receivers 0 0 5 12 83 16 14% 113 138
les 0 0 1 4 23 5 14% 32 39)tics Power Supply P

7.7 Bins / Racks (as

8.1.1 Refine digitizer
8.1.3 Dioitizer contrac
8.1.4 fdigitizers

Sani test

rials

p.1.0 uIuzer vallua uil alU Uaellnve

8.2.1 Prototype FIR filter testing on in
8.2.2 Design & test FIR filter refinemE
8.2.4 FIR filter chip & board fabricatic
8.2.5 FIR filter board assembly
8.2.6 FIR filter board validation and d
8.3.1
8.4
8.6
8.5

8.7.
8.8.1

Correlator

First 1

boards

) 21.U L

0 0
o 0
0 0

S0 0
0 0 0

0 0 0

30% 0 0 _

30% 0 0

0 0 0 0 0 0 26% 0 0
iterferometer 0 0 0 0 0 0 38% 0 0
ent 0 0 0 0 0 0 32% 0 0
n 0 0 0 0 0 0 32% 0 O

0 0 0 0 0 0 26% 0 0

GIII A A n nU 32%o U
.. 0I A ... , f. U
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)r RacKS
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Millimeter Array Construction: 2007
US Reference Project

WBS Task Name

3.8.4 Fourth 1/4
3.9 Correlator

9 Computinc
9.1 Control Sc
9.1.1 Test Interfs
9.1.2 MMA Corr
9.1.3 Multi-antel
9.1.4 Operators
9.1.5 Deliver co'
9.1.6 Maintenan
9.2 Schedulini
9.2.1 Static Sch
9.2.2 Dynamic s
9.2.3 Dynamic s
9.2.4 Dynamic s
9.3 Proposal p
9.3.1 Proposal ,
9.3.2
9.3.3
.. 4

9.4
9.4.1
9.4.2

ator
uipment

r Control a
oftware

Scientists Programmers Engineers Technicians

Work-months Work-months Work-months Work-months

md'IIIIl 1 -I I Uldi II1IWL~

Personnel Supplies Contingency
1999 $K 1999 $K

Cost Cost
1999$K 2007$K

0 0 0 0 0 0 24% 0 0
_ 0 0 0 0 0 5% 0 0

0 0
0 0

vsin 0 0

0 0 0% 0 0
0 0 0% 0 0

34 0 0

n "A -A A7A.l . .. ""

trol 0 6 0 0l 36 100 34% 182 222
rfaces 0 0 0 0 0 20 34% 27 33

0 0 0 0 0 0 18% 0 0
n, n,,n n n n ....

Proposal assistance I
Observe program pro
Observe Dr

line

9.4.3 Parallelization stu
9.4.4 Initial image pipelin
. 4.5 Production image

9.5 Archiving
9.5.1 Prototype
9.5.2 Evaluate s
9.5.3 Production
9.6 Post proce
9.6.1 Define dat
9.6.2 Filler and f
9.6.3 ALMA spe
9.6.4 MMA Post

0 0 0 0 0 0 34% 0 0

ations 0 0 0 0 0 0 34% 0 0
type 0 0 0 0 0 0 30% 0 0

Lmentation 6 12 0 0 114 0 39% 159 194

ware 0 0 0 0 0 0 0% 0 0
type 0 0 0 0 0 0 30% 0 0

rmentation 3 6 0 0 57 0 30% 74 91
e 0 0 0 0 0 0 26% 0 0

,, t tt 4 ,^ . ...

gration & ir
Spipeline

gram 0 0 , , I

heuristics 0 0 0 0 0 0 39% 0 0
0 0 0 0 0 0 30% 0 0

mentation 0 0 0 0 0 0 34% 0 0
0 0 0 0 0 0 26% 0 0

% 0 IU V 4

S.archive 0 0 O 0 0 0 30% 0 0
rdware 0 0 0 0 0 0 11% 0 0

I ' 11 A,9' ee.....inn

A1A n .. n -
0 - vv v v

nnn__ _-_ _"_ _ t

)ns 0 0 0 0 0 0 22% 0 0
0 0 0 0 0 0 39% 0 0

ins 0 0 0 0 0 0 0% 0 0A 0nn .,n

an enA.

9.7 SIOUlWlare UIJI

9.7.1 Tool support 0 0 0 0 0 0 34%

9.7.2 Quality assurance 0 18 0 0 107 0 34% 144 1
9.7.3 Chile system administration 0 0 0 0 0 0 22% 0

10 System Integration 0 1 0 %0 0 0 1% 0

10.4 Test Interferometer Site Preparation 0 0 0 0 0 25% 0

10.10 Oufitting at U.S. test site 0 0 0 0 0 0 12% 0

10.10.4 Antenna #1 Outfitting 0 0 0 0 0 0 25% 0

10.10.7 Antenna #2 Outfitting 0 0 0 0 0 0 25% 0

10.10.10 General Outfitting 0 0 0 0 0 0 25% 0

10.11 Single Dish Tests 0 0 0 0 0 11% 0

10.11.1 Ant#1 holography and surface readustment0 0 0 0 25% 0,1.1. An #...Antennan nnLva,,ua,,,O,
10.11.2 Ant #1 Antenna Evaluation
10.11.6 Ant #2 holography and surface readiustment

1999-07-05 02:57 PM

0 v V-- V 0.
nn n n n ^ . .

%yt e. v L0/0 U U0

v

75
0

0

0
0
00
0

0

"""

, .- r.v

34% 0 0
12 72 34% 96 117

30% 0 0

0% 0 0

21 -)ruRl
77 ! "A"

0 00%

12 114 250 r0/ - 474 577

0% 0 0

12 0 93 268 30%I 469 572 1
0% n n 1

1% IO n 0

22%I 0 0M inftn ce

QnfIL nA CALnnt

FF

9.6.5
n4' 0%1 0 01

25%

I| IIF
-)9°vU A I

I

File: UsOnlyCostEstimatel99JuI__rev04_summary wb Page 47 of 48

maeriais a I oil Inriateu
JI

I



Millimeter Array Construction: 2007
US Reference Project

WBS Task Name

10.11.7
10.12

a Evaluation
Tests

10.12.1 . Phase/gain stability te
10.12.2 Sensitivity v
10.12.3 Holography
10.12.4 Modification
10.13 Dissassemb
10.14 On-site Sysi
10.14.1 Set up asse
10.14.2 Outfit anteni
10.14.2.1 Wiring and
10.14.2.2 Install electr
10.14.2.3 Check out c
10.14.2.4 Install anten
10.14.3 Refurbish ar
10.14.3.1 Re-install elf
10.14.3.2 Check out a
10.14.3.3 Install anten
10.14.4 Install centnr
10.14.5 Support deb

ets

Scientists Programmers Engineers Technicians
Work-months Work-months Work-months Work-months

Materials &
Personnel Supplies Contingency

1999 $K 1999 $K

0 0 0 0
0 0 0 0
0 0 0 0 I

Total Inflated
Cost Cost

1999 $K 2007$K

0 25% 0 0

0 11% 0 0

o v- v -U J/

_0 0 0 0 0 0 25% 0 0
nomical sources 0 0 0 0 0 0 25% 0 0

-v - ,_ v v - v Jo

nd ship to array site 0 0 0 0 0 0 35% 0 0
0 0 0 0 0 0 50% 0 0

icilities at OSF 0 0 0 0 0 0 25% 0 0
6 0 0 0 0 0 10 25% 13 15

0 0 0 6 22 66 25% 110 134

r cabin 0 0 0 6 22 66 25% 110 134
na atOSF 1 0 6 6 71 0 25% 89 109

,_0 0 0 6 25 0 25% 31 37

1 Retrofits

1 and 9

cs and upgrade as needed 1 2 2 2 4 0 25%t

ling electroni
a and renair

10.20 Prototype Testing Support

11.1.1
11.1.2

--
0 0 0 0 0 0 25% 0 0
0 0 0 0 0 0 25% 0 0

0__ _ _.,._0_0 10%_00

Df 183 GHz Water VaDor I

1.1.3 Refinement of 183 GHz Water
11.1.4
11.2.1.1

for r

11.2.1.2 WVR Spectrometer
11.2.1.3 WVR Feed, Window,
11.2.1.4 Monitor and Control1
11.2.3 Deliver Production R
11.2.4 Integrat
11.2.5 Verifica
11.3.1 Dual-LC
11.3.2 Release
11.3.3 Contrac
11.3.3.1 DuaI-LC
11.3.3.2 Load F
11.3.3.3 Dual LE
11.3.3.4 M/C Ints
11.3.4 Assembly and Tesi
11.3.5 Integration of Amp(
11.4 Imaging Studies ar
11.5 Imaging Algorithm

er 0 0 0 0

r 0 0 0 0
Vanor Radiometer

meter SubassembDIv

I InterfaceIInterface

1 Site oft WVR

ubassembly Dual-Load
AmpCal Subassy Mach

0 0 11% 0 0
0 0 12% 0 0
^,. .. .

p -1 ................... V'VV U 16% 0

00 0 '0 0 0 0 10% 0 0. . .. ,, " ,, ^ :

0 0 0 0 0 0 10% _0_0 V 0

0 0 0 0 0 0 10% 0 0

neters 0 0 0 0 0 0 9%00
k ... Un17oIfU U

o.vvv , ,,,,. . . . .. VUh o

U-/ .U-. I. .. I i
)evice Desiqn Reninement

ininc

-0 . .,- ou U

_ _0 0 0 0 0 0 8% 0 0
>Cal 0 0 0 0 0 0 7% 0 0

" " " ^

w - - v o
np Cal 0 0 0 0 0 0 7% 0 0
)evice Motors, Servo 0 0 0 0 0 0 7% 0 0

,, 1.

I LOad Amo Cal Device

Proiect Suppooort

A A
00 0 0 0. 0 7% 0 0
0 0 0 3 12 0 7% 13 15n n n .._

velopment 0 0 0 0 0 0 7% 00

Totals 82 78 172 376 3,769 28,860 40,971 49.9,
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