
\ 

NOTICE 

s p n r o r d  by the United States Government. Neither 
the United States nor the United S t a t e  Energy 
Rescarch and Development Administration, nor m y  of 
theu employeel, nor any of their mntractorli. 
subcontractors. or their employees, maker any 
warranty. cxpreu or implied. or assumes m y  legal 
Liability 01 rewnsibility for the acfyrzcy, complettnesr 
or ukfulnen of m y  informtion. apparatus, product or 
pmacrr diulord,  or represents that i t s  use would not 

ERDA-87-1 

Techniques Handbook- 
Project Management 

Work Breakdown 
Structures 

ERDA Handbook0805.3 Part 1 

_- 
i 

U.S. Energy Research Development 
Administration 

Division Of Management Information 
& Telecommunications 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



TECHNIQUES HANDBOOK 
PROJECT MANAGEMENT 

ERDA HANDBOOK 0805.3 PART I 
WORK BREAKDOWN STRUCTURES 

PREFACE 

The ERDA Handbook on project management techniques will consist of 
nine parts, each dealing with a specific technique. The parts are: 
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Part I 
Part I1 : 

Part I11 : 

Part IV : 

Part V 
Part VI : 

Part VI1 : 

Part VI11 : 

Part IX : 

Work Breakdown Structures (WBS) 

Milestone Planning Techniques 

Network Techniques 

Line of Balance (LOB) 

GANTT Charts 
Cost/Schedule Performance Measurement 

Technical Performance Measurement 

Configuration/Data Management 

Design-to-Cost 

Each part of the handbook provides a detailed description of the 
subject technique and methodology, together with information for the 
application and implementation of the technique at the project management 
level. 

One purpose of the handbook is to provide the Project Manager with the 
essential information necessary 

o for a decision to implement a given technique on his 
project, and 

o for actual application of the technique after such 
decision has been made. 

Part I, on Work Breakdown Structures, follows this preface. 
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OVERVIEN 

INTENT 

The Work Breakdown Structure technique is primarily a project manage- 
ment planning technique which is aimed at defining, within an overall 
conceptual framework, the detailed products and work effort to be accomplished 
for successful achievement of the project objective(s). 

APPLICATION 

The WBS technique directs the attention of the ERDA project manager, 
the contractor project manager, and their respective staffs, to insuring 
that the total project effort is fully planned and that all efforts 
contribute directly to the project objectives. The technique requires 
identification of the major end items to be produced by the project 
effort. By successive subdivision of each end item into increasingly 
detailed categories and subcategories of product and work, the WBS 
defines the total project effort in terms of manageable segments (packages) 
of work which are assignable to a single unit within the performing 
organization. 

SCOPE 

The WBS technique is used to: (1) identify the major end item(s) or 
end product(s) necessary to accomplish the project objectives, (2) define 
the detailed work packages required for production of each end item, and 
( 3 )  revise, modify, or change the WBS elements as the project effort 
progresses. Once the WBS is established, it may be used in conjunction 
with other management effort and techniques to: (1) assign responsibility 
for each work package to a performing unit of the project organization, 
(2) establish plans and schedules, (3 )  allocate resources, ( 4 )  determine 
cost estimates and assessments of cost accountability, (5) assess the status 
of project effort, ( 6 )  evaluate work performance, and (7) determine 
the necessity for, and the work requirements of, reprogramming the project 
effort. 
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A ,  BASIC INFORMATION 

TERMINOLOGY 

- 2 Work Breakdown S t r u c t u r e  (WBS): The Work Breakdown S t r u c t u r e  i s  a 

product-or iented t a s k  h i e r a r c h y  of a l l  of t h e  work t o  b e  performed i n  

accomplishing t h e  p r o j e c t  o b j e c t i v e s .  The p r o d u c t ( s )  may b e  hardware,  

s o f t w a r e ,  suppor t  services, tes ts ,  documentation, o r  o t h e r  q u a n t i f i e d  

elements of t h e  p r o j e c t  o b j e c t i v e s .  The t a s k  h i e r a r c h y  h a s ,  as i t s  f i r s t  

level ,  t h e  c a t e g o r i e s  of t h e  major "end-items'' of t h e  p r o j e c t .  

cessive levels provide  i n c r e a s i n g l y  d e t a i l e d  d e f i n i t i o n  of t h e  i n d i v i d u a l  

work t a s k s  which c o n t r i b u t e  t o  t h e  product ion  of end i t e m s .  The scope 

of and t h e  number of l e v e l s  i n  t h e  t a s k  h i e r a r c h y  depend upon t h e  scope 

and complexity of t h e  i n d i v i d u a l  p r o j e c t .  Where t h e  p r o j e c t  involves  

c o n t r a c t  e f f o r t ,  t h e  p o r t i o n  of t h e  WBS r e l a t i n g  t o  t h e  c o n t r a c t  e f f o r t  

i s  developed i n  two segments; i . e . :  (1) t h e  p r o j e c t  summary WBS, and 

(2)  t h e  c o n t r a c t  WBS. 

The suc- 

C-: Pr0jer . t  Summary Work Breakdown S t r u c t u r e  (PSWBS): 

l o r e d  by p r o j e c t  management t o  t h e  s p e c i f i c  p r o j e c t  and i d e n t i f y i n g  t h e  

elements  unique t o  t h e  p r o j e c t .  Genera l ly ,  t h e  PSWBS w i l l  i d e n t i f y  pro- 

j e c t  elements through t h e  t h i r d  level.  

A summary WBS t a i -  

- 
IA Contrac t  Work Breakdown S t r u c t u r e  (CWBS): A complete WBS f o r  a con- 

t r ac t ,  developed and used by t h e  c o n t r a c t o r  i n  accordance w i t h  t h e  c o n t r a c t  

s ta tement  of work (SOW). The CWBS is  comprised o f ,  and based upon t h e  

s e l e c t e d  PSWBS elements  inc luded  i n  t h e  c o n t r a c t ,  and t h e  e x t e n s i o n s  of 

t h e s e  by t h e  c o n t r a c t o r  t o  cover t h e  lower levels of t h e  WBS. 

3 

L! Work Breakdown S t r u c t u r e  Element: Any one of t h e  i n d i v i d u a l  i t e m s  o r  

e n t r i e s  i n  t h e  WBS h i e r a r c h y ,  r e g a r d l e s s  of level.  
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Work Package: A segment of e f f o r t  r e q u i r e d  t o  complete a s p e c i f i c  

j o b ;  such as a r e s e a r c h  o r  t e c h n o l o g i c a l  s t u d y  o r  r e p o r t ,  a n  experiment 

o r  test ,  a des ign ,  a s p e c i f i c a t i o n ,  a p i e c e  of hardware,  a n  element of 

sof tware ,  a p r o c e s s ,  a c o n s t r u c t i o n  drawing, a s i t e  survey ,  a c o n s t r u c t i o n  

phase element ,  a procurement phase element,  o r  a service, which i s  w i t h i n  

t h e  r e s p o n s i b i l i t y  of a s i n g l e  u n i t  w i t h i n  t h e  performing o r g a n i z a t i o n .  

The work package i s  u s u a l l y  a n  element of t h e  lowest  l eve l  of  t h e  WBS. 

TECHNIQUES SUMMARY 

:.- The development of t h e  WBS begins  w i t h  t h e  i d e n t i f i c a t i o n  of t h e  major 

end i t e m ( s )  o r  end p r o d u c t ( s )  t o  b e  produced by t h e  p r o j e c t  e f f o r t  t o  

meet t h e  requirements  of t h e  p r o j e c t  o b j e c t i v e s .  The major end i t e m s  s o  

i d e n t i f i e d  are t h e  elements  of t h e  f i r s t  l eve l  of t h e  WBS. For many 

p r o j e c t s ,  t h e r e  may b e  b u t  one major end i t e m  c o n s t i t u t i n g  t h e  f i r s t  

l eve l  of t h e  WBS (e .g . :  a r e s e a r c h  s t u d y ;  an engineer ing  p i l o t  model 

development; a computer system, e t c . ) .  Other p r o j e c t s  may have several 

major end i tems as f i r s t  level  elements  t o  t h e  WBS (e.g.:  p r o j e c t s  pro- 

g re s s ing  through a combination of r e s e a r c h ,  development, and product ion  

phases;  p r o j e c t s  provid ing  d i v e r s e  services,  p r o d u c t s ,  o r  components t o  

a l a r g e r  p r o j e c t  o r  t o  an o v e r a l l  program; e t c . ) .  I f ,  i n  t h e  judgement 

of t h e  p r o j e c t  manager, t h e  p r o j e c t  i s  of t h e  scope and complexity t o  

warran t  i t ,  p r o j e c t  management and system test and e v a l u a t i o n  are a l s o  

i d e n t i f i e d  as f i r s t  l eve l  elements  of t h e  WBS. 

1 When t h e  f i r s t  l e v e l  WBS elements  are i d e n t i f i e d ,  each i s  subdivided 

i n t o  those  major work segments which t o g e t h e r  c o n t r i b u t e  t o  t h e  make-up 

of t h e  whole of t h e  a s s o c i a t e d  f i r s t  level  element .  These work segments 

are i d e n t i f i e d  as t h e  second leve l  elements  of t h e  WBS. For example, i f  

one of t h e  f i r s t  l e v e l  WBS e lements  i s  a p r o t o t y p e  e l ec t r i ca l  power 
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gene ra t ing  p l a n t ,  second level elements  a s s o c i a t e d  wi th  t h i s  f i r s t  l e v e l  

element would b e  t h e  major subsystems of t h e  p l a n t ,  such as t h e  prime 

power subsystem, t h e  prime e l e c t r i c a l  gene ra to r  subsystem, t h e  a u x i l i a r y  

subsystem, t h e  c o n t r o l  and in s t rumen ta t ion  subsystem, t h e  d i s t r i b u t i o n  

subsystem, etc. For t h e  example c i t e d ,  an a d d i t i o n a l  second l e v e l  ele- 

ment r e l a t i n g  t o  i n t e g r a t i o n ,  test, and e v a l u a t i o n  would a l s o  b e  r equ i r ed .  

'- The second l e v e l  e lements  are broken down t o  t h i r d ,  f o u r t h ,  e tc .  l e v e l s  

of t h e  WBS, w i th  each success ive  inden tu re  reducing t h e  scope ,  complexi ty ,  

and c o s t  of i d e n t i f i e d  lower l e v e l  WBS element.  The procedure i s  u s u a l l y  

cont inued u n t i l  an element r e p r e s e n t i n g  a manageable work package ass ign-  

a b l e  t o  a s i n g l e  o p e r a t i n g  u n i t  of t h e  p r o j e c t  o r g a n i z a t i o n  is  reached.  

However, t h e  levels of sub-indenture  may n o t ,  and need n o t ,  be  t h e  same 

i n  apply ing  t h e  work breakdown procedure t o  each of t h e  WBS elements  a t  

t h e  same l e v e l .  V a r i a t i o n s  i n  t h e  sub- leve ls  w i l l  occur  n o t  on ly  from 

one p r o j e c t  t o  ano the r ,  b u t  w i t h i n  a given p r o j e c t  depending upon t h e  

scope of t h e  p r o j e c t ,  t h e  type of e f f o r t  involved i n  each element a t  a 

g iven  l e v e l ,  t h e  o r g a n i z a t i o n a l  s t r u c t u r e  and requirements  of t h e  p r o j e c t ,  

and t h e  judgement and d e c i s i o n  of t h e  p r o j e c t  manager. 

.- . 
& _  When completed,  the WBS serves as the  basis  for assignment of the 

element and work package r e s p o n s i b i l i t i e s  t o  t h e  a p p r o p r i a t e  d i v i s i o n ,  

department ,  group, o r  u n i t  of t h e  p r o j e c t  o rgan iza t ion .  I n  conjunct ion  

wi th  o t h e r  management techniques ,  schedule ,  c o s t ,  and r e source  estimates 

can be  obta ined  f o r  each- e lement ,  s t a r t i n g  wi th  t h e  lowest  level elements .  

- .  
i , Upon completion of t h e  fo rego ing ,  procedures  f o r  p e r i o d i c  r e p o r t i n g  

and updat ing  of cost /performance s t a t u s  and p rogres s  r e l a t i n g  t o  t h e  WBS 

are e s t a b l i s h e d  f o r  i n c l u s i o n  i n  t h e  p r o j e c t  d a t a  and informat ion  r epor t -  

i ng  requirements .  Included i n  t h e s e  procedures  would b e  p rov i s ions  f o r  

c o n t r o l l i n g  and r e p o r t i n g  changes,  mod i f i ca t ions ,  d e l e t i o n s  and a d d i t i o n s  

t o  t h e  WBS. 
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RELATIONSHIP TO OTHER MANAGEMENT TECHNIQUES 

D The o t h e r  management techniques  covered i n  t h i s  Handbook are a l l  

r e l a t e d  t o  t h e  WBS technique.  Together  w i th  t h e  WBS t echnique ,  they  

provide  mutual suppor t  t o  t h e  management p lanning  f u n c t i o n ,  and t h u s  are 

complementary t o  a g r e a t e r  o r  lesser degree depending upon t h e  scope and 

complexity of t h e  p r o j e c t  on which they  may be  implemented. 

c! Miles tone  p lanning  focuses  on t h e  s e q u e n t i a l  achievement of s i g n i f i -  

c a n t  a c t i o n s  necessa ry  f o r  s u c c e s s f u l  completion of t h e  p r o j e c t  objec-  

t ives.  It p rov ides  t h e  schedules  and s e q u e n t i a l  r e l a t i o n s h i p s  among 

major a c t i v i t i e s  and e v e n t s  of t h e  p r o j e c t  e f f o r t .  The WBS provides  t h e  

i d e n t i f i c a t i o n  of many of t h e  activit ies and even t s  which w i l l  go i n t o  

development and a p p l i c a t i o n  of t h e  mi l e s tones  p lanning  technique .  

:i Network techniques  (such as PERT and CPM) d e p i c t  t h e  i n t e r r e l a t i o n -  

s h i p s  and in t e rdependenc ie s  of t h e  planned p r o j e c t  activities and e v e n t s ,  

and e v a l u a t e  t h e  c r i t i ca l  pa th  (sequence) of a c t i v i t y  complet ion,  as 

a f f e c t e d  by c o n s t r a i n t s  of t i m e  and c o s t  (and p o s s i b l y ,  r e s o u r c e s ) .  

a c t i v i t i e s  and e v e n t s  d e p i c t e d  i n  t h e  network should be  c l e a r l y  r e l a t e d  

t o  bo th  t h e  WBS and t h e  p r o j e c t  mi l e s tones .  

I-, Gantt c h a r t s ,  when used i n  con junc t ion  wi th  t h e  WBS, i d e n t i f y  i n d i -  

v i d u a l  t a s k  and j o b  o r d e r s ,  d e p i c t i n g  t h e i r  scheduled and a c t u a l  p rog res s  

a g a i n s t  t i m e .  

package" element of t h e  WBS. 

down of t h e  p r o j e c t  work t o  t h e  d e t a i l e d  t a s k s  (and manpower) of a u n i t  

o r  i n d i v i d u a l  f o r  accomplishing t h e  work package e f f o r t .  

I 

The 

P- 

They are de r ived  almost  e n t i r e l y  from t h e  lowes t  "work 

Thus, they  r e p r e s e n t  t h e  u l t i m a t e  break- 

- 
L: The Cost/Schedule Performance Measurement, Technica l  Performance 

Measurement, and Design-to-Cost techniques  emphasize t h e  review and con- 

t r o l  of s p e c i f i c  a s p e c t s  of t h e  p r o j e c t  e f f o r t ,  i.e.: c o s t ,  s chedu le ,  

t e c h n i c a l  performance. The s i z e ,  scope ,  complexity,  and type  of p r o j e c t  
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w i l l  determine t h e  a p p l i c a b i l i t y  of a given one of t h e s e  techniques  t o  

t h e  p r o j e c t ;  e.g.:  t h e  Design-to-Cost technique can r a r e l y ,  i f  e v e r ,  be  

employed on a r e sea rch  p r o j e c t .  When implemented, t h e s e  techniques ,  w i l l  

r e l y  upon d a t a  de r ived  from t h e  WBS, as w e l l  as t h e  mi l e s tones  and ne t -  

work techniques .  For example, a c o n t r a c t  WBS (CWBS) i s  fundamental  t o  

t h e  Cost/Schedule Performance Measurement, where t h e  p r o j e c t  i nvo lves  

c o n t r a c t o r  e f f o r t .  

The Conf igura t ion /Data  Management technique is  a management c o n t r o l  

method concerned w i t h  i d e n t i f i c a t i o n ,  c o n t r o l ,  account ing ,  and a u d i t i n g  

of t h e  p r o j e c t  p r o d u c t ( s ) .  When implemented on a p r o j e c t ,  e lements  of 

t h e  WBS provide  d a t a  needed f o r  product  i d e n t i f i c a t i o n  and c o n t r o l .  

- .  
, The Line of Balance (LOB) technique  provides  a means of c o n t r o l l i n g  

d e t a i l e d  and r e p e t i t i v e  product ion  p rocesses .  The a p p l i c a t i o n  of t h e  

LOB technique  i s  almost  e n t i r e l y  r e s t r i c t e d  t o  p r o j e c t s  involved i n  t h e  

product ion  and d e l i v e r y  of q u a n t i t i e s  of hardware on a time-phased 

schedule  ex tending  over  a prolonged per iod  of t i m e .  Elements of t h e  WBS 

r e l a t i n g  t o  hardware product ion  and procurement a c t i v i t i e s  can provide 

d a t a  needed t o  e s t a b l i s h  t h e  p r o j e c t  LOB implementation p lan .  

MANAGEMENT CONSIDERATIONS 

I.. The management of n e a r l y  a l l  p r o j e c t s  w i l l  b e n e f i t  from t h e  app l i ca -  

t i o n  of t h e  WBS technique.  P r o j e c t s  which are b a s i c a l l y  s i m p l e  i n  n a t u r e ,  

n o t  of long d u r a t i o n ,  nor  c a l l i n g  f o r  a l a r g e  expend i tu re  of e f f o r t  and 

r e sources ,  may n o t  r e q u i r e  a d e t a i l e d  h i e r a r c h i c a l  WBS. 

upon t h e  p r o f e s s i o n a l  judgement of t h e  p r o j e c t  manager. Good management 

p r a c t i c e  would i n d i c a t e ,  however, t h a t  an e q u i v a l e n t  d e f i n i t i o n  of spe- 

c i f i c  work elements  t o  b e  accomplished would b e  developed t o  t h e  e x t e n t  

necessary  t o  ensu re  product ion  of t h e  p r o j e c t  end i t e m ( s ) .  

This w i l l  depend 
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.... . 

. - The WBS i s  n o t  an end i n  i t s e l f .  It i s  a  t o o l  t o  be used by manage- 

ment t o  ensure the  accomplishment of t he  p r o j e c t  o b j e c t i v e s  wi th  a  mini- 

mum expenditure  of resources  and time on u n f r u i t f u l  e f f o r t .  A s  such,  

t h e  i n i t i a l  development of t h e  WBS r e q u i r e s  d e t a i l e d  e f f o r t ,  on t h e  p a r t  

of t h e  p r o j e c t  manager, suppor t ing  s t a f f ,  and subord ina te  management 

personnel .  This  w i l l  ensure  t h a t  i t  r e f l e c t s  t h e  p r o j e c t  management 

needs and o b j e c t i v e s ,  and r ep resen t s  t he  l e v e l  and way which responsi-  

b i l i t i e s  a r e  des igna ted  and work e f f o r t s  a r e  t o  be organized,  managed, 

and accounted f o r .  A s  t he  p r o j e c t  progresses ,  cont inuing management 

e f f o r t  w i l l  be  requi red  f o r  updat ing,  reviewing, and eva lua t ing  t h e  

s t a t u s  and progress  of t h e  p r o j e c t  e f f o r t  a s  def ined  by t h e  WBS. Since 

p r o j e c t  management and a c t i v i t y  i s  a  dynamic process ,  changes i n  t h e  WBS 

can be  expected t o  become necessary  a s  t h e  p r o j e c t  progresses .  Such 

changes w i l l  r e q u i r e  cons idera t ion  and dec i s ion ,  during t h e  management 

review and eva lua t ion  e f f o r t ,  a l s o .  

. "  
:, I n  t h e  development of t h e  WBS, ca re  must be  taken t o  check t h a t  t he  

WBS provides f o r  a  l o g i c a l  subd iv i s ion  of t h e  p r o j e c t  work, and t h a t  t h e  

subd iv i s ion  elements def ined  a t  each succes s ive ly  lower l e v e l  of t h e  WBS 

are complete and represent all of the effort required to complete the 

h ighe r  l e v e l  element from which they de r ive .  The development of t h e  WBS 

from t h e  top l e v e l  downward t o  t h e  success ive  lower l e v e l s  f a c i l i t a t e s  

t h i s  a u d i t  e f f o r t .  

:.- I n  developing t h e  sub leve l s  of t h e  WBS r e l a t i n g  t o  hardware and s o f t -  

ware elements,  cons idera t ion  must be  given t o  t h e  s y n t h e s i s  of t h e s e  sub- 

elements t o  produce t h e  a s soc i a t ed  upper l e v e l  element.  To provide 

assurance t h a t  t h e  syn thes i s  of t h e  sub- leve l  elements does,  i n  f a c t ,  

provide the  des i r ed  next - leve l  element,  i t  i s  usua l ly  necessary t o  

i d e n t i f y  and spec i fy  an a d d i t i o n a l  sub-element t o  t h e  WBS rep resen t ing  

t h e  t e s t  and eva lua t ion  of t he  assembled sub-elements. 
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7 7  When t h e  p r o j e c t  i nvo lves  c o n t r a c t  e f f o r t ,  t h e  p r o j e c t  WBS should  

normally be  i d e n t i f i e d  t o  t h e  t h i r d  l e v e l  i n  those  areas i n  which con- 

t rac t  e f f o r t  i s  t o  b e  provided. Subsequent lower l e v e l s  i n  t h e s e  areas 

should  be  s p e c i f i e d  i n  t h e  c o n t r a c t  as a CWBS t o  be  developed by t h e  

c o n t r a c t o r ,  s u b j e c t  t o  approval  by p r o j e c t  management. 

L The WBS prov ides  an a p p r o p r i a t e  framework f o r  management assignment 

of r e s p o n s i b i l i t y  t o  t h e  a p p r o p r i a t e  d i v i s i o n ,  department,  group, o r  

u n i t  of t h e  p r o j e c t  and/or  c o n t r a c t o r  management. I n t e r f a c e  respons i -  

b i l i t i e s  may a l s o  b e  de f ined  and/or  determined, and a s s igned  dur ing  t h i s  

management process .  

’ _  The WBS a l s o  p rov ides  a l o g i c a l  framework f o r  t h e  a p p l i c a t i o n  of o t h e r  

management techniques  i n  de te rmining  c o s t  and schedule  estimates f o r  t h e  

p r o j e c t .  Such estimates should  b e  obta ined  f o r  each e lement ,  s t a r t i n g  

w i t h  the lowest l e v e l  elements of t h e  WBS. The t o t a l  c o s t  estimates a t  a 

g iven  level should  e q u a l  t h e  aggrega te  of t h e  c o n s t i t u e n t  elements a t  

t h e  next lower l e v e l .  Although t h e  aggrega t ion  of lower element schedule  

estimates t o  t h e  nex t  upper l e v e l  w i l l  n o t  n e c e s s a r i l y  b e  a d d i t i v e  due t o  

o v e r l a p  and congruency of a c t i v i t i e s  a t  t h e  lower l e v e l s ,  they  w i l l  pro- 

v i d e  i n p u t s  f o r  u se  i n  mi l e s tone  p l ann ing ,  and d i r e c t  d a t a  f o r  use  i n  

t h e  network t echn iques  (PERT/CPM), i f  such are used by p r o j e c t  manage- 

men t . 
Repor t ing  requirements f o r  c o s t  and p rogres s  review and e v a l u a t i o n  

should  be  e s t a b l i s h e d  on a p e r i o d i c  b a s i s .  The r e p o r t s  can be  of a 

summary n a t u r e  p rov id ing  a c t u a l  c o s t  expend i tu re s  and pe rcen t  of element 

a c t i v i t y  completed t o  d a t e  f o r  each WBS element i n  p r o g r e s s ,  t o g e t h e r  

w i th  b r i e f  d e s c r i p t i o n s  of a n t i c i p a t e d  problems i f  such e x i s t .  It 

should  be  p o s s i b l e  t o  combine many of t h e  WBS, m i l e s t o n e s ,  and network 

( i f  implemented) r e p o r t i n g  requi rements  i n  a s i n g l e  r e p o r t  format.  
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B METHODOLOGY 

PROJECT APPLICATION 

I-. ... The WBS t echnique  is  a p p l i c a b l e  t o  a l l  t ypes  of p r o j e c t s ,  i . e . :  Research, 

Research and Development, Development, Hardwarelsoftware Systems, Produc- 

t i o n  Cons t ruc t ion ,  o r  o t h e r .  

and t h e  level t o  which i t  is developed w i l l  depend upon t h e  scope ,  com- 

p l e x i t y ,  and d u r a t i o n  of t h e  i n d i v i d u a l  p r o j e c t .  

The e x t e n t  t o  which t h e  technique  i s  a p p l i e d  

The elements of t h e  WBS w i l l  d i f f e r  from p r o j e c t  t o  p r o j e c t  depending 

upon t h e  t y p e  o r  p r o j e c t  and t y p e  of e f f o r t  involved .  

the types  of  work are: 

Exanples of 

D i s c r e t e  q u a n t i t i e s  of work wi th  a d e f i n a b l e  end 
product  and a c l e a r l y  r ecogn izab le  beginning  and 
end. Hardware, s o f t w a r e ,  p roduc t ion ,  and some 
development p r o j e c t s  w i l l  r e f l e c t  t h i s  ca tegory  
of WBS element.  

0 Level -of -ef for t  (LOE) work which cannot be  a s s o c i a t e d  
w i t h  a d e f i n e a b l e  end product  o r  resu l t ,  b u t  i s  
measured on ly  i n  terms of r e sources  a c t u a l l y  con- 
sumed i n  a time-phased budgeted rate of consumption. 
Typica l  examples of LOE are p r o j e c t  management, 
a d m i n i s t r a t i v e  r e p o r t s ,  s p e c i a l i z e d  p r o j e c t  and 
t e c h n i c a l  suppor t  a c t iv i t i e s ,  marke t ing ,  e tc .  
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WBS DEVELOPMENT 

1:- The f i r s t  e f f o r t  i n  t h e  development of t h e  WBS i s  t h e  i d e n t i f i c a t i o n  

of t h e  major end i t e m ( s ) ,  o r  end p roduc t ( s )  t o  r e s u l t  from t h e  p r o j e c t  

e f f o r t .  This  i d e n t i f i c a t i o n  is  normally obta ined  from the  q u a n t i f i e d  

p r o j e c t  o b j e c t i v e s ,  and examination of t h e  p r o j e c t  s t a t emen t  of work. 

i f  such e x i s t s .  These end i t e m s  become t h e  f i r s t  l e v e l  e lements  of 

t h e  WBS. 

: A s  an example, a r e sea rch  p r o j e c t  i s  t o  conduct a concept s tudy  on 

new a p p l i c a t i o n s  of e x o t i c  energy sources ,  and based upon t h e  r e s u l t s  of 

t h e  s t u d y ,  develop a computerized mathematical  model f o r  f u r t h e r  d e t a i l e d  

i n v e s t i g a t i o n .  The end i t e m s  and t h e  f i r s t  l e v e l  e lements  of t h e  WBS 

are i d e n t i f i e d  as 

0 Concept Study, 

0 Mathematical  Model. 

I n  a d d i t i o n ,  a t h i r d  f i r s t  l e v e l  element i s  i d e n t i f i e d  as 

0 P r o j e c t  Management. 

... After the first level elements are i d e n t i f i e d ,  subdiv ide  each i n t o  

t h e  l o g i c a l  major work segments a s s o c i a t e d  wi th  each. 

f i e d  as t h e  second level WBS e lements .  For t h e  r e sea rch  p r o j e c t  example, 

t h e  second l e v e l  e lements  a s s o c i a t e d  wi th  t h e  Mathematical  Model f i r s t  

level element are i d e n t i f i e d  as 

These are i d e n t i -  

0 Mathematical  Formulation 

0 Computer Program 

0 T e s t  and Evalua t ion .  
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~. - 
-- Upon completion of t h e  second level  element i d e n t i f i c a t i o n ,  each i s  

a g a i n  subdivided i n t o  l o g i c a l  work segments of reduced scope ,  complexity,  

and c o s t .  These r e p r e s e n t  t h e  t h i r d  level  WBS elements .  I n  t h e  r e s e a r c h  

p r o j e c t  example, t h e  t h i r d  level elements  a s s o c i a t e d  w i t h  t h e  second 

leve l  Computer Program element are 

0 Design, 

0 Programming, 

0 T e s t  and I n t e g r a t i o n .  

. .  Continue t h e  s u b d i v i s i o n  of each element i n t o  s u c c e s s i v e  sub- leve ls  

u n t i l  t h e  lowest  element r e p r e s e n t s  a manageable package a s s i g n a b l e  t o  

a s i n g l e  o p e r a t i n g  u n i t  of t h e  p r o j e c t  o r g a n i z a t i o n .  I n  most cases, t h e  

lowest  level  element w i l l  n o t  b e  a t  t h e  f i n e l y  d e t a i l e d  leve l  of i n d i -  

v i d u a l  work u n i t s  o r  j o b s .  These are l e f t  t o  b e  d e f i n e d  i n  Gant t  c h a r t s ,  

o r  s i m i l a r  p lanning  d e v i c e s ,  f o r  t h e  lowest  l eve l  element i n  t h e  WBS. 

._ A f t e r  t h e  WBS elements  have been developed, each element should be  

ass igned  a coded i d e n t i f i c a t i o n  symbol. A s i m p l i f i e d  decimal coding 

system i s  recommended which w i l l  l o g i c a l l y  r e p r e s e n t  t h e  WBS elements  by 

levels ,  and w i t h  t h e  a s s o c i a t e d  upper level  elements .  Alphabet ic  o r  

alphanumeric coding systems may a l s o  b e  used,  i f  p r e f e r r e d  by t h e  pro- 

j ec t  manager. 

- -  

Typica l  WBS elements  f o r  a v a r i e t y  of p r o j e c t  e f f o r t s  are provided 

i n  S e c t i o n  D. 

manager i n  t h e  development of t h e  WBS. 

These are provided as examples and guidance t o  t h e  p r o j e c t  

WBS HIERARCHY DIAGRAM 

.. ' '  . A f t e r  t h e  WBS h a s  been developed and t h e  elements  coded, a WBS h i e r a r c h y  

diagram may be  developed. F igure  1-1 shows such a diagram f o r  t h e  r e s e a r c h  
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p r o j e c t  example used above ( t h e  diagram i s  n o t  complete, b u t  i s  g iven  f o r  

purposes of i l l u s t r a t i o n ) .  The diagram w i l l  prove u s e f u l  i n  checking 

t h e  developed WBS f o r  l o g i c a l  element d e f i n i t i o n  and completeness,  and 

f o r  assignment of element r e s p o n s i b i l i t y .  
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C a IMPUJlENTATI ON 

The foregoing  methodology is  g e n e r a l l y  a p p l i c a b l e  t o  a l l  t y p e s  of ERDA 

p r o j e c t s .  I n  i t s  implementation t h e  p r o j e c t  manager w i l l  b e  guided by t h e  

needs of t h e  p r o j e c t  i n  e s t a b l i s h i n g  t h e  level  t o  which t h e  WBS i s  devel- 

oped. Many p r o j e c t s  of l i m i t e d  scope may r e q u i r e  no more than  two o r  

t h r e e  levels t o  t h e  WBS, and f o r  some of t h e s e  t h e  lowest  l eve l  elements  

may indeed b e  f i n e l y  d e t a i l e d  j o b  d e f i n i t i o n s  f o r  i n d i v i d u a l  e f f o r t .  

Other p r o j e c t s  of a complex n a t u r e  may r e q u i r e  element d e f i n i t i o n  t o  f i v e  

o r  s i x  sub- leve ls  f o r  some, b u t  n o t  n e c e s s a r i l y  a l l ,  of t h e  f i r s t  l e v e l  

e lements .  For t h e  f i r s t  c u t  a t  t h e  WBS, t h e  d e f i n i t i o n  of  e f f o r t  

by s u b d i v i s i o n  should b e  c a r r i e d  t o  t h e  lowest  l o g i c a l  level.  This  

w i l l  p rovide  a means f o r  a s s u r i n g  t h a t  no element necessary  f o r  achiev ing  

t h e  p r o j e c t  o b j e c t i v e s  h a s  been i n a d v e r t e n t l y  omit ted from t h e  o v e r a l l  

p r o j e c t  e f f o r t  . 
n I n  developing t h e  WBS, t h e  p r e p a r a t i o n  of a WBS c h e c k l i s t  w i l l  prove 

u s e f u l  t o  t h e  p r o j e c t  manager. The c h e c k l i s t  should cover such i t e m s  as: 

Based upon p r o j e c t  o b j e c t i v e s ,  Program Approval 
Document, SOW, e t c . ,  are a l l  major end i t e m s  
i d e n t i f i e d ?  

Is t h e  e f f o r t  represented  by t h e  WBS elements  
complete,  compat ible ,  and of proper  c o n t i n u i t y ?  

Does t h e  WBS r e p r e s e n t  a l o g i c a l  s u b d i v i s i o n  o f  
t h e  p r o j e c t  e f f o r t ?  

Are a l l  f u n c t i o n a l  and p r o j e c t  requirements  
s a t  is  f ied?. 

H a s  assignment of s i n g l e  r e s p o n s i b i l i t y  f o r  each WBS 
element been i d e n t i f i e d ?  
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0 Do the WBS elements insure correlation with 

- Project/contract end items? 

- Project/contract line items? 

- Required data items? 

- SOW tasks? 

0 Are all elements amenable to cost estimation 
for the specific element defined? 

0 Are all elements amenable to schedule estimation 
for the specific element defined? 

L, After the WBS has'been developed and finalized, reporting require- 
ments should be determined and procedures established. Periodic reports 

on progress of effort and cost status are necessary for management 

review, decision, and control. Techniques such as Cost/Schedule Per- 

formance Measurement, and Network Analysis provide such reports and 

opportunities for evaluation at appropriate levels. 

.rL Individual WBS's are usually developed well below the program 
budget level. However, any WBS structure used for planning and 

accumulating cost should be compatible with and coordinated with 

the ERDA budget and reporting classifications issued by the Office 

of the Controller. 

This means that the elements at the lowest level of the WBS 

should accumulate into the budget and reporting classifications 

without the need for arbitrary allocation from within an element. 
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Dm EXAMPLES OF l B S  ELEMENTS 

L Typica l  examples of WBS element h i e r a r c h i e s  are shown i n  Tables  1-1 

through 1-4. 

level  of  i n d e n t u r e  f o r  t h e  elements  of t h e  WBS; e . g . ,  t h e  n o t a t i o n  1 .0  

r e p r e s e n t s  t h e  f i r s t  f i r s t - l e v e l  element of t h e  WBS, 1.3  i s  t h e  t h i r d  

second-level  e lement ,  1 .4 .2  is  t h e  second t h i r d - l e v e l  element of t h e  

f o u r t h  second-level  e lement ,  e t c .  Although t h e  WBS h i e r a r c h i e s  are 

shown i n  t a b u l a r  form, a c h a r t  form ( see  F igure  1-1) would b e  j u s t  as 

a c c e p t a b l e  f o r  t h e  d i s p l a y  of a p r o j e c t  WBS. 

L The examples given are f o r  a s e l e c t e d  sample of p o s s i b l e  c a t e g o r i e s  of 

f i r s t - leve l  elements .  The examples of f i r s t - l e v e l  and a s s o c i a t e d  sub- 

level  elements  are n o t  in tended  t o  b e  complete o r  a l l - i n c l u s i v e .  = 
i n t e n t  of t h e  t a b u l a t i o n s  i s  t o  provide guidance,  and t o  show t y p i c a l  

p r o j e c t  WBS elements .  The s p e c i f i c  WBS elements  f o r  a given ERDA pro- 

j e c t ,  and t h e  leve l  t o  which t h e  WBS i s  developed w i l l  depend upon t h e  

type  and complexity of t h e  p r o j e c t ,  and upon t h e  needs and p r o f e s s i o n a l  

judgement of t h e  p r o j e c t  manager. 

I T h e  i d e n t i f y i n g  numbers ass igned  t o  t h e  elements  have a l s o  been used 

f o r  t a b u l a t i o n  and i l l u s t r a t i v e  purposes .  For a p a r t i c u l a r  p r o j e c t ,  t h e  

numbering assignments may be  a r b i t r a r y ,  i n  accordance w i t h  t h e  needs of 

t h e  p r o j e c t .  The use  of a decimal numbering system i s  recommended; how- 

e v e r  an a l p h a b e t i c ,  o r  an alphanumeric system may a l s o  b e  employed. 

L For some p r o j e c t s ,  WBS elements  shown as f i r s t  l eve l  elements  i n  t h e  

Tables  may be  subsumed under a n o t h e r  f i r s t  level  element of t h e  p a r t i c u -  

l a r  p r o j e c t ,  e . g . ,  a math model, o r  s o f t w a r e  system may b e  sub-elements 

of  a l a r g e r  WBS element on p r o j e c t s  which are l a r g e  i n  scope and complex- 

i t y .  I n  o t h e r  words, t h e  WBS f o r  a given p r o j e c t  i s  t o  b e  t a i l o r e d  t o  

f i t  t h e  needs of t h e  p r o j e c t  i n  a t t a i n i n g  t h e  p r o j e c t  o b j e c t i v e s .  

The t a b u l a t i o n s  u s e  a decimal n o t a t i o n  f o r  i n d i c a t i n g  t h e  

.-- 
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HARDWARE SYSTEM WBS ELEMENTS 

1.0 HARDWARE SYSTEM 

1.1 Subsystem A 

1.1.1 Sub-Assembly A-1 

1.1.1.1 Component A-1.1 

1.1.1.2 Component A-1.2 

1.1.1.x Sub-Assembly A-1 Integration and Assembly 

1.1.2 Sub-Assembly A-2 

1.1.2.1 Component A-2.1 

1.1.3 Sub-Assembly A-3 

1.1.x Sub-System A Integration and Assembly 

1.2 Subsystem B 

1.2.1 Sub-Assembly B-1 

1.3 Subsystem C 

1.x System Test and Evaluation 

TABLE 1-1 HARDWARE SYSTEM WBS ELEMENTS 
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SOFTWARE SYSTEM WBS ELEMENTS 

1.0 SOFTWARE SYSTEM 

1.1 Support Software 

1.1.1 Compiler/Assembler 

1.1.2 Data Base Control 

1.1.3 Test Support Software 

1.2 Operating System 

1.2.1 Executive 

1.2.2 I f 0  Control 

1.2.3 File Management 

1.2.4 Message Handling 

1.2.5 Central Management 

1.2.6 Mrintenance and Diagnostics 

1.3 Application Software 

1.3.1 Application Program A 

1.3.2 Application Program B 

1.4 Documentation 

1.5 System Test and Evaluation 

TABLE 1-2 SOFTWARE SYSTEM WBS ELEMENTS 
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1.5 Test Facilities 

i 

TABLE 1-3 SYSTI2-l TEST AND EVALUATION WBS ELEMENTS 
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PROJECT SUPPORT WBS ELEMENTS 

1.0 PROJECT SUPPORT 

1.1 Data 

1.1.1 Technical Manuals, Handbooks, and Documents 

1.1.2 Scientific and Engineering Data 

1.1.3 Management Data 

1.2 Operational Activation 

1.2.1 SiteIFacility Construction 

1.2.2 Site/Facility Conversion 

1.2.3 Contractor Technical Support 

1.2.4 On-Site Assembly, Installation and 
Checkout 

1.3 Product Assurance 

1.3.1 Quality Control 

1.3.2 Value Engineering 

1.3.3 Product Source Qualification 

1.3.4 Inspection 

1.4 Logistic Support 

1.4.1 Integrated Logistic Support 

1.4.2 Spares and Repair Parts 

1.5 Training 

1.6.1 Equipment 

1.5.2 Services 

1.5.3 Facilities 

1.5.4 Implementation 

TABLE 1-4 PROJECT SUPPORT WBS ELEMENTS 
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ERDA HANDBOOK 0805.3 PART I 
WORK BREAKDOWN STRUCTURES 

TECHNIQUES HANDBOOK 
PROJECT MANAGEMENT 

En SELECTED REFERENCES 

n The following selected references are listed as sources of background 
management information pertaining to the WBS technique. A number of 

the references are not specifically concerned with the WBS technique, 

per se, but illustrate the variety of activities and interests that enter 

into project planning and may be considered in the development of the 

project WBS. 

NASA NHB (Draft Copy): "Handbook for Preparation of 
Work Breakdown Structures , I 1  September 1972 

MIL-STD-881: "Military Standard: Work Breakdown 
Structures for Defense Material Items," 1 November 1968 

AMA Management Report #74: "PERT, A New Management 
Planning and Control Technique," J. W. Blood, Ed. 
American Management Assn, NY 1962 

NAVAIR AR-59B: "Guide for Preparation of Management 
Portions of Technical Development Plans and 
Solicitations , I t  1 May 1972 

MIL-STD-499A (USAF): "Military Standard: Engineering 
Management, ' I  1 May 19 74 

AFSCP 800-6: "Air Force Systems Command Manual. 
Acquisition Management: Statement of Work Preparation 
Guide , I '  14 May 1971 

AFSCP 800-3: "Air Force Systems Command Pamphlet: 
Acquisition Management: A Guide for Program Management," 
14 May 1971 

AR 70-17: "Army Regulation. Research and Development: 
System/Project Management'' 19 January 1968 

MIL-STD-1521 (USAF): "Military Standard: Technical 
Review and Audit for Systems, Equipment and Computer 
Programs," 1 September 1972 
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