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c. I 

NOTICE : The proj ec t that i s  the subj ec t o f  this  report was approved 
by the Governing Board of the Nat iona l Re search Counc i l , whose members 
are drawn from the counc i ls o f  the Nat iona l Academy o f  Sc iences , the 
Nat iona l Academy of  Engineering , and the Ins t i tute of Med ic ine .  The 
members of the commi t tee respons ible for the repor t were chosen for 
the i r  spec i a l  competence s and with regard for appropr iate ba lance. 

Thi s  report has been reviewed by a group o ther than the authors 
cons i s t ing o f  members of  the Nat iona l Academy o f  Sc iences ,  the 
Nationa l Ac ademy o f  Eng ineer ing , and the Ins t i tute o f  Medic ine . 

The Nat iona l  Re search Counc i l  wa s e s t ab l i shed by the Nat iona l 
Academy of  Sc iences in 1 91 6  to  as soc iate the b road communi ty o f  
sc ience  and techno logy w i t h  the Ac ademy ' s  purposes o f  furthering 
knowledge and of advis ing the tedera l government � The Counc i l  
operates i n  accordanc e with �enera l po l ic ies  determined by the Academy 
under the authority o f  i t s  congres s iona l charter of 1 863 , which 
es tab l i she s the Ac ademy as  a private , nonpro f i t , s e l f-governing 
membership corporat ion .  The Counc i l  has become the princ ipal 
operat ing agency o f  both the Nat iona l Ac ademy o f  Sc iences and the 
Nat iona l Academy of Engineer ing in the c onduc t of the i r  services  t o  
the government , t h e  pub l ic , and the sc ient i f ic and engineer ing 
commun1t 1es . It is admini stered j o int ly by both Academies and the 
Ins t i tute of Medic ine . The Nat iona l Academy of Engineer ing and the 
Ins t i tute of Med ic ine were e s tab l i she d in 1 9 64 and 1 970 , respec t ive ly , 
under the char ter o f  the Nat iona l  Academy o f  Sc iences . 

This study was supported by Cont rac t NASW-35 1 1  between the 
Nat iona l Ac ademy of  Sc iences  and the Nat iona l  Aeronautics  and Space 
Admini s t rat ion . 

Cop ie s ava i lab l e  from : 

Commi t tee on NASA Sc ient i f ic and Techno logical  
Program Reviews 

Na t iona l Research Counc i l  
2 1 0 1  Cons t i tut ion Avenue , NW 
Washington , DC 204 1 8  

Pr inted in the Uni ted S tates o f  America 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .
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Preface 

The Commit tee on NASA Sc ient i f ic and Techno log ica l .Program Rev iews 
was c reateu by the Nat ional Research Counc i l  in June l �Hl as a resu l t  
of a reque s t  b y  the Congres s  ot the United S tates to  the Na t iona l 
Aeronau t i c s  and Space Admini s t rat ion that i t  e s tabli s h  an ongo ing 
re lat ions hip with the Nat iona l  Ac ademy of Sc iences anu the Nationa l 
Academy o f  Eng ineering tor the purpose o t  provid ing an independent , 
obj ect ive review of  the sc ient i f ic and techno logica l me r i t s o f  NASA 
programs whenever the Congres s iona l Commi t tees on Appropriat ions so 
d irec t . l 

To date  f ive tasks have been undertaken . 2-6 The s ixth tas k ,  
which i s  the subj ec t of this  report , resu l te d  from a reque s t  by the 
House Commit tee on Appropri at ions to the NASA Admini s t rator in l ate 
Apr i l  1986 for an examinat ion o f  spac e  shut t le fl i ght rates and 
ut i l izat ion fo l l owing t he loss  o f  the Orb iter  Chal lenger (Append ix A). 

!congre s s iona l Conference Repor t  �b-l47b,  November 21, 1 ��0 . 

2Nat ional Re search Counc 1 l, The Internat iona l So lar Po lar Mis s ion--A 
Review and As s e s sment of Opt ions , 1 9Hl , Nat ional Ac ademy Pres s ,  
Was h1ngton , D . C .  

3Nat iona l Research Counc il,  Aeronau t i c s  Re search and Techno lofiy--A 
Review of  Proposed Reduc t ions in the FY 1983 NASA Program ,  l9 2 ,  
Nat iona l Ac ademy Pres s ,  Was hington ,  D.C. 

4Nat iona l Researc h Counc i l , As ses sment o f  Cons traint s on S pace 
Shut t le Launch Rate s ,  1 9H3 ,  Nat iona l Academy Pre s s , Washington, D . C .  

5Nat ional Re search Counc i l , Review o f  NASA ' s Numerical Ae rodynamic 
S imulat ion Program , 1 984 , Nat 1onal Ac ademy Pre s s , Was h1ngton , D . C .  

6Nat iona l ke search Counc i l , As ses sment o f  Cand idate Expend ab le  
Launch Vehic les  for  Large Payloads , 1984, Nat 1onal Ac ademy Pres s ,  
Washington , D . C .  

v 
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At i t s  mee t ing on May 16, 1 986, the Commi t tee nominated a pane l to  
undertake the task. The areas of  expertise  sought inc luded launch 
vehic le systems, a i r l ine operat ions , propu l s ion systems , aero space 
log i st ic s, and user requirement s--space stat ion , mi l i tary , s pace 
sc ience and app l icat ions, and commerc ial . 

In appoint ing such a group o f  ind ividua l s  to  make sc ient i f ic and 
technical  asse ssment s,  it is e s sent ial  that mos t  have a high degree of  
knowledge in the subj ec t  o f  the study . S ince such ind ividua l s  may 
appear to have a potent ial for bias , every e f fort was made t o  achieve 
a balance in background s and a t t i tude s  of the pane l i s ts in o rder to 
present as obj ec t ive a report as poss ib le .  

The short per iod dur ing which the review had t o  be undert aken put 
severe demands on the Chairman and members of th� pane l , who deserve 
much credi t  for the i r  effec t ive and t ime ly response . 

Norman Hackerman 
Cha irman , Commit tee on NASA 

Sc ient i f ic and Techno log ica l 
Program Rev iews 

v i  
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Introduction 

Background 

The s pace shut t le had 24 suc ce s s fu l  fl ight s beginning with the 
Orb iter Co lumb ia in 1 9 8 1  unt i l  the Cha l lenger acc ident on January 28, 
1 986 . The Cha l lenger loss  causea a genera l  rea s s e s sment o f  the s pace 
shut t le program. 

The Pres ident ia l Commi s s ion on the S pace Shut t le Cha l lenger 
Acc ident in i t s  report made severa l recommendat ions that inc luded a 
redes 1gn o f  the S o l id Rocke t Motor , a rev iew of  c r i t ical  i t ems in 
shuttle component s , and several  aspec t s  o f  safety.  NASA formed a 
large numbe r  of in-house and contrac tor teams t o  rev iew technic a l , 
operat iona l , and management a s pe c t s  of the s pace shut t le program. 

Af ter an ant icipated resumpt ion of s pace shu t t le fl i ghts  in J u l y  
1 987, NASA l a t e r  announced a pos tponement o f  the launch targe t date  t o  
the f ir s t  quarter o f  1 988. 

The Air Force announce d  that it wou ld no t be us ing i t s  Vandenberg 
Launch S ite  for the space shut t le before 1992. Furthermore , it 
present l y  has a program for produc t ion and deve lopment of  expendab le 
l aunch veh ic les  with orders for 23 Titan IVs (forme r l y  known as  Titan 
34D7s ) and plans for med ium launch vehic les  ( MLVs ). 

On Augus t 15, 1 986 , Pres ident Reagan announced tha t  a fourth 
Orbi ter wou l d  be built to replace Cha l lenger and that the s pace 
shut t le wou ld no longe r  be used t o  launch commerc ial  payloads . 

The pre sent s tudy i s  in response t o  a Congre s s iona l  reque s t  in the 
aftermath o f  the Cha l lenger acc i dent , for an assessment o f  pos s ib l e  
space shut t le f l ight rate s  and the i r  implicat ions in respe c t  t o  
payloads and the need f o r  expendab le launch vehic l e s .  

Approach of the S tudy Pane l 

The ad hoc panel me t on Ju l y  21-22 and Augus t  11-12, 1986 , a t  the 
Nat iona l  Academy o f  Sc iences  in Washington , D . C .  In add i t ion , 2 pane l 
members vis i ted the J ohnson S pace Center  ( JSC) and 3 v i s i ted the 
Kennedy S pace Center ( KSC) in connec t ion with informat ion pre sent ed t o  
the ent ire pane l .  Members a lso  me t with  Admira l Richard H. Tru l y, 
As soc iate Admini s t rator for S pace F l ight, a t  NASA headquarters.  

Dur ing the meet ings , b r ie f i ng s  were pre sented b y  NASA personne l 
from the Off ice o f  S pace F l ight and the O f f ice of  the S pace S ta t ion , 

1 
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2 

JSC , the Marsha l l  Space F l ight Center ( MSFC), and KSC , as  we l l  as 
cont rac tors from Mart in Marie t t a  Externa l  Tank D ivis ion, Rockwe l l  
Internat iona l  Corporat ion ,  Rocke tdyne , the Lockheed Space Operat ions 
Company , Grumman, and Morton Thioko l .  The pane l he ld d iscuss ions with 
staff f rom the O f f ice  o f  Management and Budge t and the S t rategic 
De fense Ini t iat ive O f f ice , as we l l  as with repre sentat ive s o f  the 
commerc ia l communicat ions sate l l i te indu s t ry ( Hughe s Communicat ions 
Company , RCA As t ro-E lec t ronics  Company , and Ford Aerospace and 
Communicat ions Corpora t ion) and the l aunch veh ic le indus try ( Ge nera l 
Dynamic s , Mart i n  Mar ie t t a ,  and Ar ianespace). In add i t ion, much 
wri t ten t e s t imony was rece ived as  no ted in Appendix G .  

S ince the s tudy reque s t , 2 event s have occurred that a f fec t 
as sump t ions : In Jul y  1986, NASA announced there wou ld be a de lay o f  
at  least  2 4  months in  re sump t ion o f  shu t t le f l ight s , and on Augus t 15 , 
1 9�6, the Pre s ident announced the intent t o  bu i l d  a four th Orb i te r  and 
to take NASA out of the bus ine s s  of l aunching p r ivate sate l lites , 
except under spec ia l c ircums tances . The pane l  took note  o f  both o f  
these announcements i n  preparing the fo l lowing report . 

Thi s  repor t s tates  each o f  the reques ted assessment s fo l l owed by 
the ad hoc pane l  response . In order to present i t s  f ind i ngs as  
c learly as pos s ib le , the pane l  opted to provide conc i s e  s t atement s i n  
the body o f  the repor t  and more extens ive background i nformat ion and 
detai l s  in  the append ixes . Subj ec t s  covered in  greater depth in the 
append ixes inc lude shut t le launch rates , l aunch u t i l i zat ion, log i s t ic s  
cons iderat ions , cos t trade-o f f s , and the nat iona l commi tment to  a 
sus tained manne d spac e f l ight program.  

The report bui ld s  upon the 1983 report  o f  the Commit tee on NASA 
Scient i f ic and Techno l og ic a l  Program Reviews , the As ses sment o f  
Cons traint s  on S pace Shut t le Launch Rate s ,  which analyzed the 
individual component s determining f l ight rates . 

Thi s  report assesses  certain spec i f ic technica l  i s sue s  but ne i ther 
endorses nor c r i t ic i zes the ge neral nature of  NASA ' s programs . 
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Preamble 

This  repor t was reque s ted fo l lowing the Cha l lenger los s  and 
several months be fore t he Pre s ide nt ' s  Augus t 1 5 ,  1 9�6, s t atement 
announc ing intent to  bui ld a four th space shut t le and to  end NAS A ' s  
l aunc hi ng of commercial sate l l i t e s .  The as ses sments reques ted i n  t he 
let ter o f  Apri l 21 , 1 9 &6, from Congres sman Bo land to  the Admini s t rator 
of N ASA {Appendix AJ, in the opinio n o f  t he aa hoc p ane l, remain 
t ime ly b ut with a few minor change s in as s ump t ions . The 1 8-mont h 
s tana down 1s rep laced by a �4-month s t anddown. The ass ump t ion on 
shut t le launching of commerc i al s ate l l ite pay loads is mod it1ed t o  
reflec t bot h  t he near-term shut t le program and manife s t  and t he 
longer-term intent expre s sed in the Pres iaent ' s  s t atement . 

Ear ly i n  i t s  de l i be rat ions ,  t he ad hoc pane l founa that it had to  
make an as s ump t ion regard ing whe t her t he nat iona l  intent was t o  have a 
sus ta1ne d manned space fl ight pro gr am--one in wh i ch manned fl ight was a 
regu l ar and cont inuing oc currence year in and year out --or t o  treat 
the shut t le flee t as a de cl ining resour ce ( l ike the Apo l lo), which i n 
due course would,  through use or accident , d imini s h  to zero . I t al so 
had to decide whe t her t he req ues ted as ses sments s hould app ly to the 
t rans it ion per iod be tween now and 1 99 1  or to the per iod 
thereaf ter when bot h  t he s hut t le and ELV flee t s  presumab ly wo ula be 
avai lab l e  for launch .  

The pane l ,  cons ider ing the nat ure o f  the req ues ted a s s e s sment s ,  
dec ided to  as sume a sus t ained mannea fl igh t program ana t o  cons ider 
fl i ght r at e s  in bo th the pos t - 1 99 1  t ime frame and t he b ui ld up before 
1 99 1 .  D i scuss ions of these assump t i ons can be found in the append ixe s .  

I t  i s  t he understand i ng o f  t he pane l t hat the purpose of t he 
assessment s i s  t o  e s t imate f l i gh t  rates f or a 3- or 4-0rb i ter fleet . 
Both f leet s i zes are there fore addre s sed w1thout making any 
recomme ndat ion on which flee t s ize i s  pre ferab le  or  needed . ( I t is  
clear , however ,  that  the Space S t a t ion program has as sumed the 
exi s tence o f  a "robus t shut t le f lee t "  o f  a t  leas t the 3- or 4-Qrb iter 
s ize ,  f r om which it s own fl ight rate demand s  wo uld have to be 
sat i s fied . )  

Congres sman Bo l and ' s  let ter a l so a sks for an examinat ion o f  t he 
as sump t ions beh ind the shut t le mani fe s t for the fore seeab le f ut ure . 
Thi s  mat t e r  raises t he i s s ue of expendab le  launch vehicle (ELV) 
ava i lab i l ity--for E LVs are the al terna t ive to  shut t le launche s .  The 

3 
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Air Force has recent ly procured a number o f  heavy-l i f t  ELVs ( Titan 
IVs ) and i s  nego t iat ing t o  beg in product ion o f  a med ium- l i ft ELV 
(MLV ) . The ear ly produc t ion of these veh ic le s  seems l i ke ly to be 
devo ted to DoD p ay load s .  Even were product ion l ine s for exis t ing ELVs 
t o  be reac t ivated immed iate ly , i t  wou ld take several years for 
vehic les  to become avai lab l e . Thus , the avai labi l ity o f  ELVs a s  a 
shut t le a l ternat ive for other than DoD pay load s  i s  l i ke ly to be 
severe ly l imited unt i l  at least  aro und 19 9u. NAS A and commerc ial 
intere s t s  have yet t o  dec ide t o  procure ELVs . Thus , par t ic ular ly in 
the coming interim per iod , NASA and commerc ial  i ntere s t s  tha t  have 
contrac ted for launch service wi l l  be depend ing on the shu t t le  as the 
mos t  immediate launch c apab i l i ty ,  with corre spond ing pres sure on i t s  
manife s t . *  For ac t iv i t ie s  requiring the spec ial ized u s e  o f  peop le , 
the shut t le c annot be rep lacea by ELVs . . 

Before addre s s ing the que s t ions ra isea by t he Hous e  Appropriat ions 
Commi t tee , the pane l  wil l s tate c e r t a in f undament a l s  drawn from i t s  
membe rs ' as soc iat ion wi th research, deve l opment , operat ions , 
l og i s t ic s , fleet ma intenance , and space ac t iv i t ies . The se 
fundamenta l s  mus t  be recognized i f  shu t t l e  f l ight rates and man i fe s t s  
are to  b e  d i scus sed without mi sunders tand i ng .  

One fundame nta l  i s  tha t i n  addre s s i ng fl ight rate , there i s  an 
essent ia l  d i s t inc t ion be tween capab i l i ty and demand . Capabi li ty 
refers to  the numbe r of f l ight s  that ca n be mounted g iven the 
equipme nt , peop le , spare part s ,  and fac i l it ie s  ava i lab le . Capab i l ity 
i s  thus the ava i l ab le suppl y of  launch serv ices . Demand, on the o ther 
hand, re fers to the number and configurat ion of pay load s to be 
launched . Whi l e  this d is t inc t ion is c lear enough,  there i s  o f t e n  
confus ion s i nce  b o t h  capab i l ity and demand are dis c us sed in terms o f  
f l ight rates . 

The pane l wil l ad dre s s  the shut t le capab i l i t � i n  terms o f  the 
sus tainab le f l ight rate . Thi s  i s  the rate o f  f l 1ght s  that can be 
sus ta1ned ove r a substant ia l  period o f  t ime and af ter bui l dup from the 
caut ious resump t io n  of fl ight  subsequent to the Cha l le nger ac cident . 
This  bui ldup wi l l ,  o f  course , require some per iod of t ime , perhap s 2 
years , before the sus tainab l e  rate can be reached . 

For short per iod s o f  t ime , a launch rat e  in  exce s s  o f  that 
sus tainab le  can be achieved with ade quate p l anning , lead t ime , and a 
minimum of changes .  The pane l  wi l l  refer to this  as  the surge rat e , 
rec ognizing tha t  i t  p l ac e s  severe s t re s s e s  on peop l e  and fac i l i t ies . 
I t  c anno t  be sustained for longer t han a br iet per iod , approximate ly 4 
months . 

The shut t le f leet concept i s  a lso fundamenta l .  The fleet Orb i ter 
inventory i s  the number o f  Orbiters  o n  hand at any g ive n t ime ; t oday 
i t  i s  3 .  The number o f  s chedu lable Orbiters  i s  fewer than the 
inventory because of  a numbe r of  fundamenta l  fac tors , some common with 

*The s t atement by the Pre s ident , dated Augus t 1 5 , 1986 , prec ludes 
cont inuing launc h  o f  commerc ia l sate l l i te s  by space shut t le .  I t  
appears at  t h i s  t ime that  certain c ont rac t ed commitme nt s  w i l l  be 
honored . 
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f lee t s  o f  o ther f l ight vehic les  such as  those operated by the Air 
Force and commerc ia l air l i ne s  ( e . g . , age o f  hardware , ava i l ab i l ity o f  
spares , damage , norma l wear). The pane l ' s  experience sugge s t s  that  
the schedulab le Orb i t e r  f lee t i s  sma l ler than the inventory by  a lmo s t  
one Orbiter . Thus today , the schedu l ab l e  f leet i s  only a bi t i n  
excess  of  2 .  There fore , the Orbiter  f leet f l ight rate in  the 
rema inder of  this  report wi l l  be calculated on that bas is . The 
reasons for this d iscount ing of the Orb iter  i nve ntory ar i se f rom 
essent ia l  schedu led ma intenanc e o f  t he f l ight art ic les  and the 
pos s ib i l ity of damage or needed mod i fi cat ions to an Orb i t e r  that wou ld 
keep it or  the who le  f lee t out o f  serv ic e  for a s ignificant per iod . 

Re l iab le ,  sus tainab le f l ight rates hinge upon o ther fac tors as 
we l l . Underfunded log i s t ic s  has been a recognized prob l em tor the 
shut t le program i n  the pas t . Today there i s  s t i l l  no t an adequate 
comp lement of  spare s o n  hand . Th i s  has nece s s i tated cannib al i zat ion 
to keep the f lee t f ly i ng and has leng thened the turnaround i nterva l 
for ind iv idua l Orbi ters . In this repor t the pane l attemp ted  to 
e s t ima te sus tainab le  f l i ght rates based on certain cond i t ions ,  e . g . , 
adequate spares , logis t ic s , and a l l  the fac i l i t ie s  needed for 
turnaround and training .  These cond i t ions wi l l  not be nece s s ar i ly 
s at i s f ied under programs now i n  p l ace  a t  NASA. I f  t hey are no t ,  a 
further decrease o f  sus t ainab le f l ight rates wou l d  be in order . 

Another fundamenta l concern i s  the indu s t r ial  base for the 
manufac t ure o f  Orb i ters . Because there i s  a suff ic ient probab i l ity o f  
an Orb i ter-invo lved ac c ident ove r the operat iona l l i fe t ime o f  the 
Orbi ter flee t , t he c apab i l ity to p roduce and repair  Orb iters  s hou l d  be 
maintained . Withou t it , there wil l be no viab le shut t le f lee t . With 
a smal l number o f  fl ight art ic les , s uch as  the inventory o f  Orbiters , 
no management can sus tain a re l iab l e  f l ight schedule  s ince 
cont i nge nc ies  and new requirement s wi l l  s ure ly arise from 
unant ic ipated eve nts . In othe r  words , the par t ia l  equiva lent o f  a 
cont inge ncy Orbiter  ( one ava i lab le within a t ime per iod that wou l d  no t 
ser iou s ly d i s rup t s chedules , perhap s 2 years at  maximum) shou ld be 1n  
the cons t ruc t ion proce s s . Th i s  i s  cons i s t e nt with the Pres ident ' s  
dec larat ion for a fourth Orb iter and with the pane l ' s  j udgment that 
over a per iod o f  years ( 1 5-20) there mus t  be rep lacement s ava i lab le 
because of  pos s ib l e  Orb iter wearout ( there are no re l iab le s t at i s t ic s  
at pre sent o n  Orb i ter l i fe)* o r  irreparab le damage i n  a n  acc ident . 

There have been sugge s t ions tha t a new-techno logy reusable launc h  
vehic le i s  in  prospec t f o r  the 1 9 90-2000 t ime frame . Eve n then,  any 
such vehic l e  i s  l ike ly t o  be shu t t l e l ike . Barr i ng an unfore seen,  new , 
space ini t iat ive , the pane l  be l ieve s that the shut t le f leet , with 
improveme nt s , wi l l  be  required unt i l  at leas t the year 2000 and 
probab ly we l l  beyond i f  the Uni t ed S tates  i s  to  have a sus tained 
manned spac e  program. 

*Regard ing wearout , it i s  we l l  to  not e  t hat the Orb iter i s  s t re s sed 
near i t s  des ig n  l imi t s  each t ime it is l aunched and returns t o  Ear th . 
An ord i nary a ir l iner i s  rare ly , i f  ever , so s t re s sed . 

Copyright © National Academy of Sciences. All rights reserved.

Post-Challenger Assessment of Space Shuttle Flight Rates and Utilization
http://www.nap.edu/catalog.php?record_id=10615

http://www.nap.edu/catalog.php?record_id=10615


6 

On the demand s ide o f  shut t le launche s ,  the s ituat ion i s  quite 
f lu id .  An important point is that the pay load backlog f rom t oday ' s  
extended launch s tanddown i s  no t as  large as  i t  may appear to  be . 
Many pay loads now l is ted wi l l  not be launched at a l l  s ince they wi l l  
have mis sed a window o f  opportuni ty . Lac k  o f  re l iab le launch 
s chedules  and ava i lab le insurance for pay loads wi l l  depre s s  not only 
future demand , but a l s o  the backlog . Jus t how large t h i s  e ffec t wi l l  
be i s  d i f f icu l t  t o  j udge . The princ ipal  point i s  .t hat supp ly and 
demand wil l a lway s tend t o  come into balance . 

As launche s  using s hut�les  resume , there wi l l  be a bu ildup phase 
before reaching a sus tainab le fl ight rate . Thi s  report comment s on 
both phases ,  but doe s not a t tempt to eva luate i n  deta i l  the bui ldup 
operat ions . However ,  it is evident that a period of caut ion wi l l  be 
prudent regard les s of the apparent demand for launches and the 
unavai lab i l ity o f  ELVs . Present NASA p lanning appear s to  re f l ec t  t hi s  
p�i losophy .  
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Post-Challenger Assessment of 
Space Shuttle Flight Rates and Utilization 

The fo l lowi ng 4 a s s e s sment s were reque s ted by Congr�s sman 
Edward P .  Bo land i n  a letter da ted Apri l 2 1 , l 9So , to NASA Ac t i ng 
Admini s t rator Wi l l iam E .  Graham. The reque s t  for i nformat ion i s  
stated , fo l lowed b y  the response o f  the a d  hoc s tudy pane l . 

ASSESS MENT ONE 

An asses sment of the po s s ible fl ight rate assuming a 
base l ine o f  an l ij-mont h de lay in shut t le operat ions . The 
ana ly s i s  shou ld be based on the assumed fl ight rate and 
man1tes t mo s t  recent ly promulgated by NASA . 

Note : Subsequent to the reque s t  for this repor t , NAS A  announc ed that 
the de lay wou l d  be 24 mo nths from the t ime ot t he Chal lenger acc ident , 
and the fo l lowing res ponses  are based upon tha t es t imate . 

Ut i l iz ing the current 3-orbiter inventory , NASA can sus tain a 
fl i ght rate--fo l lowing a trans i t io n  p hase ot approximately  2 years 
after resump t ion o f  shut t le operat ions--o f d-10 fl igh t s  per year 
(Append ix B) from the KSC* unde r the f o l lowing cond i t ions : 

o no Orb iter i s  los t or  rendered i noperab le , 
o suffic ient log i s t ic suppor t i s  ava i lab l e  t o  mee t  the 

schedu led mani fe s t  with  reasonab le confidence; and 
o s t ructura l or o ther sys tem problems requir i ng subs tant ia l , 

recur r i ng downt ime do not occur . 

With a 4-0rbiter  fleet , the sus t a i nab le fl ight rate would be 11- 1 3  
per year ; however ,  there are add it iona l  qua l i ficat ions . The pr inc ipa l 

*The U . S .  Air Force announced that the Vandenberg Launch S i te wou ld 
no t be used before 1 9 92 .  Should i t  be used for DoD mi s s ions 
thereafter , the yearly fl ight rates for e ithe r  3- or 4-orbi ter flee t s  
would b e  reduced by approximately one . 

7 

Copyright © National Academy of Sciences. All rights reserved.

Post-Challenger Assessment of Space Shuttle Flight Rates and Utilization
http://www.nap.edu/catalog.php?record_id=10615

http://www.nap.edu/catalog.php?record_id=10615


8 

cons t raint s  t o  l aunch rates highe r than 8- 10  are l imi t s  on 
launch-proce s s i ng f ac i l it ies at KSC , l imi t s  on mis s ion ope r at ions 
fac i l i t ies  and s k i l led personne l  at JSC,  add i t ional t ime demanded by 
i ncreased program review and oversight , ye t- to-be-de fi ne d  new s af e ty 
rules , need for improvement i n  crew-tra i ning tac i l i t ie s , and ne ce s s ary 
log i s t i c  support (Append ix C). 

The impor tance o f  the log is t i cs requirement s needs empha s i s : t o  
sus t a i n  any shut t le f l ight rat e  wi th reasonable conf idence req ui re s an 
adequate i nventory ot spare s , inc l udi ng line replaceable uni t s  (LRUs),  
shop rep lacement uni t s  (SRUs ), and expendab le par t s . *  Such items mus t  
b e  avai lable o n  demand i n  the shut t le turnaround proces s .  One other 
l imi tat ion should be ment ioned : Co lumbia (OV 102) does not have the 
performance of  the o ther Orbiters . Many o f  the Depar tment o f  De fense 
(DoD ) and NAS A payload s  require e i ther At lant i s  or.D i s covery , wh ich i s  
e f fe ct ive l y  a 2-0r b i ter f leet f o r  these  pay loads .  

I f s t ruc tura l or sys tem prob lems do oc cur--contrary to our basic 
assump t ion--the sus tained f l ight r ate wi l l  d iminish i mmed iat e ly . Th is  
lower rate canno t be c a l cula ted be cause i t  is  dependent upon the 
par t ic ular mi s s ion scenar io  and t he sever i t y  of t he prob lem.  If  
Orb iters were to require downt ime s ot severa l months every fe� years , 
out s ide o f  p l anned mai ntenance , the sus t ained f l ight rate for 3 
Orb iters would  b e  lower than the 8-10 range . For 4 Orb i ters  the rate 
would be l ower t han 1 1- 1 3  per year . 

Under spec i a l  condit ions , t he 3 -orbi ter f l ight ra te  migh t s urge t o  
approximately  1 2  p e r  year f o r  a l imi ted per iod of  t ime , i f  the major 
shut t le c argos have s tandard Payload As s is t  Mod ule (PAM) or equiva l e nt 
upper s tages , are repeat mi s s ions with few fl ight p l an change s ,  and 
are l aunched and landed at KS C. Any mix of o ther cargo or mi s s ions 
such as c la s s if ied pay loads , Vandenberg Ai r Force Base (VAFB ) 
launche s , E dward s Air Fo rce Base l and ings , Spac e l ab f l ight s , 
rendezvous , or f irs t-of-a-kind mi s s ions w i l l  reduce the rate to l e s s  
than 12.  F o r  a 4-0rb i ter  f leet t he surge rate may re ach 1 5  f ligh t s  
per year , wit h s t r ingent operat iona l  l imitations suc h  as reasonab ly 
s tandard pay loads and re l at ive ly short mi s s ion durat ions .  

The mos t  c r i t ic al assumpt ion in e s t imat ing f l ight rates i s  that no 
Orb i ter wi l l  be los t or become inoperable for a s igni f icant t ime . The 
pos s ibi l ity o f  a loss or irreparab le damage to  an Orbiter canno t be 
di scounted . In case o f  los s , the op t ions are to  rep lace the Orb i t e r  
or  to  reduce t h e  f l ight r a t e  proport iona t e ly and permanent ly . To 
prec lude havi ng a launch capab i l ity  based on only 2 func t iona l  
Orb iters for a per iod that would b e  a t  leas t 5 years ,  a rep l acement 
Orb i ter wi l l  have to be on order by 1 98 7  for de l ivery in the ear ly 
1990s . Procurement o f  a fourth Orb iter  as announced by the Pres ident 
would f i l l  this  need unt i l  1 9 9 2 . Beyond that , some cont inuing 

*Line rep l aceab le uni t s  are shut t le compone nt s  that can be rep la ced o n  
the l i ne ,  e . g . , o n  t h e  launc h  pad . Shop rep lacement unit s  are shut t le 
component s  that cannot be replaced o n  the l i ne ,  but need t o  be sent 
bac k t o  the shop or the manufac turer . 
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produc t ion leve l t o  prov ide rep lacement s wi l l  be required s ince an 
unut i lized manufac turing base w i l l  vani sh i n  a very short t ime . 

Whi l e  ma intaini ng an e f f ic ient indus t r i a l  base imp l ie s  an order 
rate for new Orbi ters h igher than pay load demand s ugges t s  (Append ix 
C) , i t  i s  c l ear that an accommodat ion between produc t ion and 
requirement s mus t be reached i f  replacement vehic les  are to  be had . 
The need for add i t iona l  Orbiters may increase in the 1990s  i n  respons e  
to Space S t a t ion and o ther demands , and thus may br ing supp l y  and 
demand int o  balance . Al ternat e l y ,  the indu s t r i a l  base may func t ion at 
somewhat l e s s  than opt imal cond i t ions with spread out produc t ion 
rates . Further s t udy of  the ma intenanc e  o f  a viab le  indu s t r i a l  base 
i s  we l l  warranted . 

Some concern ex i s t s  i n  3 add i t iona l  areas that the pane l  be l ieves 
need further  s tud y :  (l ) the adequac y of s imp ly upgrad i ng.exi s t ing 
traini ng f light s imulators when ad dit iona l , more modern equipme nt may 
be required as we l l , (2 ) the repea ted late add it ion of  pay load s  to  the 
manife s t  at the expense of ma i ntaining schedules , and (3 ) the nature 
o f  the shut t le proces s ing contrac t and the pos s ib l e  need for c learer 
contrac tor respons ib i l i t ies  vis-a-v i s  NASA in  qua l i ty as suranc e , 
spare s p lanning and ac qu is i t ion,  and des ign change demand s on shut t le 
component des igners and manufac turers for re l iab i l i ty and reduc ed 
turnaround cos t s . Unt i l  NASA e s t ab l ishe s a comple t e  operat i ng 
organizat ion or e le c t s  to  c ont rac t the t o t a l  func t ion, these 
incons is tenc ie s  i n  respons ib i l ity wi l l  remain a prob lem.  

ASSESSMENT TWO 

An asses sment of the assumpt ions made i n  • • • •  

(part i t ioni ng ]  be tween pay load s  manif e s t ed on expe ndab le 
launch vehic l e s  and payload s  manife s ted on the shut t le and 
whether  such a s s umpt ions are reasonab le . 

The fo l lowing as sump t ions regard ing potent i a l  part �t �oning of 
pay l oads be tween ELVs and the shut t le we re deduced by the pane l , based 
upon NASA presentat ions . The pane l  d id no t rece ive any expl ic i t  
base l i ne de f init ions regard i ng the part i t ioning .  

I t  i s  unders t ood t ha t  the mani fe s t  for the per iod from resump t ion 
of s hut t le f l ight s to approximate ly 3 years later wi l l  be det ermined 
on a case-by-case bas i s  within c lasses  o f  pay loads (nat ional secur i ty , 
NASA s c i ence and o ther , and commerc ia l ) . A number o f  payloads 
or igina l ly scheduled for the shu t t le  could be launched by ELVs if 
t he s e  boos ters were avai lab le;  however ,  o nly the DoD i s  c ommit ted to 
bui l d  ELVs for this purpose . In the absenc e  of  fi rm shut t le or  ELV 
mani fes t s , the pane l  examined NASA as sump t ions regard ing pay load 
o f f - l oading , commerc ial  sate l l ites , and ava i l ab i l ity of launch 
vehic les . 
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Pay load Of f-Load ing 

The DoD has made a maj or a t temp t t o  o f f-load free- f lying pay loads 
from the shut t le ,  for examp le , the De fens e  Me teoro log ic a l  Sate l l it e  
Program (DMSP),  De fense Support  Program (DSP), MILSTAR, and cer t a in 
c las s i f ied pay loads . Further , DoD may o f f- load cer t a i n  ad di t iona l  
sate l l i t e s  s uch as the Defense S ate l l it e  Communicat ions S ys t em I I I  
(DSCS ) and Globa l Pos i t ioning Sate l l i t e s  (GSP) replacement s . Looking 
i nto  the f ar fut ure (mid- 1 Y90s ), re l at ive ly few DoD free- f l yi ng 
pay load s  wi l l  require shut t le launch prov ide d ELVa are ava i l ab l e  and 
operat ional . NASA e s t ima tes o nl y  4 such shut t le-uniq ue DoD pay loads 
be tween re sump t ion of f l ight and 1 993 . To this mus t  be added SD I 
exper ime nt s (l t o  2 s hut t le equiva lent s per year beg i nning i n  1 98Y) 
and potent ia l  SUI dep loyment l ater. The DoD seems .we l l  on  i t s  way to 
re l iev i ng its t o t al depende nce on the shut t le through ELV procureme nt .  

NASA e s t imates that approxima te l y  22 o f  i t s  own payload s cou l d  be 
off-loaded between now and 1 993 leaving approx imate ly 1 10 for shut t le 
launch . The pane l  has no reason t o  doub t the val id i t y  o f  this  
par t i t ioning .  However , i n  the longer- term f uture , many pay loads c ou ld 
be des igned for ELV l aunch . Baseu upon the c r i t ica l i ty o f  the 
Trac king , Data , and Re lay S ate l l it e s  (TDRS ) i n  suppo r t i ng other  
mis s ions , N AS A  should ser ious l y  cons ider launching the  TDRS by  an 
appropriate ELV such as the  Ti tan IV . Two TDRS s are pre s e nt ly 
contemp lated for e ar l y  shut t le l aunc h .  

In  reference to  t he p lanned manife s t ,  t he pane l  notes  that no 
ac t ion has been take n  by NASA t o  procure ELVs for i t s  pay loads . Lack 
o f  fund i ng i s  one cause for this inac t ion.  Another i s  the apparent 
confus ion o f  respons ib l i t ie s  between the space transportat ion charters 
of  the Depar tment s o f  Commerce and Transportat ion and NAS A.  Al so N ASA 
has not as ye t s tated a polic y for par t i t ioning i t s  pay l oad s be tween 
the shut t le and ELVs . I t  seems t rue that many peop le i n  the spac e  
sc ienc e  communi t y* would prefe r ELV launch because o f  pas t experience 
with shut t le uncerta i nt ie s  and cos t s . Thi s preferenc e  i s  not  yet 
be ing take n  into  account b y  NASA.  I t  i s  impor tant to  note here that , 
as present ly des igned , the N ASA Space S ta t ion alone could require 8- 1 0  
shu t t le f l ight s p e r  year f o r  dep loyment anu suppo r t  i n  the midd le  
1 990s . 

Commerc i a l  Sate l l i t e s  

The commerc i a l  sate l l i te s i tua t ion i s  confused by exis t ing 
cont rac tua l commi tment s for launc h by NASA.  The as sump t ion i s  that 
shut t le launches o f  commerc ial  sate l l ites  with exi s t ing cont rac t s  wi l l  
cont inue . I t  is hoped,  but no t ye t p lanned , t ha t  s ignif icant numbers 
o f  ELVs wi l l  become avai lab le  i n  the future for the c ommerci al 

*Th�s is  with t he except ion of  s c ient i s t s  i nvo lved i n  some aspec t s  o f  
earth , l ife , and a s t ronomic a l  sc ie nc e s  and i n  space-proces s ing 
research . 
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marke t . The compet i tors for the proposed DoD med ium- l i f t  launch 
vehic les  (MLVs ) have i nd i c at ed these vehic les could be ready by ear l y  
1 9 89 ;  however i t  wi l l  b e  s evera l years a f ter  that be fore new ELVs 
become ava i lab le to users o ther than DoD . The pr imary requirement o f  
c ommerc i a l  sate l l i t e  users , in  add i t ion to a l aunch re l iab i l ity  o f  
mo re than 93 percent (the approximate re l iab i l i t y  o f  pas t ELVs),  i s  
ava i l ab i l ity o f  t ime ly l aunc h .  As suming ava i labi l ity ,  mos t  commercial  
sate l l ite supp l iers and operators now expre s s  pre ference for ELVs . 
The pane l  be l ieve s t ha t  the as sump t io n  o f  ava i labi l i ty i s  open to 
que s t ion. The economic v iab i l i ty of commerc ial  launch suppliers may 
no t be dec ided for many years bec aus e  of the long t rans i t ion per iod 
from total  shut t le dependence to s ome c ombinat ion of fore ign and 
speculat ive dome s t ic supp l iers . 

Al so , the longer-term demand for commerc ia l launche s .i s  nebul ous 
at be s t . At the pre sent , 44 commer c i a l  payload s are cont rac ted for 
NAS A launch ; ano ther 46 have made lesser  c o mmi tme nt s . Though many o f  
these  wi l l  fal l b y  the ways ide because o f  t he de lay and uncertainty , 
o thers wi l l  re tain the ir reservat ion and lobby for shu t t le l aunch i f  
the cont rac ted c o s t s  are maintainted . S t i l l  o the rs wil l move t o  
Ar iane or other foreign l aunchers . However ,  demand wi l l  dec l ine 
because o f  the d i f f icu l t ie s : launch supp l y  and demand wi l l  tend t o  
come int o  ba lance . As contemp lated touay , approximate ly 1 5  c o mmerc ial 
shut t le l aunche s  are ant ic ipated between resump t ion o f  f l ight and 
1 993 . To the pane l , this  rate o f  c ommerc ia l u t i l izat ion s eems 
s igni f icant ly too low i f  add i t iona l  DoD and NAS A o f f- load i ng to ear ly 
ELVs become s poss ible . 

Avai l ab i l i t y  o f  Launc h  Vehic les  

I t  has been imp l ic i t l y  a s sumed that l aunch vehic le product ion 
(whe ther of shut t le s  or ELVs ) could keep up with demanu , regard l e s s  of 
the mix o f  shut t le and ELV launche s . The mat ter of s nut t le produc t ion 
and support was  addre s sed ear l ier . ELV procurement is  l imited at  
pre sent to DoD . Repre sentat ives from the  launch veh ic le inuu s t ry 
ind i c ate  adequate numbers o f  ELVs for DoD , NAS A, and c omme rc ial  needs 
c ould become ava i l ab le , wi th present or  s l ight ly expanded produc t ion 
f ac i l i t ie s  within 3 t o  4 years o f  orders . Thus ELV p roduc t ion 
capab i l i ty does  no t seem to  be a l imi t , a t  leas t i n  the long run, to  
f uture space ac t iv i t ies . As for  t iming ,  ELVs for the  mi l i t ary wi l l  be  
avai lab le  within 3 years a f ter  the cont rac t s  are  s igned . However , 
because o f  DoD needs , and government budge t l imitat ions , i t  seems 
unl ike ly that ELVs could be ava i lab le for c ommerc ial payloads be fore 
the e arly  1990s . *  Ar ianespac e  repre sentat ive s s t a ted t hat Ar iane is 
complete ly booked unt i l  after 1 9 90 as  we l l . Thus , there i s  a t ime gap 
of severa l years be fore a commerc ial  launc h  capab i l i t y  could be 

*It is  noted that in September 1986 a commerc ial company cont rac ted 
with Federal  Expres s  to  l aunc h a private pay load in 1 9 89 .  
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ava i lab le  t o  mee t  the need s o f  commerc ia l p ay loads , de spite adequa te 
product ion and launch fac i l i t ie s . 

ASSESSMENT THREE 

An a s s e s sment of the impac t on  both f l ight rate and 
mani f e s t  o f  the exis t ing 3-0rb i ter f lee t with no fourth 
Orb iter replacement . Thi s  as s e s sment shou l d  i nc l ude 
mani f e s t requ irement s for both launch and operat ion of a 
Space Stat ion. Th is  a s s e s sment should also be based on the 
assump t ion tha t the s hu t t le wi l l  f l y  at leas t one-third of 
the ave rage number o f  commerc ia l sate l l ites  launched over 
the mani f e s t  per iod . 

As s tated i n  t he the f ir s t  a s s e s sme nt , the pane l  be l ieve s that a 
sus ta ined fl igh t rate of  8- 1 0  pe r year fo r a 3-orbiter inventory and 
l l- 1 3  for 4 Orbiters  can be ma intained o nl y  under the cond i t ions 
previous ly noted . Suppor t o f  a Spac e S t at ion require s a robust  
shut t le flee t , even were a new Space S tat ion aes ign to reduce launc h  
requirement s . The pane l  does no t cons ider a 3-Qrb iter  fleet  robus t 
because o f  acc ident po s s ib i l i t ie s  and o ther needs for downt ime . Given 
the a s sump t ions pre sented by the Space Stat ion o f f ice , the ent ire 
3-shut t l e  capab i l i ty wou ld be ab sorbed by t h i s  proj ec t ,  i . e .  a need 
for 32 shut t le f l ight s is proj ected for the ini t ia l  3-year 
cons truc t ion phase . However ,  the cons t ruc t ion and operat ion of  the 
s tat ion i s  s t i l l under s tud y and these e s t imates  may be mod ified . 
Al though some ELVs could be used for pure l y  cargo fl ight s ,  opera t i ng 
the Spac e  Stat ion add s  ano ther requireme nt , nearly the same we ight 
mus t  be returned from orb i t  as  was o r ig ina l ly launched to  orb it  in the 
operat iona l  phase , a requirement no t me t i n  ELV des igns

-
.
-

E s t imates  of the number o f  commerc i al sate l l ites  that wi l l  be 
shut t le- launched in the 1 990s are d i f f ic u l t  in today ' s  uncertain 
launch and i nsuranc e  env ironme nt .  However ,  NAS A  has ind icated that 
some 1 5  comme rc i a l  launches wi l l  be ava i l ab l e  be tween resump t ion of 
fl ight and 1 9 9 3 . This  i s  about one-third o f  the 4 4  c ont racted 
launches . Others beyond cont rac ted pay loads number 46. To launch 
one-third of a l l  commerc ia l pay load s  wou ld require 30 launche s .  Th i s  
number i s  not pos s ib l e  g iven the current s i tuat ion.  However ,  a 
reso lute e f fort by the federa l government to acce lerate produc t ion,  
and procurement o f  ELVs would  al low for more commerc ial  launches in  
the  per iod before po tent ial  privately supp l ied launche s cou l d  bec ome 
avai lab le . C lear ly , there i s  a need t o  proceed wi th ELV procurement 
for NASA pay loads and for ful f i l l ing cont rac tua l obl igat ions t o  
c ommerc i a l  operators . Compe t it ive pr ic i ng o f  ELV l aunches with 
s hu t t le and foreign supp l iers should be a princ ipa l cons iderat ion. 
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ASSESSMENT FOUR 

An e s t imate , based on avai lab l e  data , o f  the various 
c o s t  t rade-of f s  of the above assump t ions .  

Due t o  the many po l i t ica l , f i nanc ia l , and market variab les  i n  the 
immediate pos t-Cha l le nger env ironment , i t  i s  no t pos s ib l e  to make 
de tailed cos t t rade-o f f  ana l yses at this  t ime . None the les s , o ne 
general s tatement can be made . 

Total  na t iona l  s pace launch cos t s  depend princ ipal l y  upon the s i ze 
o f  the nat ion ' s space program . Perhaps surpr i s i ng l y, the total  launch 
c o s t s  are re lat ive l y  i ndependent of the part icular mix be tween 
shut t le s , Ti tan IVs , MLVs and Ti tan lis (for examp l e )  for a g iven 
total we ight to orb i t  i n  equivalent shut t le loads (Appe ndix E ) . In  
o ther words , po l ic y  dec i s ions suc h  a s  the  long-term commi tment to  
man' s presence in  s pace (Append ix F ) , the t iming and cos t o f a Space 
S tat ion, the nature of the SD I ,  and the robu s t ne s s  (spare s on  orb i t  
and survivab i l i t y) o f  na t ional secur i t y  space s ys t ems wi l l  have a 
greater e f fec t o n  nat iona l  launch cos t s  than the shut t le /ELV mix . 
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Summary 

POLICY ASS UMPTIONS 

1 .  The Un ited S tates w1 l l  have a s us t ai ned manned space l aunch 
c apab i l i t y. 

2 .  The pre sent s hut t le wi l l  have to  a s s ure t hat f unc t ion at leas t  
unt i l  the turn o f  the century . 

3 .  An �LV p roduc t ion comnti tme nt w i l l be made t o  ac h1eve a mixed f lee t 
o f  launchers . 

FLIGHT RAT�::; 

Three Orbi ters c an sus t ain a rat e  o f  H t o  1 0  flight s  per year 
af ter an i ni t ial bu i loup per iod ot approximat e l y  � year s prov i din�: 
( l ) no Orbi t e r  is los t  or become s i noperable , (�) adequate log i s t ic s  
support  exi s t s , and (3 ) no prob lems exi s t  that require ex tens ive 
downt ime . A surge rate of  l l  fLi gh t s  per  ye ar s hould be pos s ib le for 
shor t periods o f  t ime for s imp l e  paylo ad s  and f light p l ans . 

Wi th  a 4-0rb i ter fleet t he sustainable f L1ght rate wou ld be 11-13 
per year with a surge rate o f  1 5  f l ight s per year onl y  i f  appropr i ate 
ground support fac i l i t ies  are ac quired . 

In  orde r to sus tain such rate s and t ake account o f  pos s ible  
cont i ngenc ies , t he shut t le s c heduli ng should be based upon f ewer 
vehic les than are actua l l y  in  the i nventory by a lmo s t  one Orb1te r .  

FLEET CONCEPT 

If the s pac e shut t le is to serve manned l aunch requirement s  for an 
extended per iod o f  t ime , then i t  shoul o  be viewed in terms o f  a f leet  
i n  the s ame manner as  othe r t ranspor t at ion sys t ems and cons iderat ion 
mus t be g iven t o  vehic le at t r i t ion nece s s i ta t i ng replacement Orbi ters  
over t ime . Thi s  wi l l  neces s i t ate a baLance be tween produc t ion r at e s  
and rep l acement requirements . 

1 5  
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LAUNCH DEMAND 

W i t h  the temporary cessat ion o f  shu t t le f l ight s ,  i t  is expec ted 
that the backlog o f  manifes ted payload s  wi l l  ac tual l y  decrease as some 
prev ious ly schedulea s ate l l ites  will not be tlown and the DoD wil l 
off-load many pay load s  for launc h on ELVs . 

The heavie s t  launch demand arises  for t he Space S tation--32 
shu t t le launche s are ant ic ipated dur ing the 3-year cons truc t ion 
phase--and, presuming schedu l es do no t s l ip, th1s could no t in i t sel f  
be accommodated by  3 Orbiters . Thi s  s i tuat ion 1 s  recogn1zed by NASA 
s tudy groups current ly reexam1ning the conf i gurat ion of t he S tat ion . 

Whi le many mi l i tary pay load s are s lated for launch on the Titan IV 
and the MLV ,  there i s  not an ELV l aunch c apabi l i ty to  accommod ate the 
large number o f  space s c ienc e or commerc ial ly contrac ted pay loads . A 
resolute ELV proc urement e f fort by NASA, or other c iv i l  gove rnment 
agency , is no t ye t in p lac e  but may be requ ired t o  fu l fil l commerc ial 
cont rac ts  ana NASA ' s space s c ience program. Un less  or unt i l  a 
commerc ia l launch vehic le indus try come s into exis tence , however , an 
extens ive pr ivate launch inaustry i s no t l1ke ly to ar ise  be fore the 
1990s . 

PAYLOAD PARTITION ING 

Part i t 1on ing ot pay loads be tween the shu t t le  ana ELVs has been 
materia l ly a f fec ted because NASA is no t fundea at present to  procure 
ELVs . Even in the s hort run , some add i t iona l o f f- loading o f  
DoD-re lated pay loads may be i n  order when al ternat ive s are avai lab le . 
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Appendix A 

Background 

1. Apr i l  2 1, 1986 , Le t te r  f rom Congres sman Edward P. Boland 

2 .  Lis t  o f  Briefers and Part ic ipant s 

3 .  Commi t tee on  NASA Sc ient i f ic and Technolog ical Program Reviews 
Membership 
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[ODJTUI Df tht tlnftrj �tattl 
"DDit ar 'lqJrumtatfOtJ 

€lllllllfttrt 111 SppropriationJ 
UuhfnJton, !)(lenS 

April 21, 1916 

Honorable Wlllla• E. Graha• 
Actina Ad•lnlstrator 
National Aeronautics and Space 

Ad•lnlstratlon 
Washlnaton, DC 20546 

Dear Dr. Graha•: 

I a• vrltlnl to request that NASA call upon the National 
lesearch Council (NRC) Co••lttee OD NASA Proara• leYievs, to 
exa•IDe the future l•pltcatloDs and possible tcenerlos resultlna 
fro• the traatc 1011 pf CballeDaer. 

Specifically, It Is requetted that the follovln1 1Dfor•atlon 
be proYided by the NIC: 

1. AD assess•eDt of the possible fltaht rate assu•IDI a base 
• ·  liDe of aD ll·•onth delay ID thuttle operatloDt. Tbe 

analysts thould be based on the assu•ed fltaht rate and 
•anifest •ost recently pro•ulaated by NASA. 

2. 

3. 

An assess•eDt of the astu•pttont •ade SD the aboYe fltaht 
rate betveeD payload• 8aDtfested on expendable launch 
Yehtcles and payloads •antfested oD the thuttle •• and 
whether such assu•pttoDa are reasonable. 

AD assess•ent of the l•pact on both fllfht rate aDd 
•aDlfest of the exlstlDI three orbiter leet vlth Do 
fourth orbiter replace•ent. Tblt assess•ent should 
IDclude •anlfest requtre•ents for both launch aDd 
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2 1  

Honorable Wlllla• 1. Graha• 
April 21, 1916 
Paae Two 

operation of a apace atatlon. Tbe assess• ent ahould also 
be baaed on the assu•ptlon that the shuttle will fly at 
least one•third of the averaae nu•ber of co••ercial 
satellites launched over the • an i fe st period. 

�. AD est b ate, based on avallable .dat.a, o f the various cost 
trade·offs of the above assu•ptio ns. 

I would appre c iate y our c oope rati on ln f orva rdl na this request 
and In asslstlna with the study. A report coverlna these Issues 
should be available t o the House Appropriations Co• • lttee by 
October 15, 1916. 

s��;;;ty, 

� .. · 
House Subco••lttee on HUD ·  

l nd�pen dent Aa encies 
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Appendix B 

SHUTTLE LAUNCH RATES 

A detai led asses sment o f  space shut t le l aunch rates was provided 
in an earl ier report i s sued in Apr i l  1983 under the Co�i t tee on NASA 
Sc ient i f i c  and Techno l o gic al  Program Reviews , As se s sment o f  
Cons t raint s o n  Space Shut t le Launc h Rate s . The present s tudy takes 
into account les sons learned over the past 3 years , inc lud ing 
c ircums tances  fo l lowing the loss  of the Cha l lenger on January 28 , 1 986 . 

During i t s  short passage through t he s ens ib l e  a tmosphere , the 
shu t t le is  s t re s sed far neare r i t s  des ign limi t s  on eve ry f l ight than 
is the case for t ransport a ircraf t ,  for which such an occurence is a 
rar i ty . Al so , there are cons iderab l e  d i f ferences be tween individua l 
shut t le mis s ions , unl ike t he repe t i t ivene s s  o f  a ir l ine or more rout ine 
mi l i tary operat ions . A shu t t l e  f light man i fe s t  ut i l iz ing maximum 
pos s ib le turnaround rates mus t  no t compromise s afety s t andards , s ince 
each f l ight i s  working s o  c losely t o  the vehic le performance l imi t s . 
The need for adequate s a fety reviews , l ogi s t ic s  support ( s ee Append ix 
C) , spare par t s , extens ive inspec t ion and maintenance , and extreme 
care in every fac e t  o f  the turnaround opera t i on cannot be 
overemphas ized . In add i t ion , suf f ic ient c rew-training 
fac i l i t ies--inc luding s imu lators and t ra ining ai rcraft--are needed t o  
enab le adequate t raining f lowthrough t o  mee t  proj ec ted f l ight rate s . 

Present ground fac i l i t ies  a t  KSC w i t h  p lanned augmentat ion--e . g . , 
the Orb i ter  Ma intenanc e Fac i l ity--appear adequate t o  hand le f l igh t  
rate s u p  to  12  p e r  year . However ,  manpower a t  Johnson Space Center 
and s pare par t s  produc t ion would have t o  be inc reased for such f l ight 
rates . The s ingle Shu t t le Proc e s s ing Contrac tor ( SPC) concept 
present ly in p lace appears to  be advantageous from an admini s t ra t ive 
point o f  view .  Wh i le the SPC has improved in technic a l  competence 
over the pas t  2 years , it s t i ll require s  further improvement in the 
hand l ing of ind ividua l sy s tems--( Space Shu t t le Main Eng ine , So l id 
Rocke t Boos ter , Exte rna l Tank , and Orb iter) . 

Crew training fac i l i t ies  and s o f tware deve lopment need improvement 
for f l ight ra tes up t o  1 2  per year . Needed are an upgrad ing o f  
exi s t ing fac i l i t ie s  and a n  inc rease in the number o f  s imulators as  
we l l  as a fourth shu t t le t raining a ircra f t . *  

*See As sessment o f  Cons t ra int s on Space Shu t t le Launch Rate s , Na t iona l 
Research Council , 1 983 . 
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With  Orb i te r  land ings at Edward s Air Forc e Base for the 
fore seeab le future , and a projec ted 1 8-month de lay in p roc urement , an 
add it iona l Shut t l e  Carr ier Aircraf t wou ld be prudent . 

Exper ience ga ined in the STS program,  and from the acc ident , 
sugges t s  tha t  a susta ined f l ight rate per Orb iter  on a l ong-term bas i s  
shou ld b e  more conservat ive than was thought neces sary n o  more than 2 
year s ago . 

The e s t imates g iven below are based on launch from KSC . The DoD 
shut t le launch c omp lex at Vandenberg Air Force Base on the We s t  Coa s t  
i s  be ing p l aced in "care t aker" s tatus unt i l  1992  accord ing t o  
Sec retary o f  the Ai r Forc e Edward Aldr idge . *  U s e  o f  t h i s  comp lex for 
shut t le launches in the years beyond 1 9 9 2  rema ins an open que s t ion . 

Turnaround t ime 

Shut t l e turnaround t ime cons i s t s  of 4 ma in e lement s :  ( 1 ) 
proc e s s ing t ime at the Kennedy Spac e  Center , ( 2 ) mis s ion durat ion , ( � )  
t rans i t  t ime t o  ferry the Orb i ter t o  KSC ( i f i t  l ands e l sewhere ) ,  and 
( 4 )  p lanned periodic inspec t ion and maintenance . The s e  e lemen t s  can 
be quant i f ied on an average bas i s .  A f i f th e lement that  cannot be 
quant i f ied cons i s t s  of cont ingenc ies --maj or damage to , or loss  of , an 
Orbi ter ; d iverted land ing; weather de l ays ; late manifes t and/or f l ight 
p lan changes ; unforeseen pay load de lays ; fac i l i ty or suppo r t  sy stem 
downt ime ; lack of t ime ly ava i lab i l ity  of  spare s / logi s t ic suppor t . 

Shut t le proc e s s ing a t  the K�C take s  p lace succe s s ive ly in the 
Orb i ter Process ing Fac i l i ty ( OPF ) , t he Vehic le As semb ly Bui lding 
( VAB ) ,  and on the launch pad ( PAD ) . To be added in the near term i s  
a n  Orb iter  Maintenance Re furb ishment Fac i l ity ( OMRF ) through which the 
Orb i ters w i l l f low on the i r  way t o  the OPFs . The average shu t t le 
proces s ing t ime to  date · at  the KSC has been 7 5  work days ; the shor t e s t  
was 46 work days . The latter i s  viewed as repre sent ing a surge 
cond i t ion and not a sus t a inab le one . The former is viewed as an 
average conservat ive sus tainab le proce s s ing t ime . A more op t imi s t ic , 
but not unrea l i s t ic sus tainab le  proc e s s ing t ime wou ld be 20 percent 
shor ter , or  60 working days . Both  are shown in breakdown in F igure 
B- 1 .  

Average mis s ion durat ion i s  e s t imated t o  b e  7 days . S ince Orb i te r  
f l ight s wi l l  be l and ing at Edward s Ai r Force Base f o r  the fores eeab le  
future , account i s  t aken o f  ferrying t ime ( inc lud ing one day for  
weather uncertaint ies ) ot  o days . P lanned s t ruc tura l inspec t ions and 
maj or ma intenance are expec ted to require on average the equiva lent of  
2 weeks o f  downt ime for every f l ight . 

*"Air Force Secretary De scr ibes De fense Department Space Recovery 
Plans , "  Pre s s  re lease dated July 3 1 , 1986 . 
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3 1  

OP F I VAS 
I 

Conservative 
1431 

PAD 75 workdays 17 1  
1251 

OPF I VAB I 
Real istic/Optimistic 

1341 
PAD 60 workdays 161 
1201 

F igure B- 1 Shut t l e  Proce s s ing T ime . 

With regard t o  the work week,  bearing in mind the emphas i s  on 
safety and e f f ic iency , it is pos tulated tha t ground crews work a 
3-sh i f t  per day , 5 -day week.  The pane l regarded a scheduled 7-day 
work week as undes irab le ove r the lon� term because of the poss ible 
impac t on f l ight sa fety . 

F l ight Rates  

Based on  t he es t imates  above , the  7 5 -work-day process ing t ime 
re sul t s  in an average number of  f l ight s pe r year per Orb iter  o f  2 . 7 .  
With an improved proc e s s ing t ime o f  60 work days , the average rate per 
year per Orb iter  becomes 3 . 3  ( as suming a normal 3-sh i f t , 5-day work 
week) . 

Thus , the ave rage yea r ly sus ta inab le f l i ght rate for a 3-0rb iter 
f leet i s  8 to  1 0 . For a 4-0rb iter  f leet  the susta inable rate become s 
1 1 to 13  per year . 

The above e s t imates app ly to  the KSC . Shou ld the Vandenberg 
Launch S i t e  be ut i l ized for DoD mis s ions after 1992 , the U . S .  Air 
Force expe c t s  to have one to 3 shut t le launche s per year from the 
s i te . I t  i s  a l s o  expec ted tha t  one Orb i t e r  equiva lent wou ld  be 
ded icated to Vandenberg . The e f fect  would be to lower the f light 
rates  noted above by approximately one f l ight/ year-- i . e . , 7-9 for a 
3-orb i ter  f leet  and 10-12 for a 4-0rb iter f lee t .  

I t  should b e  noted that these e s t ima tes do no t account for 
cont ingenc ies no ted ear l ier . W h i le there is no way o f  pred i c t ing 
pos s ib l e  t ime los t due to  some cont ingency or other , the exper ience o f  
a i r l ines and of  u.s. A i r  Force a irc ra f t  operat ions shows that backup 
vehic les are needed to al low schedu les  to be ma intained when an 
unfore seen event puts a veh ic l e  out o f  commi s s ion . 
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Appendix C 
LOGISTICS CONS IDERATIONS 

The shu t t le in l��o has accomp l i shed a long series of succe s s ful 
operat iona l f light s . None the less , from a technica l point  o f  view ,  it  
i s  no t yet  out  of  the deve lopment phase . Des ign f laws , expec ted in a 
sys tem o f  this c omp lex ity , are s t i ll be ing correc ted . The spares 
complement i s  j us t  be ing deve loped f or ma in eng ines , solid roc ke t  
boos ters , other  l ine replacement uni t s  ( LRUs ) ,  and so  forth . I n  that  
respec t ,  the pas t operat iona l f ligh t s  have been e s sent ial to  
determining the real, as opposed t o  the hypothe t ica l , logi s t ic s  needs 
for var ious sustainab le f l ight rate s . Consequent ly , a more e f f ic ient 
log i s t ic s  program can now be set up than was pos s 1ble some years ago . 
By the 1990s , mos t  maj or deve lopment should be c omp l e ted and the 
log i s t ic s  p ic ture should have stab i lized . This append ix endeavors to 
es t imate what that  pic ture wi l l  be . 

The pane l ac cep t s  NASA ' s e s t imates o f  the immed iate log i s t ic s  
needs . However ,  NASA has no t sys t ema t ica l ly examined the c onsequenc e s  
of t h e  eventua l l os s , through use or acc ident , o f  Orb i ters . Such 
losses mus t  be expec ted , as NASA i t se l f  has s tated in t e s t imony on the 
Cha l lenger loss . The comp lexity and uniquene s s  o f  the shut t le 
( c r i t ical e lement s ,  des ign marg ins , " rebui ld" for every f l ight , e tc . )  
re inforce that po int . We ll-recognized ca lculat ions relat ing sys tem 
re liab i li ty ,  conf idence leve l in accomp lishin� the mi s s ion , f lee t 
s i ze , and f l ight rate ( equ ipment li fet ime ) have been used for years to 
determine the buy rate for a irc ra f t , sate l l ites , and other f l ee t s . 
F igure s C - 1  and C-2 show the relat ionships among the s e  fac tors for the 
range of parame ters app l icab l e  to  Orb iters . F igure C- l shows the 
s ituat ion assuming no Orb iter  los ses : the upper curve g ives an upper 
bound on f l ight rates per year so that there is a 50  percent chance o f 
no Orb iter los s over the per iod . The lower curve repre sent s an uppe r 
bound for a 90 percent c hance o f  no los s . F igure C-2 shows the 
s ituat ion as suming one loss , i . e . , the upper bound s on f l ight rates  
for no more than oneQrb iter loss  during the per iod . ( "Los s "  may be 
through wear out , severe ove r s t re s s , or any acc ident tha t prec lude s 
further use . ) An a l ternate way o f  showing the informat ion in F igure 
C- 1 is g iven in C-3 . Based on a l l  exper ienc e to  date , one would have 
to have unach ievab le re l iab i l i ty to have a high conf idence man i f e s t  
without some planned backup , workaround and/or replacement Orb iter . 
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The shutt le system re l iab i l i ty to  date i s  0 . 96 ( a  fai lure rate o f  4 
percent ) . Given NASA ' s v igorous e f fort s at improved safe ty , this 
fai lure rate might be cut by a f ac t or o f  4 ;  reduc ing it  by a fac tor 
of 10 t o  a re l iab i l ity o f  0 . 9 9 6  i s  mos t  unl ike ly in a short t ime or 
for cos t s  l e s s  than the deve lopment c ost  to date ( based on aircra f t  
deve lopment experienc e ) . 
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I t  i s  important here t o  d i s t inguish between having suf f ic ient LRU 
spare s  and replac ing a lost  Orb i ter . * The former i s  p lanned by NASA 
with appropr iate budge t reque s t s ; i t  is cruc ia l for ma intaining an 
accep t ab le Orb i ter turnaround t ime . But ,  it assume s infinite l i fe for 
the a irframe , maj or s t ruc tura l components , and f i t t ings . A 
noncatas trophic fai lure o f  an LRU--even i f  the c ause were a de s i gn 
prob lem that grounds the Orb i ter f lee t for a whi le-- i s  unl ike ly to 
affec t the f l ight schedu le for much more t han a year . ( The Cha l lenger 
s o l id rocke t  prob lem w i l l take somewhat longe r but pas t ELV experience 
sugge s t s  that this i s  an except ion . ) Such schedu le  d i s rupt ion can be 
accommodated through increased sate l l ite  de s ign l i fe o f  more t han 5 
years , as we l l  as spares on orb i t ; p l ane tary and s pace s ta t ion 
programs c learly have more d i f f iculty  accommodat ing de lays . 

The loss  o f  an Orb i ter , howeve r ,  as  demons t rated by. the Cha l lenger 
ac c ident , has long-las t ing e f fec t s  on a l l  miss ions . Miss ions are 
placed in j eopardy . Miss ion and industria l  teams are in danger o f  
breaking up , espec ia l ly univer s ity sc ient i f ic teams ana subcont rac tor 
teams . Time-c r i t ic a l  sate l l ites  may be mothba l led or d i s carded . The 
c o l latera l c o s t s  are a l ready a maj or frac t ion of the cos t of another 
Orb i ter . Yet this  kind of  d i s rupt ion is inherent with sma l l  f leets  of 
reusab le , fu l ly-booked vehic les w i t h  long rep l acement t ime s . 

There are severa l po s s ibil i t ies  for minimiz ing the seve r i ty o f  
impac t s . F i r s t , a ful l-up spare Orbiter , wi t h  another ordered later , 
wou ld he lp a l leviate the bui ldup o f  backlogs if the anoma ly i s  not a 
sys t ems des ign-re lated one . Sate l l ite  cons t e l lat ions , for examp l e , 
frequent ly have s pares on orb i t , but such an a l t ernat ive for the 
shut t le may be too expens ive . Ano t he r ,  albe i t  riskie r ,  pos s i bil i ty is  
a f l ight rat e  suf f ic ient ly be low the maximum rate whe re a mu l t iyear 
"surge " could a l leviate schedu le conf l ic t s  unt i l  a rep lacement Or biter 
is  brought on l ine . Shi f t ing of " s t andard" dua l-compatible  sate l l i tes  
to  ELVs a l ong with a suf f ic i ent inventory o f  "ready-to-go " veh ic les , 
might he lp . 

In any case , without an agreed s t rategy to  accommodate Orbiter 
los s , long-term conf idence  in any shut t le man i fe s t  i s  certainly 
l imited . This c ou ld be c ruc ia l  for t he space s tation ,  p l ane t ary 
launches , and some nat iona l secur ity f l ight s . 

The Report o f  t he Pre s ident ia l  Commi s s ion on t he Space Shu t t le 
Cha l lenger Ac c ident and the s t atement s o f  ind ividua l s  who me t with the 
pane l 1dent i f ied a numbe r of re lat ive ly short-term prob lems that the 
pane l be l ieve s NASA i s  l ike ly to  so lve by the ear ly 1990 ' s :  

o The c anniba l i za t ion o f  LRUs f rom one Orbiter for par t s  or  
repair o f  other  Orb i t ers ( on the order o f  50 percent on pas t 
f l ight s ) .  

o Limi tat ions on nondes t ruc t ive t e s t ing. 

*The NASA s pare s program doe s not supp ly a fu l l  " ship s e t "  o f  s pare s , 
some of  which have very l ong lead t ime s . Consequent ly , a rep l acement 
Orbi ter c anno t be bui l t  J U S t  out o f  spare s . 
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o Main engine and land ing gear rep lacement and repair prov 1 s 1ons . 
o F l ight s imu lator l imi tat ions ( tec hno log ical  and capac i ty ) . 
o Cr it ica l ski l l s , spares , and ma intenance requi rement s a t  KSC . 
o Cr i t ical  ski l l s , s imulators , data s t orage and s o f tware 

deve lopment at JSC . 
o Es tabl ishment of a long-range log i s t ic s  suppor t  p lan , updated 

annua l ly o r  as  expe rienc e  d ic t ates . Genera l  c oncurrence in the 
p lan and i t s  f inanc ing by the Execut ive and Legis lat ive 
Branches . 

o Agreement by the NASA and DoD as to which pay loads wou ld be 
compat ible  with both Orb i t e r  and ELVa . In this connec t ion , it  
i s  no t nec es sary that a l l  pay load s be dua l compa t ib l e  in order 
to  as sure acce s s  t o  space . But those that are wi l l  require 
advance p l anning of launch support if c ha�geover is to  be 
prac t ic a l . 

The pane l a l so no tes the cont inu ing t rend toward the format ion of  
a Shut t le Opera t ions Organizat ion , which could be an important fac tor 
in achieving conf idence in any shut t le mani fes t . 

A ser ious l imitat ion to  a re l iab le  manifest  is  the ma intenance of  
an inaus t r i a l  base to  support the spares and rep lacement needs o f  the 
shut t le f lee t . The shut t le f leet  is  a sma l l one , with a low 
rep lacement rate . But accord ing to  Rockwe l l  Internat iona l , t o  ensure 
that a rep lacement Orbiter  is ava i l able  wi thin , say , an 18-24 month 
c a l l-up wou ld require a produc t ion capab i l i ty of  2 Orb iters on order 
a l l  the t ime ( or 1 every 2 years ) .  However ,  an e f f ic ient indus t r i a l  
base can b e  ma inta ined w i t h  a produc t ion r a t e  of  one Orbi ter about 
every 3 years a l ong with c ont inued produc t ion of spare par t s . But 
with an Orb i ter f leet operat ing at about 1 0  f l i ghts  per year and a 
los s rate of  1 t o  2 percent , the rep lacement order rate wou ld be one 
every 5 to 10 years , too low to re tain an e f f ic ient indus t r ia l  base . 
Inc reas ing the shut t le ' s  re l iabi l i ty t o  the point o f  not need ing any 
fur ther rep lacements nor an indu s t r i a l  base i s  not prac t ic a l  ( see 
F i gure C- 1 ) . 

A compromise wou ld be a shut t le produc t ion rate of  about one 
Orb i ter every 4 years a long w i t h  a nat iona l commi tment to aggres s ive 
use of  shut t le-unique capab i l it ie s . 

Copyright © National Academy of Sciences. All rights reserved.

Post-Challenger Assessment of Space Shuttle Flight Rates and Utilization
http://www.nap.edu/catalog.php?record_id=10615

http://www.nap.edu/catalog.php?record_id=10615


Appendix D 

SHUTTLE UTILIZATION 

Before the loss  of Cha l lenger , the shut t le f leet was fu l ly 
booked . There were even ind icat ions that shut t le was overbooked . 
Presentat ions t o  the pane l from severa l sources ind icated t hat the 
demons t rated f l ight rate of  10- 1 2  f l ight s per year wa s s evere ly 
s tres s ing shut t le operat ions capab i l i t ies a t  a l l  the a f fec ted NASA 
centers . The future manifes t through 1 9 9 1  ind ic ated a s t i l l  higher 
f l ight rat e .  

Pos t Cha l lenger , the achievab l e  f leet man i fe s t  wi l l  be 
s igni f icant ly l e s s  than the pre-Cha l lenger manifes t . The d i f ference 
between the 2 is  usual ly c a l led the "backlog . "  If accepted at face 
value , this backlog would cal l for f l igh t rates approaching 20 per 
year we l l  into the 1 9 90s in order to reduce it to zero . Some 
immediate re l ie f  was obta ined by o f f -load ing pay loads  t o  ELVs , a more 
v igorous ac t ion by the DoD than NASA but done nonethe less . The Augu s t  
15 , 1 986 Statement b y  the Pre s ident ind icates t h a t  commerc ial  
sate l l ites  in  the 1990s  ( once the pos t -Cha l lenger t rans i t ion is  
comp le ted )  also w i l l be o f f- l oaded . The pane l ant ic ipates further 
reduc t ion o f  the backload by acknowledg ing tha t  sate l l ites  not 
launched dur ing the trans i t ion phase  represent " s ervices not 
de l ivered , "  i . e . , the b locks o f  sate l l ites  tha t  were t o  be l aunched 
wi l l  s imp ly be pushed out in t ime and future buys reduced 
according ly .  Some sate l l i tes  may s imp ly not be launched at a l l--by 
the t ime they could be launched they wou ld be obsolete  for the purpose 
they were to serve . 

The backlog i s  a l s o  l ike ly to  be reduced by what i s  c a l led 
"d iscount ing" of the future manife s t . Exper ience shows that launch 
schedules  a year or more in advance are l ike ly t o  be t oo great by 
about 30 percent . The reasons have to do with de l ay s  in pay load 
de l ivery , unschedu led downt ime of t he launch vehic les , cance l lat ion or 
s t re tchou t  o f  programs for fund ing reasons , e tc . Whateve r the cause , 
the discount ing phenomenon i s  we l l  documented for both shu t t le and ELV 
f lee t s . 

Another c lear fac tor in the s i ze o f  the backlog , at  lea s t  in t he 
past , i s  the price charged for a shu t t le l aunc h .  ( There are more 
cus tomers for a f ree launch than for a "recovered cos t "  launc h . ) 
Reduced f l ight rate s and reduced performance w i l l increase per- f l ight 
c os t s  re l a t ive to ELVs for customers c harged f or shu t t le serv ice . 
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The ques t ion then remains o f  what f l ight  rate  reasonab ly matche s 
both the capab i lit o f  a shut t le f leet and a rea l is t ic ut i l izat ion 
( demand • From a pure ly techn�c a l  po �nt o v �ew � . e . , put t �ng as ide 
fund�ng cons iderat ions ) ,  there wi l l  c lear ly be a demand for 
man-c r i t ic a l  f l ight s  suc h  as  Space labs , l ife  and earth sc ienc e  
exper iments , recovery and repai r  miss ions . There wi l l  b e  a demand for 
shut t le-unique mis s ions ( sorties , short-durat ion on-or b i t  R&D ,  and 
certain c la s s i f ied low-orb i t  mi ss ions ) .  Co l lec t ive ly , these might 
amount to  3 or 4 f l ight s per year . 

The demand f or physical  sc iences was ini t ia l ly very high , 
par t icular ly s inc e phy s ic a l  sc iences  miss ions weren ' t  asses s ed launch 
c o s t s  as part of  proj ec t c os t s . But a severe d i senchantment has set  
in with unexpec ted costs , procedures , man-rat ing spec i f icat ions and 
de lays , par t icular ly for phys ical sc ience mis s ion.s that c ould be done 
a t  leas t as  we l l ,  i f  no t better , t echnica l ly on free f lyers launched 
by ELVs . In the l ong run , the demand wi l l  be for a launch capab i l i ty 
that pre serve s the momentum and oppor tunity for engaging out s tand ing 
sc ient i f ic t alent in meaningful researc h .  There fore , unt i l  the 
shut t le i s  seen t o  fu l f i l l  i t s  orig ina l purpose , the demand for 
phys ic a l  sc iences f l ight s  is  l ike ly to drop . In the short run , the 
phys ic a l  sc ienc e s  ut i l izat ion may we l l  be determined by the price , i f  
any , tha t  such mi s s ions are asses sed f o r  launch cost s .  Pr ior i t ie s  
be ing what they are , the ut i l izat ion r a t e  of  shut t le f o r  phy s ic a l  
sc iences  might be a 1 - 2  equiva lent shut t le f l ights p e r  year . ( Note : 
The number of  pay loads cons iderably exceeds the number of  equiva lent 
shut t le f l igh t s . )  

The greate s t  change in ut i l ization ,  however ,  i s  l ike ly for 
geosynchronous and o ther high-a l t itude mi s s ions . For the s e  mi s s ions , 
the shu t t le i s  "just  a t ruck . " I f  ful ly coa ted , i t  is  an expens ive 
t ruc k .  With t h e  canc e l l a t ion o f  Centaur as a shu t t le-compat i b l e  upper 
s tage , the shu t t le is , at lea s t  temporari ly , no l onger a 
high-performance path t o  high orb i t . The ELVs shou ld be expec ted to  
take ove r much o f  that c apab i l ity . Where les ser performance is  
acceptab le , cos t may be the determinate . As noted in Appendix E ,  the 
t o t a l  na t ional l aunch cos t is relat ive ly independent of the 
shut t le-ELV mix , imp ly ing tha t  cus tomers cou ld choose what appeared 
mos t  cos t e f fec t ive to them.  Many , but perhaps not a l l ,  wou ld op t for 
ELVs , depending on the price and ava i l abi l ity of  the various future 
launch options . 

The demand for the shut t le for Space S tat ion launches was , unt i l  
recent ly , relat ive ly high--8-10 f l ight s  per year . Te s t imony o f  J ohn 
Hodge to the House Subcommit tee on Spac e  Sc ience and App l icat ions 
( July 2 1 , 1986)  indicated tha t "Depend ing upon the future compos i t ion 
of this Nat ion ' s  apace launch f leet , it would be poss ible that the 
current Space Stat ion wou ld need t o  use both the shut t le and 
expendab le launch vehic les in support  of Space S t a t ion needs . "  It is  
the pane l ' s  e s t imat e  tha t  the demand in the 1990s to support the 
current Space S t at ion des ign wi l l  be rough ly equivalent to 2 more 
Orbi ters with an appropriate provis ion for a rep lacement i f  and when 
needed . I t  wou ldn ' t be surpris ing i f  1 -2 f l ight s  per year were 
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required for exper iment a l  purposes pr ior t o  the inc reased f l ight ra te 
dur ing cons t ruc t ion . 

E s t imat ing the demand for the S t ra tegic De fense Init iat ive ( SDI ) 
is  bes t done in 2 parts . Barr ing dras t i c  change s in the SD I program ,  
there wi l l  b e  a cont inuing need f o r  research f l ight s  requir ing manned 
intervent ion , sor t ie , recovery and repair mi s s ions --es sent ial ly 
"proo f-o f-concept" f l ight s o f  techno logica l ly very advanced systems . 
The shut t l e  cou ld be a good match t o  these systems , espec ia l ly i f  i t  
is  important to br ing them back f o r  ana ly s i s  and mod i f icat ion .  The SDI 
O f f ice , however ,  e s t imates its ut i l izat ion a t  only 1-2 f l ight s  per 
year for less than 10 years and no shut t le use in the dep loyment 
phase . However ,  even if the dec is ion were made early in the 1 990s to 
go into ful l-sca le deve lopment , the impac t on the shut t le f leet 
wou ldn 1 t be fe l t  for a t  leas t 5 years . A more l ike ly o_ccurrence wou ld 
be the deve lopment o f  a new launch vehic le ( heavy l i f t , unmanned ? )  
spec i f ic a l ly for SD I we igh t l i f t ing . 

One maj or cons iderat ion sugge s t s  a s igni f icant ly reduced shut t le 
ut i l izat ion as  compared with the NASA manifes ts . Proj ec ted cos t s  in 
the 1 990s o f  the NASA c iv i l  mis s ion mode l ( pay loads and 
transportat ion) used in the NASA/DoD Space Transpor tat ion Arc hi tec ture 
S tudy show a "bow wave" in c o s t s  far above l ike ly fund ing , dropp ing 
we l l  be low later , indicat ing a maj or shi f t  of programs into the next 
decade . 

Al l  things cons idered , a rate of 8-10 f l ight s  per year in the 
early to mid-l990s , prior to the cons truc t ion o f the Spac e S t a t ion , 
does not appear to  be much o f f  the t rack for a we l l-operated shut t le 
f lee t o f  3 Orb i ters . I f  the demand turns out to  be greater , the 
pr imary l ong lead i tem wi l l  be anothe r Orb iter . 
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Appendix E 

COST TRADE-OFFS 

Re l iable cos t t igures are d i f f icul t to c ome by at this t ime . 
Shut t le redes ign , rep l acement , and operat ions cos t s  are in f lux . 
Ti tan IV , MLV , and Titan I I  c o s t s  e i t her are being renegot iated or are 
compet i t ion-sens i t ive . The bes t tha t can be done is to use ex is t ing 
NASA and Air Force cost  data bases and shou ld-co s t  mod e l s  to determine 
the l ike ly c o s t  dr ive rs . Whi le by no means accura te enough tor budget 
purpose s ,  the i r  use in the pas t has proven useful  in determining 
f irs t-orde r t rade-o f f s , i . e . , more re f ined subsequent calculat ions 
seldom overturn the genera l  resu l t s . The ca lcu lat ions were performed 
by the Ae rospac e Corpora t ion .  

F igure s E- 1  and E-2 ind icate the t o t a l  launch cos t s  o f  various 
mixes ( see Tab le E- 1 )  of  shut t le s  ( STS ) , T itan IVs , med ium- ! aunch 
vehic les (MLVs ) and Titan lis  c orre spond ing re spec t ive ly to 24 and 1 6  
equiva lent shut t l e  f l igh t  loads pe r year depend ing upon the annua l 
deprec iat ion assumed for the shutt le f leet . Deprec iat ion inc ludes the 
cos t of rep lacements Orbi ters regard les s of cause . 

Comparing the 2 f igure s , the total  c o s t s  c learly depend upon the 
tota l f l ight load ; i t  cos t s  more t o  launch 24 than to  launch 1 6  
shut t le-equiva lent f l ight loads per year , though the increase i s  no t 
proport iona l . 

Taking e i ther f igure , i t  doesn ' t  make much d i f ference wha t mix is  
chosen , though at  more than a one percent deprec iat ion i t  cos t s  l e s s  
to  have fewe r rathe r  than more shut t les  in the mix . Such d i f ferences 
as occur may we l l  be wi thin the e s t imat ing accuracy . The ca lculat ions 
assume that each mix is s tab le ,  i . e . , c hange s from one mix to  ano ther 
could generate added cos t s  unles s the change s were we l l  p lanned in 
advance .  In any c ase , a commonly he ld as sumpt ion that ELV cos t s  are 
s imp ly an add-on t o  the ( f ixed ) cos t s  of the shut t le program i s  not 
substant iated by t he ava i lab le data bases and c o s t  mode l s  when a l l  
cos t s  are cons idered . 

Wha t is  more important to t o t a l  c o s t , again t aking e ither f igure , 
i s  the deprec iat ion rate for the shut t le f leet . Based on the 
logi s t ic s  cons ide rat ions d i scus sed in Append ix C ,  the deprec iat ion 
rate one might expec t is in the range of 1-2 percent . The c lear c o s t  
trade-o f f  here i s  be tween higher ( and ear l ier)  re l iabi l i ty improvement 
cos t s  and higher ( and late r )  depreciat ion cos t s . Safety wi l l  drive to 
the former ; near-term fund ing and schedu le pres sure could dr ive to  the 
lat ter . 
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F igure E- 1  Tot a l  Cos t Trends--Mixed F le e t  Op t ions S tud ied ( Case I )  
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TABLE I NATIONAL DEMAND MODEL POST FY- 9 1  

CASE I :  

CASE I I : 

TOTAL DEMAND OF 24 EQUIVALENT STS FLIGHTS 

STS 
TIV 
T i l  
MLV 

l:S 
1 1  

� 
12  

1 0  
10 

2 
9 

1 2  
9 
� 
6 

TOTAL DEMAND OF 1 6  EQUIVALENT bTS FLIGhTS 

STS 
TIV 
T i l  
MLV 

6 
0 
9 
b 

� 
4 
b 
3 

1 2  
2 
2 
3 

CASE I i s  a d iscounted vers ion o t  the na t iona l demand presentea by 
NASA Headquarters ( J . F i t t s ) . 

CASE I I  is a much more conservat ive vers ion ot  the nat iona l demand . 
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Appendix F 

A SUSTAINED MANNED SPACEFLIGHT PROGRAM 

Perhaps the s ing le mos t  important as sump t ion made in this  report 
i s  that  the nat ion i s  commit ted to a sus tained manned space f l ight 
program . If t rue , that commi tment has d irec t consequences to shu t t le 
operat ions . In part icular , un les s  the shut t le f lee t i s  ma inta ined 
dur ing the l �90s at approximate ly the rea l is t ic f l i�ht rates g iven in 
this repor t , the nece s sary foundat ions wi l l  no t exi s t  for manned Space 
S tat ions , SDI in- f l ight deve lopment , te s t ing of  tac t ic a l  inte l l igence 
and bat t le management concep t s , c l inica l research , countermeasure 
t e s t ing re lated to space adaptat ion , and deve lopment mate r ia l s ­
proc e s s ing systems that depend o n  the space env ironment . 

The rea l i s t ic or sus ta inab le f l ight rates in this report are based 
on supp ly cons t raints and mis s ion demand s for pre s ent ly commi t ted 
mis s ions , not those s t i l l  in conceptua l des ign . For examp le , Space 
S tat ion need s cannot be supported without what the Space S t a t ion 
D i rec tor proper ly c a l l s  a " robust  shut t le f leet . "  

The assump t ion o f  a nat iona l commitment to a sus ta ined manned 
s pace f l ight program wou ld be s e l f-evident were not an a l ternat ive 
under d i scus s ion in the government . Th i s  a l ternat ive wou ld  no t 
rep lace the present Orb i ter f leet ( e i ther 3 or 4 Orb i ters ) when 
and as needed but would le t the shut t le f leet  decrease through 
a t t r i t ion , re ly ing on a future vehic l e  f leet of more advanced vehic les  
to p ick up the manned f l ight e f fort  and on ELVa to launch a l l  pay loads 
not requ1r 1ng as t ronaut intervent ion .  The advanced manned vehic le 
usua l ly ment ioned is  the Nat iona l Aerospace P l ane ( NASP ) ,  though a 
mod i f ied shu t t le ( h igh safety , minima l c argo) is  a l s o  be ing d i s cussed . 

One d i f f icu l ty with the a l ternat ive as sump t ion ( shut t le a t t r i t ion) 
is  t iming . As the shu t t le i s  demons t rat ing ,  it takes at  lea s t  a 
decade t o  deve lop a space vehic l e  t o  the po int o f  re l iab le operat ion 
even when the techno logy is be l ieved to be in hand . Techno logy for 
the Nat iona l Aerospace P l ane is  no t ye t in hand and the s ize of  the 
vehic le contemp lated for the turn of the century is too sma l l  to  
hand le shu t t le-equiva lent pay load s . Mod i f icat ions t o  the shu t t le are 
under study , but they are no t yet pas t the concep tua l des ign phase . 
The a l ternate as sump t ion , there fore , wou ld pred ic tab ly resu l t  in a 
h iatus ( 5  t o  1 0  year s )  in manned f l ight , prec lud ing the Space S t a t ion 
p lanned for the 1990s . 
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A more ser iou s  d i f f icu l ty ,  however , wou ld be the imminent c o l lapse 
o t  the shut t le mani fes t .  As discussed in Append ix c, a t  1 0  f l ight s 
per year and a 1-2 percent los s rate , but with no rep lacements ,  the 
shut t le f lee t wou ld be down one Orb iter in about 5 years and down 2 in 
10 with correspond ing f l ight rates  of 7 and 4 ,  respec t ive ly , per 
year . Those rates wou ld hard ly hand le t he man-c rit ical mis s ions . In 
ant ic ipat ion o f  an uncertain launch future and t o  protec t their  
mis s ions , mis s ion d irec tors wou ld no  l onger des ign shut t le unique 
pay loads and for p l anning purposes would schedu le on ELVs . �LV 
produc t ion fac i l i t ies  wou ld expand according ly .  Thus , even before any 
losses might occur , the uncertainty in the future o f  the shut t le f leet 
could resu l t  in a c o l lapse o f  the 1�90s manifes t  and an inc reased c o s t  
p e r  f l ight , which would dea l manned space f l ight a ser1ous b low . 
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