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Performance PieaslrrP~nent Sys'tem: 
Recent Systems Devel opnient and Appl i ca t i  ons 

R .  A. Rigney, Manager 
P.erf ormance Measurement Systems 

Hanford Eng ineer ing  Development L a b o r a t o r y .  
R ich1  and, Washington 

An abundance o f  management systems e x i s t  f r om  which t o  choose t he  one 
most l i k e l y  t o  so lve  t h e  problems o f  a g i v e n  p r o j e c t  o r  program. Of ten,  
t h e  most d i f f i c u l t  t a s k  i s  d e c i d i n g  which system, f r om  t h e  p l e t h o r a  
a v a i l a b l e ,  t o  u t i l i z e .  

B 
I n  t h e i r  basest  sense, most management systems a re  ex t reme ly  s i m i l a r .  
They r e q u i r e  t h a t  work be organi.zed, p l  anned, budgeted, analyzed, 
r e p o r t e d  and r e v i s e d  (as  nece s a r y ) .  What then  s u f f i c i e n t l y  d i s t i  n- 3 gu.ishes one f r om t h e  o the r  t o  :enable t h e  b e s t  s e l e c t i o n ?  

T h i s  ques t i on  faced  t he  bepartment o f  Energy (DOE) in' t h e  e a r l y  seven t i es  
-- s p e c i f i c a l l y  as i t  r e l a t e d  t o  t h e  F a s t  F l u x  T e s t  F a c i l i t y  (FFTF) p r o j -  
e c t  c u r r e n t l y  nea r i ng  comp le t ion  a t  t h e  Hanford Rese rva t i on  near 
Rich land,  Washington (U.S.A.). 

I n  1974, t h e  General Account ing O f f  i c e  (GAO) rev iewed t he  p r o j e c t  and 
made a number o f  recommendations rega rd i ng  t h e  need f o r  expanded manage- 
ment systems. I n  e a r l y  1975, c o n s i d e r i n g  t h e  GAO f i n d i n g s ,  t h e  DOE D i v i -  
s i on  r e s p o n s i b l e  f o r  t h e  FFTF p r o j e c t  dec ided t o  adapt an earned va lue  
approach t o  t he  r e a c t o r  f a c j l i t y  c o n s t r u c t i o n  env i ronment . '  

The earned va lue  approach had been developed and u t i l i z e d  by t h e  
Department o f  Defense (DOD) f o r  some of t h e i r  p r o j e c t s .  The i n c r e a s i n g  
comp lex i t y  and c o s t  o f  deve lop ing  ma jo r  weapon systems over  t h e  p a s t  25 
years  l e d  t h e  Department o f  Defense t o  develop more s o p h i s t i c a t e d  manage- 
ment systems which produced accura te  and t i m e l y  c o s t  and schedule  p e r -  
formance i n f o r m a t i o n .  The genes is  of t h e  earned va lue  techn ique  was t h e  
Navy 's  P o l a r i s  program development o f  PERT (Program E v a l u a t i o n  and Review 
Technique) and PERT/Cost i n  approx imate ly  1960. 

I n  1964, t h e  A i r  Force added t h e .  " v a l u e  earned f o r  work accompl ished" 
approach t o  p r o j e c t  cos t / schedu l  e p l a n n i n g  and c o n t r o l .  S p e c i f i c a t i o n s  
developed i n  c o n j u n c t i o n  w i t h  t h e  earned va lue  concept were, i n  e f f e c t ,  
s tandards t h a t  t he  c o n t r a c t o r ' s  i n t e r n a l  management system had t o  meet i n  
o rde r  t o . s a t i s f y  t h e  A i r  F o r c e ' s  needs. I n  1967, t h e  A i r  Force c r i t e r i a  
approach was adopted b,y a l l  t h e  m i l i t a r y  departments and t h e  concept 
evo lved i n t o  t h e  Cost/Schedule C o n t r o l  Systems C r i t e r i a  (C/SCSC) t ech -  
n ique  se t  f o r t h  i n  t h e  DOD d i r e c t i v e s  and gu ides shown i n  t h e  l i s t  o f  
re fe rences .  Thus, bor row ing  f r om t h e  Department o f  Defense, t h e  Depar t -  
ment o f  Energy adopted the  C/SCSC techn ique  and c a l l e d  i t  t h e  Per form- 
ance Measurement System (PMS). 

PMS VS CONVENTIONAL MANAGEMENT CONTROL SYSTEMS 

'To d i f f e r e n t i a t e  between t h e  PMS and a conven t i ona l  management systems 
approach, t h e  ques t i on  t h a t  was never answered by t h e  conven t i ona l  system 



. . 

was "HOW many do1 1 ars w o r t h  o f  work. was accompl ished f o r  t h e  money 
spent?'. ' . A1 though t h e  o t h e r  systems d e a l t  w i  t h  c o s t  s t a t u s  arid schecl1.11 e 
s t a t u s ,  t h e y  never l i n k e d  t h e  two t o g e t h e r .  

T h i s  l i n k i n g - p i n  i s  c a l l e d ,  i n  PMS t e r m i n o l o g y ,  t h e  earned v a l u e  o r  p e r -  
formance i n d i c a t o r .  The f o l l o w i n g  example shou ld .  h e l p  e x p l a i n  t h e  
concept  of earned va lue.  . o p ,  

. . 
. .:*". 

F i g u r e  1 shows a c o n v e n t i o n a l  &l:~,t o f  t h e  budget v e r i u s  t h e  a c t u a l  c o s t s  
" f o r  a  p a r t i c u l a r  . j o b .  What i s  4hQwn. l e a d s  one t o  b e l i e v e  t h a t  a t  t h e  

c u r r e n t  t ime ,  t h e  budget planned':$for t h e  respect- i 've t i m e  p e r i o d  i s  b e i n g  
underspent.  $!a 

! 
.'$I GURE 1 

CONVENTIONAL ANALYSIS 

GIVES INDICATION OF HOW MUCH HAS BEEN SPENT AND HOW MUCH IS LEFT 

DOES NOT INDICATE HOW MUCH HAS BEEN DONE OR IF SUFFICIENT RESOURCES 
EXIST TO COMPLETE THE REMAINING WORK. 
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Now, F i g u r e s  2 and 3 show t h e  same j o b  b u t  w i t h  t h e  earned v a l u e  i n d i c a -  
t o r  added. The t ime-phased budget ( c a l l e d  Budgeted Cost o f  Work Sched-, 
u l e d  o r  BCWS) has been p l o t t e d .  Then, t h e  l i n e  r e p r e s e n t i n g '  t h e  v a l u e  
f o r  t h e  work a c t u a l l y  per formed d u r i n g  t h e  sample p e r i o d  (Budgeted Cost 
o f  Work Performed o r  BCWP) was a l s o  p l o t t e d .  

The F e s u l t  i s  a  means f o r  measur ing schedu le  performance, i n  d o l l a r s  
w o r t h  o f  work, ahead o r  beh ind schedule.  T h i s  di .F. fers f r o m  o t h e r  systems 
where schedule  s t a t u s  i s  eva lua ted  5 r r  terms o f  t i m e  ahead o r  beh ind  
schedule  w i t h  no d o l l a r  va lue  a t tached .  As shown on F i g u r e  2, t h e  j o b  i s '  
beh ind  schedule.  
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Now, by t u r n i n g  t o  F i g u r e  3 and add ing  t h e  c u r v e  f o r  ac t 'ua l  c o s t s  ( A c t u a l  
Cost  o f  Work Performed o r  ACWP) a .compar i son  o f  a c t u a l  c o s t  (ACWP) w i t h  
t h e  v a l u e  o f  t h e  work per formed (BCWP) can be made. T h i s  , g i v e s  a c o s t  
v a r i a n c e  and shows o u r  c o s t s  a r e  under run  a n d . i n d i c a t e s  a  f a v o r a b l e  c o s t  
v a r  i ance. 

.Complet ing t h e  scenar io ,  by add ing  i n  management a n a l y s i s  o f  t h e  t o t a l  
j o b  o u t l o o k ,  i t  can be summarized t h a t  a l t h o u g h  t h e  j o b  i s  beh ind  sched- 
u l e ,  r e s o u r c e s  a r e  b e i n g  under run  and w i t h  p r o p e r  a t t e n t i o n  focused  on 
p rob lem areas i t  i s  s t i l l  p o s s i b l e  t o  comple te  t h e  j o b  w i t h i n  c o s t  and on 
schedule .  

Comparing t h i s  t o  what' was. l e a r n e d  f r o m  F i g u r e  1, where t h e r e  were no 
v i s i b l e  prah lems and under runn ing  c o s t s ,  i t  i s  ev- idenL t h a t  t h e  earned 
v a l u e  i n d i c a t o r  p r o v i d e s  a  p o w e r f u l  t o o l  f o r  a n a l y s i s .  

PMS IMPLEMENTATION ON A  PROJECTIPROGRAM 

P r e s e n t l y ,  about  t w e n t y  DOE p r o j e c t s  a r e  e i t h e r  u s i n g ,  imp lement ing  o r  
c o n s i d e r i n g  t h e  use o f  PMS t o  some degree. I n d i v i d u a l  p r o j e c t  c o s t s  f o r  
t h e s e  a p p l i c a t i o n s  range f r o m  a p p r o x i m a t e l y  $15 mi 11 i o n  t o  ove r  $ 2  b i  1  - 
l i o n .  F o r  t h o s e  c o n t r a c t s  des igna ted  f o r  PMS a p p l i c a t i o n ,  t h e  r e q u i r e -  
ments are p l a c e d  f i r s t  i n  t h c  s o l i e i t a t . i u r ~  ducument and t h e n  i n  t h e  
c o n t r a c t .  These c lauses ,  a p p r o p r i a t e  t o  t h e  system i n v o l v e d ,  r e q u i r e  t h e  
c o n t r a c t o r  t o : .  

1. E s t a b l i s h  and u s e ' a  management c o n t r o l  system i n  accordance 
w i t h  t h e  s t a t e d  requ i rements .  

2 .  Document t h e  system a.nd p r o v i d e  f o r  system change p rocess  i r ~ y .  



3. P r o v i d e  access t o  system r e c o r d s  and data .  
4. App ly  performance measurement r e q u i  rements t;o s e l e c t e d  

p rocess ing .  

C o n t r a c t o r s  respond t o  t h e  s o l i c i t a t i o n  by d e s c r i b i n g  how t h e i r  i n t e r n a l  
management c o n t r o l  systems meet t h e  .PMS r e q u i  rements. Imp1 ementa t i  on of 
PMS t o  an ongoing c o n t r a c t  i s  by c o n t r a c t u a l  agreement between DOE and 
t h e  c o n t r a c t o r .  

A f t e r  c o n t r a c t  award, t h e  c o n t r a c t o r ' s  management c o n t r o l  system i s  
rev iewed by t h e  customer (DOE) t o  v e r i f y  comp l i  ance w i t h  t h e  PMS con- 
t r a c t u a l  requ i rements .  T h i s  assures t h a t  t h e  d a t a  generated by t h e  con- 
t r a c t o r ' s  system d e p i c t  a c t u a l  c o n d i t i o n s ,  c o n t a i n  i n f o r m a t i o n  d e r i v e d  , 

f r o m  t h e  same d a t a  base as t h a t  used by the c o n t r a c t o r ' s  management, and 
c o n t a i n  c l e a r  and comprehensive prob lem analyses i n c l u d i n g  proposed c o r -  
r e c t i v e  a c t i o n .  F i g u r e  4 g i v e s  a  r e p r e s e n t a t i v e  f l o w  o f  a c t i v i t i e s  du r -  
i ng PMS implementat ion.  

FIGURE 4 

PMS IMPLEMENTATION PROCESS 

PMS CRITERIA 

I n  t h e  PMS a p p l i c a t i o n ,  a f t e r  t h e  c o n t r a c t o r  demonst ra tes compl iance w i t h  
t h e  c r i t e r i a  and r e p o r t i n g  requ i rements ,  a  f o r m a l  PMS r e v i e w  r e p o r t  i s  
p repared  t o  document t h e  rev iews  and d e s c r i b e  i n  d e t a i l  how t h e  c o n t r a c -  
t o r ' s  system c o ~ n p l i e s  w' i  th t h e  c r i t e r i a .  The r e v i e w  r e p o r t  i s  t h e  b a s i s  
f o r  DOE acceptance o f  t h e  c o n t r a c t o r ' s  management c o n t r o l  system. A  
l e t t e r  o f  system acceptance ( o r  v a l i d a t i o n )  i s  i ssued  by t h e  d i v i s i o n  
d i r e c t o r ,  and t h e  a p p r o p r i a t e  c o n t r a c t i n g  o f f i c e r  o f f  i c i a l l ' y  n o t i f i e s  t h e  
c o n t r a c t o r  o f  h i s  acceptance. A f t e r  acceptance, t h e  c o n t r a c t o r  i s  
r e q u i r e d  t o  update system ,documentat i  on, as necessary,  t o  a c c u r a t e l y  
d e s c r i b e  t h e  system. 

A memorandum o f  unders tand ing  r e f e r e n c i n g  t h c  scccp ted  system d e s c r i p t i o n  
may t h e n  be expected r e l a t i v e  t o  a p p l i c a t i o n  o f  t h e  system t o  o t h e r  DOE 
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c o n t r a c t s  which may r e q u i r e  compl iance w i t h  t h e  PMS c r . i t e r i a .  The con- 
t r a c t o r  lnsy then  respond t o  s o l i c i , t a t i o n s  f o r  po ten t . i a1  con t rac . t s  t h a t  
r e q u i r e  PMS , b y  c i t i  ng t h e  memorandu~ii o f  u n d e r s t a n d i n g  i n  h i s  p r o p o s a l .  

A f t e r  t h e  system acceptance, DOE i s  r e s p o n s i b l e  f o r  t h e  conduct  o f  s u r -  
v e i l l a n c e  a t  t h e  c o n t r a c t o r ' s  f a c i l i t y  t o  i n s u r e  t h e  c o n t r a c t o r ' s  c o n t i n -  
ued compl iance w i t h  t h e  requ i rements  o f  t h e  executed c o n t r a c t .  

? 
PMS DATA ELEMENTS 

The Performance Measurement system i s  composed o f  t h e  f o l l o w i n g  b a s i c  
i n g r e d i e n t s :  

1. A  s e t  ' o f  35 cr.' l.teri a. 
2. Use o f  a  work breakdown s t r u c t u r e  (WBS). 
3. . S o l i c i t a t i o n  and c o n t r a c t  p r o v i s i o n  f o r  PMS. 
4. A  v a l i d a t i o n  process t h a t  i n c l u d e s  an imp lementa t ion  v i s i t ,  

read iness  assessments, and, demons t ra t i  on r e v i e w  and acceptance. ' 

5. A v a i l a b i l i t y  o f  a  more f l e ' x i b l e ,  l e s s  f o r m a l  v e r s i o n  o f  t h e  
earned va lue  techn ique ,  c a l l e d  Mini-PMS, f o r  use on sma l l  
c o n t r a c t s .  

6 .  A  s e t  o f  s tandard  c o n t r a c t o r  r e p o r t s .  . ' 

7.  S u r v e i l 1  ance o f  c o n t r a c t o r  systems a f t e r  acceptance. 

I t  i s  most u s e f u l  t o  t h i n k  o f  PMS i n  a  composi te  sense -- w i t h  each phase 
of t h e  imp lementa t ion  f o l l o w i n g  t h e  n e x t  i n  a  l o g i c a l  p r o g r e s s i o n .  Thus, 
l e t  us l o o k  a t  t h e  v a r i o u s  d i v i s i o n s  o f  t h e  c r i t e r i a  ( O r g a n i z i n g ,  P lan-  
n ing ,  Budget ing,  Account ing,  A n a l y s i s  and R e v i s i o n s )  and f o l l o w  these  

' t h r o u g h  t o  t h e  end of t h e  c y c l e  as shown on F i g u r e  5. 

FIGURE 5 

PMS CYCLE 
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O r g a n i z a t i o n  ---- 

The o r g a n i z a t i o n  c r i t e r i a  r e q u i r e  t h a t  t h e  c o n t r a c t o r  p r o v i d e  f o r  c l e a r  
d e f i n i t i o n  o f  t h e  o v e r a l l  c o n t r a c t u a l  e f f o r t ,  i n c l u d i n g  ma jo r  subcon t rac -  

- .  



t o r s ,  w i t h  t h e  Con t rac to r  Work Brcakdown S t r u c t u r e  (CWBS) i d e n t i f y i n g  t h e  
subdiv . is ions o f  e f f o r t .  I n t e g r a t i o n  o f  t h e  CWUS w i t h  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  i s  r e q u i r e d  i n  o rder  t o  p r o v i d e  f o r  assignment of r e s p o n s i b i l -  
i t y  of i d e n t i f i e d  work t asks  and t o  f a c i l i t a t e  performance measurement. 
A d d i t i o n a l l y ,  i n t e g r a t i o n  o f  t h e  p l ann ing ,  schedu l ing ,  budget ing,  work 
a u t h o r i z a t i o n  and da ta  accumulat ion system i s  a  c r i t i c a l  element i n  
imp1 ementat i on of an e f f e c t i v e  management c o n t r o l  system i n  compl i ance 
w i t h ,  t h e  o r g a n i z a t i o n  c r i t e r i a .  

P lann ing  and Budge t i ng  

A1 1  t he  c o n t r a c t u a l l y  au tho r i zed  work must be planned, scheduled, bud- 
geted, and au tho r i zed  by t h e  c o n t r a c t o r .  Es tab l i shment  o f  t h e  c o n t r a c t o r  
performance base l i n e  i s  based on scheduled c o s t  accounts suppor ted by .. 

work packages, and i s  t h e  key  i n  p r o p e r l y  plann. ing and budge t ing  the .  con- " . 

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

Another impor tan t  aspect o f  t h e  p l a n n i n g  and budget i ng group o f  c r i t e r i a  
i s  t h e  reqy i rement  f o r  a  d i s c i p l i n e d  schedu l i ng  system t h a t  i n c l u d e s  
t r a c e a b i l  i t y  f o r  t o p  1  eve1 schedules down th rough  i ntermedi  a t e  networks 
t o  d e t a i l e d  work package p l ans .  T h i s  schedule  h i e r a r c h y  i s  shown on 
F i g u r e .  6. 

F I G U R E  6 

SCl l lOULE SYSTEM I l l E R A R C l l Y  

Accoun t ing  

P r o j e c t  cos t  and performance measurement da ta  e l  ements a re  surnmari zed 
f rom t h e  bot tom up as d i r e c t l y  as p o s s i b l e  w i t h o u t  a l l o c a t i o n s .  Costs o f  
m a t e r i a l s  a re  handled on an a p p l i e d  c o s t  bas i s ,  i f  p o s s i b l e ,  i n  o rde r  
t h a t  t h e  c o s t  o f  work does no t  i n c l u d e  c o s t  o f  m a t e r i a l s  on. o rde r  o r  i n .  
i n ven to r y .  A c e r t a i n  amount o f  l a t i t u d e  i s  p rov i ded  i n  t h i s  requ i rement  
depending on t h e  k i n d  and amounts o f  m a t e r i a l  i n vo l ved .  Procedures a re  
r e q u i r e d  f o r  i d e n t i f y i n g  overhead t o  t he  i n c u r r i n g  o r g a n i z a t i o n s .  

A n a l y s i s  

I n c o r p o r a t i o n  o f  changes au tho r i zed  by t h e  government and those due t o  
contractor i 1.1ter.rld1 rep1 anning and f ormal reprogramming a re  covered by 



t hese  c r i t e r i a .  P a r t i c u l a r  emphasis i s  p l a c e d  on the need t o  r e t a i n  a  
meani n g f u l  per formance measure~~ ie r~ . t  base 1  i ne. O ther  r e q u i  re l t~en ts  i n c l u d e  
r e c o n c i l i a t i o n  o f  e s t i m a t e d  c o s t s  a t  c o m p l e t i o n  w i t h  c o n t r a c t  funds  
r e q u i r e m e n t s  r e p o r t s  and p r o j e c t  management access t o  d a t a  f o r  system 
e v a l u a t i o n s  and s u r v e i l  1  ance. 

Under Mini-PMS, t h e  c o n t r a c t o r ' s  management c o n t r o l  system i s  n o t  
r e q u i r e d  t o  comply w i t h  the'PMS c r i t e r i a .  As a  minimum, t h e  c o n t r a c t o r ' s  
systerr~ i s  expected t o  p r o v i d e  a  f ramework f o r  d e f i n i n g  work, a s s i g n i n g  
work r e s p o n s i b i l i t i e s ,  e s t a b l i s h i n g  budgets ,  c o n t r o l l i n g  d i r e c t  and 
i n d i r e c t  c o s t s ,  and summariz ing w i t h  r e s p e c t  t o  p lanned ve rsus  a c t u a l  
accompl ishments t h e  c o s t ,  schedule ,  and r e l a t e d  t e c h n i c a l  accompl ishment 
i n f o r m a t i o n  f o r  management purposes.  The syste111 c h d r a c t e r i s t i c s ,  l i k e  
t h e  PMS c r i t e r i a ,  r e f l e c t  a  good common serlbe approach t o  c o n t r a c t  man- 
agement . 

A group o f  r e l a t e d  r e p o r t s  i s  used i n  c o n j u n c t i o n  w i t h  c o n t r a c t  p e r f o r m -  
ance measurement. These r e p o r t s  a r e  t h e  Cos t  Per formance R e p o r t  (CPR), 
t h e  Cost /Schedule  S t a t u s  Repor t  (USSR) ,  t h e  Schedule S t a t u s  R e p o r t  
(SSR), and t h e  C o n t r a c t  Funds S t a t u s  R e p o r t  (CFSR). The C/SSR i s  t h e  one 
r e p o r t  s p e c i f i c a l l y  des igned f o r  Mini-PMS; i t  r e p l a c e s  t h e  CPR used w i t h  
PMS. Other  CPR f o r m a t s  p r o v i d e  f o r  WBS, f u n c t i o n a l ,  base l i n e  and man- 
power r e p o r t i n g .  and v a r i  ance/problem a n a l y s i s .  

The c o n t e n t s  o f  t h e s e  r e p o r t s  a re  o b t a i n e d  f r o m  t h e  same d a t a  base t h a t  
s u p p o r t s  day- to-day c o n t r a c t  management and p r o v i d e  t h e  means o f  r e p o r t -  
i n g  summary l e v e l  c o s t ,  schedu le  and f u n d i n g  d a t a  f r o m  c o n t r a c t o r s  f o r  
p r o j e c t  management purposes, i n c l u d i n g  p r o j e c t  s t a t u s  r e p o r t i n g  t o  upper 
DOE management. These r e p o r t s  a re  p l a c e d  on c o n t r a c t  t h r o u g h  t h e  use o f  
d a t a  i t e m  d e s c r i p t i o n s  t h a t  c o n t a i n  i n s t r u c t i o n s  r e g a r d i n g  t h e  l e v e l  o f  
d e t a i l  and f r e q u e n c y  o f  r e p o r t i n g .  

Norma l l y ,  c o n t r a c t  r e p o r t i n g  i s  a t  L e v e l  3 o f  t h e  CWBS. A l t h o u g h  DOE 
r e l i e s  on summarized d a t a  i n  t h e s e  r e p o r t s  f o r  c o n t r a c t  management, 
d e t a i l e d  d a t a  may be reques ted  f o r  p rob lem areas.  The c o s t  and schedu le  
r e p o r t s  a r e  u s u a l l y  r e c e i v e d  m o n t h l y  by  t h e  government, w i t h  t h e  f u n d s  . . 

s t a t u s  r e p o r t  g e n e r a l l y  b e i n g  a  q u a r t e r l y  cu r lb rac to r  submiss ion.  

Per formance Measurement .Data  E l  erlrerlts 

Fo r  per formance measurement purposes, a un ique  s e t  o f  d a t a  elements i s  
genera ted  t h a t  t h e  c o n t r a c t o r  uses i n t e r n a l l y  f o r  management and e x t e r -  
n a l l y  f o r  c o n t r a c t  per formance r e p o r t i n g .  T a b l e  A  l i s t s  t h e  d a t a  
e lements  and T s b l e  B d i s p l a y s  l t l e i r  relationship. 

A c t u a l  Cost  o f  Work Performed (ACWP) c v r ~ s i s t s  o f  d i r e c t  and a l l o c a t e d  
i n d i r e c t  c o s t s  a p p l i c a b l e  t o  t h e  c o n t r a c t .  The Budgeted Cost  f o r  Work 
Scheduled (BCWS) i s  t h e  t ime-phased budget  p l a n  (base  l i n e )  wh ich 
r e p r e s e n t s  t h e  c o n t r a c t  work p l a n .  The Budgeted Cost  f o r  Work Per formed 
(BCWP), t h e  "earned v a l u e "  o r  t h e  "p lanned  v a l u e  o f  work accompl ished",  
r e p r e s e n t s  t h e  v a l u e  o f  completed work. 



1; TABLE B 

INTERPRETATON 'OF BCWS/BCWP/ACWP RELATIONSHIPS 

Schedule Cost  
V a r i  ance Var iance  

BCWS BCWP ACWP - - DESCRIPTION 

On Schedule 
On Schedule 
On Schedule 
Ahead o f  Schedule 
Ahead o f  Schedule 
Ahead o f  Schedule 
Beh ind  Schedule 
Behind Schedule 
Behing Schedule 

Schedule Var iance  = BCWP - BCWS 
c o s t  V a r i  ance = BCWP' -. ACWP 

INTERPRETATION OF BACIEAC RELATIONSHIPS 

A t  C o m ~ l e t i o n  Var iance  

On Cost  
Under Cgst 
Over c d s t  
On Cost 
Over Cost 
Under Cost  
Under Cost  
Over Cost 
On Cost 

.BAC - E AC DESCRIPTION 

F o r e c a s t  On Budget 
Forecas t  Underrun 
F o r e c a s t  Overrun 

A t  Completi 'on Var iance  = BAC - EAC 

TABLE C 

BCWP EARNING METHODS 

Measured E f f o r t :  
- M i  1 es tone 
- . Pe rcen t  Complete 
- . M o d i f i e d  M i l e s t o n e / P e r c e n t  Complete. 
- E q u i v a l e n t  U n i t s  

L c v e l  o f  E f f o r t  
Appor t ioned  E f f o r t  , . 

RECENT PMS APPLICATIONS 

As ment ioned p r e v i o u s l y ,  t h e  f i r s t  p r o j e c t  on which DOE a p p l i e d  t h e  
earned va lue  concept  was t h e  FFTF P r o j e c t .  D e t a i l s  o f  t h i s  a p p l i c a t i o n  
i n c l u d e :  



P r o j e c t :  Fas t  F l u x  Tes t  F a c i l i t y  ( r e a c t o r  f a c i l i t y  t o  t e s t  f u e l s  
and m a t e r i a l s  for 1 i q u i d  m e t a l  f a s t  b reeder  r e a c t o r  power p l a n t s )  
L o c a t i o n :  Han fo rd  ~ e k e r v a t i o n ,  R ich1  and, Washington (U.S.A. ) 
Cost :  $647 m i l l ' i o n  
Schedule:  S t a r t  i n  1967 : c o m p l e t i o n  i n  August ,  1978 
C o n t r a c t o r s :  West i  nghou'se-Hanf ord ;  West i  nghouse Advanced Reac to r  
D i v i s i o n ;  and B e c h t e l  
M i  d -s t ream imp1 ernenfahi on o f  earned va lue  system 
P r e l  i m i n a r y  e v a l u a t i o n :  March and October ,  1975 
Demons t ra t i on  r e v i e w  i n  February ,  1976 
I n i t i a l '  system January, 1976, F i n a l  System June, 1976 
System extended t o  t o t a l  program October .  ,1976 

T h i s  a p p l i c a t i o n  se rved  as a p i l o t  t e s t  a l t h o u g h  normal v a l i d a t i o n  was 
n o t  sought.  The c o s t / s c h e d u l  e per formance i n f o r m a t i  on produced b y  PMS i s  
an i m p o r t a n t  e lement  i n  t h e  management o f  FFTF. 

The second DOE a p p l i c a t i o n  o f  PMS was 'on t h e  CRBRP P r o j e c t .  The f u l l  PMS 
i s  b e i n g  implemented, w i t h  f o u r  c o n t r a c t o r s  v a l i d a t e d  t o  'date (A tomics  
I n t e r n a t i o n a l ,  west inghouse, Burns & Roe, and Genera l  E l e c t r i c ) .  PMS 
r e p o r t s  p r o v i d e  i n f o r m a t i o n  wh ich  i s .  i n c l u d e d  i n  b r i e f i n g s  t o  t h e  O f f i c e  
o f  t h e  S e c r e t a r y  o f  Energy. D e t a i l s  o f  t h e  PMS a p p l i c a t i o n  on t h e  CRBRP 
P r o j e c t  i n c l u d e :  

P r o j e c t :  C l i n c h  R i v e r  Breeder  Reac to r  P l a n t  ( l a r g e  s c a l e  l i q u i d  
m e t a l  f ast-breeder reacTor  d e m o n s t r a t i  07 power p l a n t )  
L o c a t i o n :  Oak Ridge, Tennessee 
Cost :  $2.3 b i l l i o n  
Schedule: S t a r t  i n  1973; c o m p l e t i o n  (under  r e v i e w )  
C o n t r a c t o r s :  West inghouse Advanced R e a c t o r  D i v i s i o n ,  PA; sub- 
c o n t r a c t o r s :  General  E l e c t r i c  - Sunnyvale,  CA, Atomics  
I n t e r n a t i o n a l  - Canoga Park,  CA, West inghouse ARD; Burns & Roe, 
O r a d e l l ,  NJ; Stone & Webster E n g i n e e r i n g ,  B o s t o n -  MA 
F i r s t  c o n t r a c t o r  r e p o r t s :  October,  1975 
C o n t r a c t o r  systems o p e r a t i o n a l  : A p r i l ,  1976 
V a l i d a t i o n s  comple ted i n  1978 

Two o t h e r  p r o j e c t s  a t  t h e  H i m f o r d  Engi  n e e r i  ng Deve l  opmcnt L a b o r a t o r y  
(HEDL) a l s o  u t i l i i n g  PMS are  t h e  FMEF and FMIT, d e t a i l e d  below: 

FMEF 

P r o j e c t :  Rescoped F u e l s  and M a t e r i a l s  Examina t ion  F a c i l i t y  
( F a c i  1 i ty-f o r  h a n d l i n g  and exzmi n a t i o n  of- f  u l l  s i z e  f u e l ,  
m a t e r i  a l s  and absorber  assembl ies  i r r a d i a t e d  i n  FFTF, . f u e l  
f a b r i c a t i o n )  

'0  L o c a t i o n ;  Han fn rd  R ~ q ~ r \ ~ ? \ t i o n  R ich land ,  Washington ( U i 5 . A . )  
Cost :  $170 m i l l i o n  ($221.7 m i l l i o n  t o t a l )  
Schedule:  S t a r t  i n  January  1978; c o m p l e t i o n  i n  March 1983 
C o n t r a c t o r s :  West i  nghouse-Hanford 

\- . .. Norman Eng ineer ing ,  A r c h i t e c t  - Engineer  
&stem designed: October  1976 
T r i a l  r e p o r t i n g :  F e b r u a r . ~  - A p r i l  1977 
(SSR) Schedule S t a t u s  Repor t  - January  1978 

' e Comprehensive m o n t h l y  s t a t u s  r e p o r t  - F e b r u a r y  1978 
<.' 



DOE r e a d i  ncss r e v i e w  - F e b r r ~ a r y  1.378 . I n i t i a l  p r o j e c t  f u n d  s t a t u s  r e p o r t  - May 1978 
DOE system v a l i d a t i o n  - June 1978 

P r o j e c t :  Fus ion  M a t e r i a l s  I r r a d i a t i o n  T e s t  f a c i l i t y  
0 L o c a t i o n :  H a n f o r d  R e s e r v a t i o n ,  R i c h 1  and, Washington 

Cost :  83 m i l l i o n  ( t a r g e t )  
. C o n t r a c t o r s :  A r c h i t e c t  - Eng ineer  

C o n s t r u c t i o n .  manager 
C o n s t r u c t o r ( s )  
Los A1 amos ( a c c e l e r a t o r  d e s i g n )  

Components: A c c e l e r a t o r  30 m i l l i o n  
T a r g e t  system 11 m i l l i o n  
2 I r r a d i a t i o n  t e s t  c e l l  .. f a c i l i t y  . 18  m i  1 , l i o n  

A t  t h i s  p o i n t ,  a l l  a c t i v t t i e s  a t  HEDL a r e  u t i l i z i n g  PMS -- t h i s '  i s  t h e  
f i r s t  and o n l y  t o t a l  l a b o r a t o r y  a p p l i c a t i o n  o f  t h e  system a t  t h i s  t i m e .  
The f i r s t  1  a b o r a t o r y  C o n t r a c t o r  Performance Repor t  (CPR) was i s s u e d  on 
A p r i l  30, 1979. 

CONCLUSIONS 

I n  a d d i t i o n  t o  t h e  p r o j e c t s  d e t a i l e d  above' t h e  PMS ( o r  C/SCSC) has a l s o  
r e c e n t l y  been u t i l i z e d  on an i n t e r n a t i o n a l  b a s i s .  The U n i t e d  S t a t e s  Army 
Corps o f  Eng ineers  i s  c u r r e n t l y  u t i l i z i n g  C/SCSC, f o r  t h e  f i r s t  t ime,  on 
t h e  K i n g  K h a l i d  M i l i t a r y  City P r o j e c t  i n  Saudi  A r a b i a  expected t o  exceed 
$5 b i l l i o n  and have a  c o n s t r u c t i o n  d u r a t i o n  o f  t e n  y e a r s .  T h e i r  m i s s i o n  
i s  t o  p r o v i  de compl e t e  eng i  n e e r i  ng and c o n s t r u c t i  on management s e r v i c e s  
f o r  des ign,  c o n t r a c t i n g  and c o n s t r u c t i o n  . o f  c e r t a i n  f a c i l i t i e s  f o r  t h e  
m i l i t a r y  f o r c e s '  o f  t h e  Saudi  Arab' i  an government. T h e i r  exper ience  t o  
d a t e  was s u m a r i z e d  as h a v i n g  been b e n e f i c i a l  t o  t h e i r  work a t  t h e  
p r o j e c t .  S p e c i f i c a l l y  t h e  f o l l o w i n g  areas were no ted  as b e i n g  e x t r e m e l y  
u s e f u l :  a u t h o r i z a t i o n  o f  work, i n s i s t a n c e  on use o f  a  WBS, and deve lop-  
ment of a  m a t r i x  t o  be a p p l i e d  t o  comple ted work i n  p r o v i d i n g  an award 
f e e  index .  



The PMS was a l s o  u t i l i z e d  a t  t h e  Tokamak Fus ion  Tes t  Reactor  (TFTR) --  a  
U.S. DOE magnet ic  f u s i o n  energy r e s e a r c h  p r o j e c t .  T h i s  i s  bc i ng  con- 
s t r u c t e d  a t  P r i n c e t o n  U n i v e r s i t y  and i s  c i t e d  as b e i n g  p o s s i b l y  the. f i r s t  
t i m e  a  r i g i d l y  s t r u c t u r e d  earned v a l u e  system has been a p p l i e d  t q  . t h e  
c o n s t r u c t i o n  o f  a  s c i e n t i f i c  dev ice .  The imp lementa t ion  was complcicated 
due t o  t h e  e f f e c t  o f  n i n e  p a r t i c i p a n t s  b e i n g  i n v o l v e d  w i t h  TFTR. 'The 
b e n e f i t  o f  PMS t o  t h e  TFTR was g i v e n  as: encouragement o f  management by  
e x c e p t i o n ;  and, enablement o f  prob lem areas t o  be focused on a t  t h e  
f o u r t h  l e v e l  o r  lower by management i n  a  c o s t  e f f e c t i v e  manner. 

I n  a  summary form, o t h e r  c o n t r a c t o r s  1  i s t  t h e  f o l l o w i n g  b e n e f i t s  f r o m  PMS: 

1. 1mproved o p e r a t i o n a l  d i s c i p l i n e .  
2. Added dimension o f  earned va lue.  
3. ' Improved p l a n n i n g .  
4. B e t t e r  communication i n t e r n a l l y  and w i t h  t h e  customer.  
5. More d e t a i l e d  and e a r l i e r  program v i s i b i l i t y .  
6. . I nc reased  c o s t  and schedule  awareness a t  lower  management l e v e l s .  

Imp lementa t i  on o f  PMS/Mini-PMS . is  a  w o r t h y  goa l  f o r  b o t h  t h e  government 
and t h e  c o n t r a c t o r .  Each system p r o v i d e s  management f l e x i b i l i t y  t o  p r o -  
j e c t  p a r t i c i p a n t s  and er'lcourages r e f i  nements and i n n o v a t i o n s  t o  opera- 
t i o n a l  systems. Success fu l  and expeditious~implementaton promotes 
e f f e c t i v e  p r o j e c t / c o n t r a c t  managements and enhances communi c a t i  on amoung 
p r o j e c t  p a r t i c i p a n t s  by  use o f  s tandard  t e r m i n o l o g y  t o  d e s c r i b e  c o n t r a c t  
and p r o j e c t  performance. 

FUTURE OF PMS 

The p a s t  years  have shown t h a t  t h e r e  i s  an i n c r e a s i n g  pkessure on a l l  
government c o n t r a c t o r s  f o r  more e f f  ecti.,ve p e r f  ormance measqrement -- and 
t h i s  has l e d  t o  inc reased  requ i rements  ' f o r  t h e  a p p l i c a t i o n  o f  PMS. 

C u r r e n t  d i s c u s s i o n s  show t h a t  n o t  o n l y  i s  i t  a  system t h a t  i s  b e i n g  
e f f e c t i v e l y  employed i n  t h e  U n i t e d  S ta tes ,  b u t  a l s o  one b e i n g  cons ide red  
on an i n t e r n a t i  ona l  b a s i s .  
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