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Work Breakdown
Structure (WBS)

Expanded
Very Large Array

6.01
6.02
6.03
6.04
6.05
6.06
6.07
6.08
6.09
6.10
6.11
6.12

Project Management

System Integration and Testing
Civil Construction

Antennas

Front End Systems

Local Oscillator System

Fiber Optic System
Intermediate Frequency System
Correlator

Monitor & Control System
Data Management and Computing
Education and Public Outreach

WABS is maintained at Level 3 or 4, Updated 2 times/yr. Total 162 cost data sheets.
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Example cost data sheet:
WBS 6.07.10.10

Antenna Fiber

EVLA Cost Data Sheet

jLast saved: 12/08/04

phote: All monetary amounts are listed in SK

Task Name: [Antenna Fiber 1
WBS Number.lf-i 07.10.10 JAcct # FULXXXX 0710 1 Start Date|
End Date|
Name/Estimator: Phone: Duration
Basis of Estimate: Version Date:
Assigned Risk Factors: Multipliers for Contingency:
Technical 8.0 (1,2,3,4,6,8,10,15) Technical Multiplier: 2.0 (2,4)
Cost 15.0 (1,2,3,4,6,8,10,15) Cost Multiplier:| 1.0 (1,2)
Schedule 8.0 (2,4,8) Calc. Contingency.:| 39.0%
Task Description: |Develop and install equipment to interface Fiber Optic equipment to exixting systems during transition. Consists of an D/A converter module to interface FO receivers to the input|
(Text for the WBS dictionary) Jof the exixting VLA baseband converters. Outfit antennas with fiber harnesses. Build fiber harnesses. Support fiber cable laboratory. This task has not been completely
defined. New antennas will provide digital data so unupgraded antennas may need to provide digital data at some point. This will require 8-bit low frequency samplers in the
antennas and will require low frequency D to A converters to interface with the old correlator.
Labor: In Person Months
[Employee Name TSG Joob Desq 55 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 | Total FIE S|
Tom Baldwin 3 EV 1.0 5.0 5.0 1.0 1.0 1.0 1.0 13
Gary Duff 4 EV 3.0 3.0 3.0 10.0 10.0| 10.0 3.3
Linda Major 4 EV 0.0
Nissim Chudnoff 4 EV 0.0
Donna Winchell-Field 4 EV 0.0
Jim Jackson 2 ED 1.0 0.2] 0.1
Douglas Gerrard 3 ED 1.0] 0.1
Steve Thompson 3 ED 8.0 2.0 11.0] 11.0 11.0] 3.6
Bob McGoldrick 4 ED 1.0 1.0 1.0 0.3
[Adrian Rascon 7 ED 5 70 70 08
Kerry Shores 4 ED 5.5 5.5] 5.5 5.5] 5.5 55| 5.5 3.2
Mike Revnell 3 ED 0.0
|Steve Grayson 3 ED 6.0 6.0 6.0 6.0| 6.0 6.0| 3.0
Don Heanichen 3 ED 0.0
3 0.0
4 0.0
4 0.0
4 0.0
4 0.0
4 0.0
4 0.0
4 0.0
4 0.0
4 0.0
5] 0.0
5 0.0
5 0.0
5 0.0
5 0.0
5 0.0
Labor Totals ($K): 9.2 24.2] 134.4] 134.4, 144.6 173.1) 173.1) 105.9, 59.0] 0.0, 0.0] 0.0] 957.8
TOTAL FTEs 0.1 0.4 27 2.2 27 2.8 2.8 g 1.0 0.0 0.0 0.0 155
TOTAL EV FTEs: 0.0 01 07 0.7 03 0.9 09 0.9 0.0 0.0 0.0 0.0 45
Off Budget FTEs: 0.1 0.3| 1.5 1.5 1.9 1.9 1.9 1.0 1.0 0.0 0.0] 0.0] 11.0
TOTAL EV LABOR ($k): 0.0 6.1] 42.3] 42.§| 18.3] 46 46.8] 3 0.0 0.0 0.0] 0.0]
Materials: In $K
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Material Description: Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost  |Total Cost
Prototype hardware 2.0 40.0) 25.0] 67.0]
0.0]
production hardware 120.0) 62.3] 60.0] 60.0] 60.0) 27.7] 390.0]
*Changed design block diagram 0.0
0.0]
Cables built to order 25.0] 50.0] 50.0] 50.0 175.0]
Jumper outdoor cables 10.0 55.0] 65.0]
Module & backplane assemblies 10.0 38.5] 38.5 38.5 38.5 164.0]
0.0]
0.0]
0.0
0.0]
0.0]
Materials Total ($K): 2.0) 40.0 155.0 152.3 148.5 148. 148.5 66.2] 0.0 0.0 0.0] 0.0 861.0
Contracts (Committed):
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Contract Description: Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost Cost  |Total Cost
0.0
0.0]
0.0]
0.0
0.0]
Contracts Total ($K): 0.0) 0.0 0.0) 0.0 0.0) 0.0 0.0) 0.0 0.0) 0.0 0.0] 0.0 0.0]
[Travel (weeks): 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 |Total Cost |
0.0]
Cost: 0.0 0.0) 0.0 0.0] 0.0 0.0) 0.0 0.0] 0.0 0.0) 0.0] 0.0] !
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EVLA MANAGEMENT CHART

Asst Director, Socorro Operations
J. Ulvestad

1 - EVLA Project Manager
P. Napier

EVLA Deputy Proj. Mgr.

M. McKinnon
I I I |
EVLA Project Scientist 2 - EVLA Sys I_Engineer, 2 - EVLA Sys EVLA
R. Perley Electronics Engineer, Software Budget/ Schedule
J. Jackson B. Clark G. Cole
Contracts Socorro Divisions
EVLA Software ]
Project Scientist Electronics
B. Butler DH - S. Durand
5-R. Hayward
6, 8 - T. Cotter
7-D. Gerrard
9 - Canadian Partner Engineering Services
Correlator — P. Dewdney DH - L. Serna
3 - G. Stanzione
4 - J. Ruff

NRAO CDL

LNAs - J. Webber EVLA Computing

DH - G. van Moorsel
10 - B. Sahr
11 -G. van Moorsel
Interferometry Software
DH - J. Ulvestad
DH - B. Glendenning
11 - J. McMullin
Scientific Staff
DH - G. Taylor
Business
DH - S. Lagoyda

Mexican Partner
L. Rodriguez

12 - NRAO EPO
R. Harrison

Note: DH means Division Head
Numbers refer to WBS Level 2 Tasks




gf! Schedule

/Exp.lh

Very Large Array

Current baseline schedule:

5 antennas outfitted for use in array
(Antennas then outfitted at 5/year)

Test Prototype correlator on VLA
Correlator subset ready for first science
Last antenna outfitted

Last receiver installed

Dec 2005

Apr 2006
Apr 2008
Oct 2010
Jun 2012

P.Napier EVLA Advisory Comm, 14 Dec 2004



Tazk Mame

Start

Finizh

2004 2005 2006 2007 2008 2009 2010
24 (@ o2 (o3 [e4 (@1 (02 (a3 [e4 (@1 (o2 (03 (o4 (o1 (02 (03 (a4 [o1 [0 (03 (g (o1 [ez (03 (o4 (o1 [e2 (03 (a4
1 Arntenna 13-1st test antenna Tue 4113035 Thu 111804
2 Art. 14 2nd test w! AT brg exchange Thu 4M5004 | Frid2M 7i04
3 Antenna 16 wiaz brg exchange Mon 22704 Thu 172705
4 Artenna 135 retrofit Fri 1425505 Thu 3£303
5 Antenna 18 wiaz brg exchange Fri 3/4005  Thu B/23/05
g Antenns 24 Fri 62405 Thu 94505
T Artenna 20 wiaz bry exchange Fri AM B35 Thu A f206
g Antenns 23 Fri12/ms Thu 352008
9 Antenna 17 Fri 3/3M06 | Thu 5/2508
10 Antenna 26 wiaz brg exchange Fri &r26/06 | Thu 94 406
11 [Antenna 1 Fri @Mame Thu 1149008
12 [11th Antenna Fri11M006 |  Thu 2407
13 [12th Antenna Fri 202007 | Thu /26007
14 [13th Antenna Fri 42707 Thu 7M1 907
15 [14th Antenna Fri Bi22007 | Thu 94 307
16 [15th Antenna Fri 9407 | Thu 120807
17 [16th Antenna Fri12/707  Thu 2/28/08
18 [17th Antenns Fri 229/08  Thu 5/22/08
19 [18th Antenna FriSi2308 Thu SM4008
20 [19th Antenna FrigMsma  Thu 114608
21 [20th Antenns Fri11/708 Thu 1/29/09
22 [21th Antenna Fri1/209 | Thu 3/26/09
23 22th Antenna Fri 352709 Thu 61809
24 [23th Antenna Fri 6909 Thu 94008
25 [24th Antenna Fri9M1m9  Thu 124309
26 [25th Antenns Fri12/4/09 Thu 2/2510
27 |26th Antenna Fri 2i26M0 Thu 52010
28 [27th Antenna Fri di23M0 ThuYMSHO
29 [28th Antenna Fri 7TMEMD | Thu107M0
30 [Artenna 14 retrofit Fri10/8M0 Thu11M140
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Antennas

Schedule (cont)

EVLA Project
Antenna Qutfit Plan

Expanded
Very Large Array
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Orig Baselne

——Recovery

/7

//

_/

=

0

123000 128101 123102

126003 128104 1263105 1231006 123007 128108 1231009

Project Years

P.Napier

EVLA Advisory Comm, 14 Dec 2004



EVLA PROJECT MILESTONE SUMMARY
As of October 01, 2004
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~——Recovery Plan
Key Milestones
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EVLA BUDGET SUMMARY

Rollup from all 162 cost data sheets

All amounts are in $k dollars (FY2004)

As of 11/12/2004

Actuals = Actuals Actuals Actuals Budget
WBS Task Name 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Totals
6.01 |Project Management 77.01 203.7 1249 279.7| 261.4| 320.7| 279.2] 267.7| 277.4| 221.7| 140.4 0.0 2454
6.02 |System Integration & Testing 212.0 478.0 236.4 746.1| 1040.4 139.4 122.4 92.2 22.9 0.0 0.0 0.0 3090
6.03 |Civil Construction 0.2 252.0 40.1| 229.1] 573.4 47.3 0.0 0.0 0.0 0.0 0.0 0.0 1142
6.04 |Antennas 0.0 46.7 98.5| 497.2 134.8 94.5 61.4 38.0 14.2 8.0 0.0 0.0 993
6.05 |Front End Systems 385.0 114.5| 596.5| 1315.4| 2374.2| 1763.3] 968.4] 888.0f 806.4| 616.1] 359.1] 139.3 10326
6.06 |Local Oscillator System 14.1| 292.4] 253.0] 1188.4| 504.3] 548.7| 506.3] 225.6 52.0 0.0 0.0 0.0 3585
6.07 |Fiber Optic System 4.7 603.8] 735.5| 1175.6| 744.9] 1507.8] 620.3|] 675.3] 388.6] 369.2 0.0 0.0 6826
6.08 |Intermediate Frequency System 0.0 105.5 327.5 205.4 726.9 418.2 382.2 333.0 78.9 68.0 0.0 0.0 2646
6.09 |Correlator 149.0] 362.0 155.0] 618.0 37.0] 4281.5] 1879.0 45.0 17.0 0.0 0.0 0.0 7544
6.10 |Monitor & Control System 0.0 209.2 255.8 367.0 561.9 629.1 488.0 415.5 241.7 66.6 8.0 0.0 3243
6.11 |Data Management & Computing 2.8 0.2 219.0 194.9 64.0 8.0 202.0 102.0 500.0 0.0 0.0 0.0 1293
6.12 |Education & Public Outreach 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
M&S Total 845 2668 3042 6817 7023 9758 5509 3082 2399 1350 507 139 43141
Travel 8 65 67 67 78 69 64 55 48 32 0 0 554
Direct Labor 126 1115 1689 2297 2667 2310 1911 1905 1504 200 181 0 15903
NRAO Indirect Labor 195 1549 2317 2186 2642 2218 2057 1737 1598 393 211 198 17302
NRAO Wages & Benefits 321 2664 4006 4483 5309 4528 3968 3641 3101 593 392 198 33205
Canadian Labor 54 414 671 533 523 438 499 321 136 0 0 0 3589
Sub Total 1227 5810 7787] 11900| 12934| 14795 10040 7099 5685 1975 899 337 80489
Contingency 0 0 0 0 0 0 0 606 1534 1951 197 4288
Redirected NRAO Effort -195| -1549| -2317| -2186| -2642| -2218| -2057| -1737| -1598 -393 -211 -198] -17302
Canadian Contribution -203 -776 -826| -1151 -560| -4720| -2378 -366 -153 0 0 0] -11133
Mexican Contribution -1700 -1700
EVLA Project Funds 829 3486 4643 8563 9732 6156 5605 5603 5468 3532 885 139 54642
Carryowver to next yr 2170 3685 4363 5140 748 139
Carryover from prior yr, -2170 -3685 -4363 -5140 -748 -139
NSF Funded 3000 5000 5322 9340 5340 5408 5605 5603 5468 3532 1024 0 54642
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Totals




EVLA BUDGET SUMMARY
FY01-FY05

=— == M&S Budget
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EVLA Contributed Effort

® Current Contributed Effort ~$4 M above baseline plan.

» Approx half of this overrun is due to items not originally in baseline (schedule stretchout,
e2e computing).

» QOperations Budget may not be able to afford this overrun.

EVLA Contributed Effort Labor (FY2004)
Wages & Benefits

3000.0
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2500.0 —=8—Ops Baseline
2000.0
J 5000
1000.0

500.0

0.0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012

Project Years



& Project Contingency /l\

Very Large Array

e $500K contribution to AIPS++ in 2004/2005 covered by
descoping Education and Public Outreach (EPO).

» Current unallocated contingency is $4.3 M (~10% of cost
to complete).

* Analysis of remaining risks shows contingency at this level
could be needed (not including contributed effort overrun).

 |If contingency above this level is needed, descopes may be
required.

P.Napier EVLA Advisory Comm, 14 Dec 2004



@ PR
N2 Descopes

Very Large Array

X (8-12 GHz) Band Receiver $1.3 M
U (12-18) GHz Band Receiver $1.3 M
S (2-4 GHz) Band Receiver $1.7 M

Half IF bandwidth $4 M
Hardware and labor included in costs

Another possibility — stretch out contributed
effort.

P.Napier EVLA Advisory Comm, 14 Dec 2004



BZN  cContributed Effort (CE)
I‘R&) Stretchout i

* CE probably too high for Operations Budget to cover over next few years.

» Possible solution — reduce CE in 2005-2008 by charging more labor to construction
budget and delaying some work, then increase CE in 2009-2012 to recover.

» Risk — will the Operations Budget be able to support more CE in 2009-20127

EVLA Contributed Effort Labor (FY2004)
Wages & Benefits
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4 EVLA Construction Budget
N Labor ol

EVLA Project Labor ($k in FY2004)
Wages & Benefits
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/ e
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EVLA Staffing
Plan

WBS Task Description Year 2001| 2002| 2003 2004| 2005| 2006 2007 2008 2009| 2010| 2011] 2012|TOTAL
6.01|Project Management 1.1 2.8 2.8 3.3 3.3 3.3 3.3 3.3 3.3 0.8 0.5 0.0 27.4
EVLA FTEs' 0.85 2.5 2.5 3 3 3 3 3 3 0.75 0.5 0.0 25.1

Off Budget FTES' 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.0 0.0 0.0 2.3
6.02[System Integration & Testi 0.2 1.9 3.8 7.0 5.2 3.8 1.1 0.9 0.7 0.1 0.0 0.0 24.7
EVLA FTES' 0.0 1.1 1.6 4.4 3.1 2.5 0.1 0.0 0.0 0.0 0.0 0.0 12.7

Off Budget FTEs' 0.2 0.8 2.2 2.6 2.1 1.3 1.1 0.9 0.7 0.1 0.0 0.0 11.9
6.03[Civil Construction 0.1 2.5 8.4 6.5 7.8 4.3 2.3 2.0 0.5 0.0 0.0 0.0 34.4
EVLA FTEs' 0.0 0.9 6.5 4.9 5.5 3.5 2.0 2.0 0.5 0.0 0.0 0.0 25.7

Off Budget FTEs' 0.1 1.6 1.9 1.7 2.3 0.8 0.3 0.0 0.0 0.0 0.0 0.0 8.7
6.04|Antennas 0.3 3.0 5.1 6.8 14.4 10.9 10.6 9.9 6.5 0.0 0.0 0.0 67.5
EVLA FTEs' 0.0 1.1 2.5 3.5 7.0 7.0 7.0 7.0 4.0 0.0 0.0 0.0 39.1

Off Budget FTESs' 0.3 2.0 2.6 3.3 7.4 3.9 3.6 2.9 2.5 0.0 0.0 0.0 28.4
6.05|Front End System 1.2 5.3 9.1 10.8 13.3 13.3 12.8 12.5 10.5 7.0 5.3 3.2[ 104.3
EVLA FTEs' 0.0 1.2 3.2 4.9 6.3 6.2 6.0 6.0 5.0 2.0 2.0 0.0 42.7

Off Budget FTEs' 1.2 4.1 6.0 5.9 7.0 7.1 6.8 6.5 5.5 5.0 3.3 3.2 61.6
6.06|Local Oscillator System 0.6 2.9 3.8 4.5 3.7 3.3 2.3 2.1 2.1 0.0 0.0 0.0 25.4
EVLA FTEs' 0.2 1.3 1.8 2.5 2.0 2.0 1.0 1.0 1.0 0.0 0.0 0.0 12.8

Off Budget FTEs' 0.4 1.5 2.0 2.0 1.7 1.3 1.3 1.1 1.1 0.0 0.0 0.0 12.5
6.07|Fiber Optic System 0.6 3.7 6.8 8.1 7.0 5.5 5.5 4.5 2.5 0.0 0.0 0.0[ 442
EVLA FTEs' 0.4 2.7 3.8 4.6 3.0 3.0 3.0 3.0 1.0 0.0 0.0 0.0 24.5

Off Budget FTEs' 0.2 1.0 3.0 3.5 4.0 2.5 2.5 1.5 1.5 0.0 0.0 0.0 19.7
6.08[Intermediate Frequency S 0.1 2.6 2.8 3.5 5.3 5.1 3.4 3.4 2.8 0.0 0.0 0.0 29.1
EVLA FTES' 0.0 2.0 2.0 2.5 5.0 4.7 3.0 3.0 2.4 0.0 0.0 0.0 24.6

Off Budget FTEs' 0.1 0.6 0.8 1.0 0.3 0.4 0.4 0.4 0.4 0.0 0.0 0.0 4.5
6.09|Correllator 0.2 1.7 2.2 2.2 2.2 2.2 2.2 0.2 0.2 0.0 0.0 0.0 13.0
EVLA FTEs' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Off Budget FTES' 0.2 1.7 2.2 2.2 2.2 2.2 2.2 0.2 0.2 0.0 0.0 0.0 13.0
6.10(Moitor & Control System 1.5 8.5 11.2 10.6 10.5 10.0 9.5 9.0 8.5 1.1 0.0 0.0 80.3
EVLA FTEs' 0.0 0.8 2.2 1.3 3.5 3.5 3.5 3.5 3.5 0.0 0.0 0.0 21.8

Off Budget FTEs' 1.5 7.7 9.1 9.3 7.0 6.5 6.0 5.5 5.0 1.1 0.0 0.0 58.6
6.11[Data Mgmt & Computing 0.0 1.1 2.4 6.5 6.1 4.2 3.5 3.6 3.6 0.0 0.0 0.0 31.0
EVLA FTEs' 0.0 0.9 1.3 3.3 2.4 0.4 0.5 0.5 0.5 0.0 0.0 0.0 9.9

Off Budget FTEs' 0.0 0.2 1.1 3.2 3.7 3.8 3.0 3.1 3.1 0.0 0.0 0.0 21.1
6.12|Education & Public Outrea 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.3
EVLA FTEs' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Off Budget FTES' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.3

CURRENT FTE TOTALS 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012|Total
EVLA Project 1.4 14.4 27.4 34.9 40.7 35.8 29.1 29.0 20.9 2.7 2.5 0.0[ 238.9
Off Budget 4.3 21.5 31.0 34.8 38.0 30.0 27.4 22.4] 205 6.1 3.4 3.2 242.6
BASELINE FTE TOTALS 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012|Total
EVLA Project 2.6 21.4 29.8 32.4 24.8 22.3 20.1 17.4 10.2 0.0 181.0
Off Budget 3.5 23.8 27.1 26.9 25.9 20.8 20.4 17.6 12.4 0.0 178.4
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