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ANNEX D: WORK BREAKDOWN STRUCTURE, ASSIGNMENT OF 
DELIVERABLES AND SCHEDULE OF VALUES 

 
Work Breakdown Structure 

The ALMA Work Breakdown Structure (WBS) is a detailed description of all the tasks 
necessary to construct the instruments and software required for ALMA; to construct the 
buildings, roads, antenna foundations, utilities and infrastructure needed for the support of 
those instruments and software; to integrate the whole into a properly functioning synthesis 
array telescope on the Chajnantor site in northern Chile; and to manage the construction 
project on behalf of the two sponsoring ALMA Parties via work carried out through NRAO 
(“North America”) and ESO (“Europe”). 
 
The ALMA construction project has adopted a management structure based on the Integrated 
Product Team (IPT) concept. The IPT concept provides a method of managing tasks carried 
out across multiple organizations and locations. Each Level Onelevel-1 WBS element is 
managed by an IPT responsible for delivering the required products on time, within the 
specified cost and meeting the project requirements. The implementation of the IPT concept 
is describedin detail in the ALMA Management Plan. 
 
The ALMA WBS was derived in three steps.  First, the scientific requirements for ALMA 
were specified by the ALMA Science Advisory Committee (ASAC).  Second, a technical 
description of an array capable of meeting those requirements was outlined by the technical 
leaders of the ALMA Project in North America and Europe.  Close and frequent interaction 
was required between the ASAC and the technical project leadership to assure that the 
planned technical capabilities met the science requirement priorities.  Third, a plan for design 
and fabrication, or procurement, of all the hardware modules and subsystems was established.  
Costs were estimated for all tasks and subtasks.  The process was informed and constrained 
by the estimated resources the sponsors were intending to commit to ALMA.  The resulting 
project description was organized into the WBS which specifies in sufficient detail the tasks 
and the resources, both personnel and financial, required to realize those tasks for the 
completed project. 
 
The WBS for the ALMA construction project down to level 3 is included below.in the 
following pages.  The WBS is organized into nine level-1 tasks: 
 

1. Management/Administration (*) 
2. Site Development 
3. Antenna Subsystem 
4. Front End Subsystem 
5. Back End Subsystem 
6. Correlator 
7. Computing Subsystem 
8. System Engineering and Integration 
9. Science (*) 

 
* Note: Education and Public Outreach is a functional task of the Science IPT and Safety is a task of 

Management/Administration. 
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Assignment of Deliverables 
 
As stated in Article 2 of thisthe Agreement, NSF and ESO will make equal Valuevalue 
contributions to ALMA with the work equally and equitably shared between them.  
Therefore,using thevalues assigned to level-3 tasks, the tasksi.e., deliverables, were divided 
in a manner that (a) led to an equal assignment of value to both sides; (b) led to a division of 
equal risk to both sides, as measured by contingency, to both sides; and (c) respected 
particular institutional experience on both sides.  Thedivision of values was also informed by 
the funding schedules planned by both parties over the ten year duration ofthe construction 
project. 
 
 The resulting division of valueresulting assignment of deliverables is presented in the WBS 
for each level-3 task as a percentage division between Europe and North America.A Cost 
Summary sheet, included with the WBS, presents explicitly this same information rolled up 
to level-1.   
 
Value:  An ALMA Partner executing a particular level-3 task will receive for the successful 
completion of that task credit for the value assigned in the WBS.  The Partner has the 
discretion to carry out the task in the manner the Partner chooses to be in its best interest, but 
the value is not affected by that choice. 
 
Responsibility: Task responsibility is assigned at WBS level-2.  This is noted for each task in 
the final (right-most) column in the WBS.   The level-2 tasks are referred to as work 
packages that the responsible partner may wish to assign to one of its participating 
institutions.  Each work package is sub-divided into work elements.  These are the level-3 
tasks to which value is assigned.  Usually the work elements are assigned wholly to one 
partner or the other.  In the case of shared level-3 tasks the division of effort as 100 percent to 
one side or another is made at a still lower level.  This information is given on the individual 
ALMA Work Element sheets that are not included here. 
 
Schedule of Values 
 
Costs and contingencies were developed for each subtask of the WBS and rolled up as the 
summed costs of tasks; the task costs were subsequently rolled up as the summed Project 
cost.  The basis for the cost estimates was a bottom-up sum of the costs associated with each 
subtask of the Project-wideproject-wide WBS.  The European and North American technical 
leaders, working together, developed estimates for the entire task product tree using a 
standardproject-supplied ALMA Cost Data Sheet that asked the technical leaders to provide 
for each task: 
 

• Task description; 
• Task duration (or start and stop dates and predecessor tasks); 
• Currency used for materials, supplies and contract expense; 
• Basis of the estimate; 
• Contingency; 
• Staff Effort; 
• List of materials and estimated cost of each; 
• List of contracts and estimated cost of each; 
• Cost parameterization. 
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Personnel costs are fully burdened costs.  That is, the personnel costs include personnel 
benefits and a percentage of institutional indirect costs.  The institutional indirect cost is a 
uniform percentage derived from the major partner institutions; this is done to make the 
personnel cost independent of where the work is performed. 
 
Contingency was separately calculated for each subtask.  The contingency methodology used 
was a bottom-up computation of the sum of three separately calculated contingencies.  These 
three contingencies correspond to three different risk factors:  the technical risk (how difficult 
is the task?), the cost risk (what is the uncertainty on the cost?), and the schedule risk (how 
does this task affect the overall schedule?).  Estimators evaluated the technical, cost and 
schedule risk factors for a particular WBS task and then entered those factors in the ALMA 
Cost Data Sheets.     
 
The resulting costs and contingencies are shown on the foregoing WBS at level-3.  Where the 
costing estimates were made at a lower level, these were rolled up and displayed at level-3.  
Three cost columns are shown:  thevalue of a level-3 taskcost, computed as described above, 
the computed task contingency, and the task value which is the sum of the cost and 
contingency for each task  
that task.  An ALMA partner executing a particular level-3 task will receive for the 
successful delivery of that task credit for the value assigned in the WBS.  The partner has the 
discretion to carry out the task in the manner the partner chooses to be in its best interest, but 
the value is not affected by that choice. 
 
A summary of project costs by WBS area for theA summary of costs (in thousands of FY 
2000 dollars), contingencies, and values (in thousands of FY 2002 dollars) by level-1 WBS 
task for the construction project is given in the following Table. The Tabletable. The table 
also shows the cost breakdowndivision of values by WBS area forbetween North America 
and Europe separately. 
 

 
Schedule of Values and Cost Summary for ALMA Phase 2 Construction (Y2000 K$)

Total Project North American Tasks European Tasks
Level-1 WBS Task Cost Contingency Value CostContingency Value Cost Contingency Value

1. Management/Administration $16,470 5.1% $17,313 $8,440 5.0% $8,861 $8,030 5.3% $8,452
2. Site Development $61,154 14.6% $70,049 $23,418 14.4% $26,787 $37,736 14.6% $43,262
3. Antenna Subsystem $198,022 15.0% $227,739 $96,925 14.8% $111,299 $101,097 15.2% $116,440
4. Front End Subsystem $90,800 20.0% $108,982 $43,886 21.4% $53,291 $46,914 18.7% $55,691
5. Back End Subsystem $40,777 22.0% $49,765 $24,004 18.4% $28,416 $16,773 27.3% $21,349
6. Correlator $13,204 12.5% $14,856 $12,675 12.8% $14,294 $529 6.2% $562
7. Computing Subsystem $29,843 15.5% $34,468 $15,905 14.4% $18,199 $13,938 16.7% $16,269
8. System Eng. & Integration $18,172 10.8% $20,125 $9,358 10.4% $10,335 $8,814 11.1% $9,790
9. Science $8,721 5.2% $9,173 $4,527 5.0% $4,753 $4,194 5.4% $4,420

Total $477,163 15.8% $552,470 $239,138 15.5% $276,235 $238,025 16.1% $276,235
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