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Nat iona l Secur ity and 
Internat iona l Affa irs Div is ion 

B-248285 

November 17, 1992 

The Honorab l e Barbara Boxer 
Cha ir, Subcommittee on Government 

Act iv it ies and Transportat ion 
Committee on Government Operat ions 
House of Representat ives 

Dear Madam Cha ir: 

As you requested, we have rev iewed the status of the Nat iona l Aeronaut ics and Space 
Admin istrat ion’s Advanced So l i d Rocket Motor program. Our pr imary ob ject ives were to (1) 
assess the extent to wh ich the need for the programehas changed and (2) determine the reasons 
for cost growth and schedu l e s l i ppage. 

Un less you pub l i c l y announce th is report’s contents ear l ier, we p lan no further d istr ibut ion unt i l 
30 days after its i ssue date. At that t ime, we wi l l send cop i es of the report to the Admin istrator, 
NASA, and appropr iate congress iona l committees. Cop i es wi l l a l so be made ava i l ab le to others on 
request. 

P lease contact me on (202) 275-5 140 if you or your staff have any quest ions concern ing th is 
report. The ma jor contr ibutors to the report are l isted in append i x I. 

Sincere ly yours, 

Mark E. Geb icke 
Director, NASA Issues 



Execut ive Summary 

Purpose The Advanced So l i d Rocket Motor is one of the Nat iona l Aeronaut i cs and 
Space Admin i strat ion’s (NASA) most expens i ve and controvers ia l  programs. 
Two reusab l e so l i d rocket motors are attached to the space shutt le to 
prov i de most of the thrust needed to l ift it into orb it. The advanced motor 
is be i ng des i gned to rep l ace the current motor, wh i ch is a redes i gned 
vers i on of the motor that caused the January 1986 Cha l l enger acc ident. 

The Cha ir of the Subcommittee on Government Act iv it i es and 
Transportat ion, House Committee on Government Operat ions, requested 
that GAO rev i ew the program’s status. The spec if i c ob j ect i ves were to 
(1) assess the extent to wh i ch the need for the program has changed and 
(2) determ ine the reasons for cost growth and schedu l e s l i ppage. 

Background On January 28, 1986, the Space Shutt lecha l l enger exp l oded short ly after 
l iftoff. The Pres ident ia l  Comm iss i o n estab l i shed to rev i ew the 
c i rcumstances of the acc i dent conc l uded that it was caused by a fau lty 
des i gn of the so l i d rocket motor f ie ld jo int-the area where segments of the 
motor are jo i ned together dur ing assemb l y operat i ons at the l aunch s ite. 
The motor was redes i gned to prevent a s im i l ar occurrence, and product i on 
of the redes i gned motor began in August 1987. 

At about the same t ime, in the 1988 NASA author izat ion act, the Congress 
approved the agency’s p l an to deve l op a new, advanced so l i d rocket motor 
to rep l ace the redes i gned motor and improve the shutt le’s performance 
and safety. The deve l opment program invo l ves construct ing and equ i pp i ng 
a manufactur i ng fac i l i ty at the Tennessee Va l l ey Author ity’s former Ye l l ow 
Creek nuc l ear p lant s ite near Iuka, Miss i ss i pp i . It a l so i nc l udes 
construct ing and mod ify i ng fac i l i t ies at other NASA l ocat ions. The Congress 
appropr iated about $1.2 b i l l i on for the program through f isca l year 1992. 

In its f isca l year 1993 budget subm iss i on, the admin istrat ion proposed 
terminat ing the advanced motor program. The Pres ident’s budget 
message, however, suggested that the execut i ve branch wou l d cons i der 
cont i nu i ng the program if the Congress i ncreased NASA'S tota l f isca l year 
1993 budget a l l ocat ion above the $15 b i l l i on requested. The Congress 
re jected the admin istrat ion’s proposa l  to terminate the program and 
appropr iated $14.3 b i l l i on for NASA, i nc l ud i ng $360 mi l l i on to cont i nue 
deve l op i ng the advanced motor and construct ing fac i l i t ies. Further, the 
Congress expects NASA to propose suff ic ient f isca l year 1994 fund i ng to 
ach i eve a December 1998 f irst l aunch date. 
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Resu l ts i n B r ief T h e  advanced motor program was  just if i ed on the bas i s  that it wou l d  
enhance the shutt l e’s  safety and re l i ab i l i ty and i ncrease its l ift capab i l i t y b y  
about 12,000 pounds. Wh i l e  these are st i l l  the expected resu l ts of the 
program, the need for the advanced motor has d im i n i s h ed s i n ce the 
program was  in i t i ated. T h e  n ew motor m a y  not be used for e ither of the 
two pay l o ads that were pro j ected to need the add i t i ona l  l ift capab i l i t y. In 
add i t i on, two adv i sory groups have quest i o ned whether NASA shou l d  
deve l o p a n ew motor when  the ex i st i ng redes i gned motor has proven safe 
and re l i ab l e. 

Between January 1988 and Ju l y  1992, the advanced motor’s  est imated 
deve l o pment cost i ncreased b y  about 95 percent-to $3.25 
b i l l i on-pr imar i l y a s  a resu lt of expand i n g the deve l o pment scope, 
i ncreas i ng construct i on costs, and add i n g cost reserves. T h e  schedu l e  for 
the f irst ASRM f l i ght has s l i p ped b y  over 2- l/2 years because of de l a ys i n 
award i ng the deve l o pment contract, fund i ng constra i nts, and a redes i gn of 
the bu i l d i ng where prope l l ant i s m i x e d  and cast. Program off ic i a l s sa i d  the 
program’s costs w i l l  e x c e ed $3.25 b i l l i on b ecause the f i sca l  year 1993 
fund i ng l eve l  w i l l  c a u s e  NASA to further stretch out the deve l o pment 
schedu l e . 

Pr inc i pa l  F i n d i n gs 

Advanced M o tor Is Be i n g T h e  advanced motor program was  i ntended to enhance the shutt l e’s  safety 
Des i g n ed to Enhance Shutt l e and re l i ab i l i ty through des i g n improvements and the use of automated 
Safety product i on. For examp l e ,  the advanced motor’s  prope l l ant des i g n and 

thrust shou l d  reduce the poss i b i l i t y of hav i n g to abort a m i s s i o n  and return 
the shutt l e to its l a unch s i te because of a fa i l ure i n one of the three 1, 
l i qu i d-fue l ed ma i n  eng i nes. A l so, NASA expects that us i n g automated 
product i on processes w i l l  reduce the amount of h uman  error i n 
manufactur i n g the motors. 

Advanced M o tor Ma y  Not Be NASA had ident i f i ed two spec i f i c pay l o ads a s  need i n g the add i t i ona l  l ift 
Used for Pay l o ads In it ia l ly capab i l i t y that the advanced motor cou l d  prov i de. T h e s e  were the 
Ident iCed Advan c e d  X-ray Astrophys i c s Fac i l i t y and the l aboratory modu l e s  for Spa c e  

Stat i on Freedom. Under NASA 'S current p l an, however, the advanced motor 
m a y  not be used for e ither pay l oad. NASA has redes i gned the x-ray 
observatory s o  that it w i l l  not need the add i t i ona l  l ift to be prov i ded b y  the 
n ew motor. In add i t i on, NASA i s  cons i der i ng a l ternat i ves to the shutt l e for 
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l a u nch i n g the space stat i on’s  components. Eve n  if NASA u s e s  the shutt l e to 
l a unch these components, the advanced motor w i l l  not be ava i l a b l e i n t im e  
for the p l a nned 1997 l a unch of the U.S. laboratory modu l e .  

Adv i sory Groups Quest i on 
the Nee d  for the Advanced 
M o tor Program 

T h e  Nat i ona l  Research Counc i l  a n d the Aerospace Safety Adv i s ory Pane l  
h a ve conc l u ded that the advanced motor program i nvo l v es h i gh techn i ca l  
a nd programmat i c  r i sks and shou l d  be recons i dered. T h e s e  groups have 
c i ted uncerta i nt i es w ith the n ew des i gn, potent i a l  improvements to the 
shutt l e that wou l d  be more cost-effect i ve, and the successfu l  performance 
of the redes i gned motor a s  reasons to quest i on the need for the advanced 
motor. 

Current Shutt l e M o tor 
Demonstrates Re l i ab i l i ty 

T h e  f irst shutt l e equ i p ped w ith the redes i gned motor was  l a unched i n 
September 1988. Through October 1992,26 shutt l e m i s s i o n s  had been 
successfu l l y  f l own w ith the redes i gned motor. Dur i ng th i s per i od, 
accord i ng to NASA, there has been no ev i d ence of s i gn i f i cant safety or 
re l i ab i l i ty prob l ems w ith the motor. A l so, the contractor for th i s program i s 
imp l ement i n g  a ser i es of improvements to further enhance the redes i gned 
motor’s  safety and re l i ab i l i ty. 

Program Costs Have  
Increased 

In January 1988, NASA est imated that the advanced motor wou l d  cost about 
$1.67 b i l l i on to deve l op. In Ju l y  1992, the agency est imated that the 
deve l o pment program wou l d  cost $3.25 b i l l i on, an i ncrease of 
$1.58 b i l l i on, or about 95 percent. Motor deve l o pment costs i ncreased b y  
$881 m i l l i o n (56 percent of the tota l i ncrease), fac i l i ty construct i on costs 
i ncreased b y  $250 m i l l i o n (16 percent), and NASA i n creased cont i n gency 
fund i ng i n the est imate b y  $450 m i l l i o n (28 percent). 

a 

F$rst F l i ght Schedu l e  Has  
@ ipped 

Between January 1988 and Ju l y  1991, the schedu l e  for the f irst ASRM f l i ght 
s l i p ped b y  31 months-from Ju l y  1994 to February 1997. T h e  l a unch was  
de l a yed b y  11 month s  because of a de l a y i n award i ng the deve l o pment 
contract. Fund i n g  constra i nts and a reest imate of the deve l o pment 
program requ i rements caused further de l a ys tota l i ng 14 months. 
Redes i g n i n g the prope l l ant m i x i n g  and cast i ng bu i l d i ng to conform to 
safety requ i rements caused another 6-month de l ay. 
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Further Cost Increases and T h e  est imated deve l o pment costs w i l l  i n crease further because Congress 
Schedu l e  S l i p page Expected appropr i ated $160 m i l l i o n l e ss than what was  requ i red i n f i sca l  year 1993 

to ma i nta i n  the ex i st i ng deve l o pment schedu l e . A s  a resu lt, NASA wi l l  have 
to add about 22 month s  to the deve l o pment schedu l e-de l a y i n g the f irst 
f l i ght unt i l  Dec ember  1998. T h e  program d irector stated that he cou l d  not 
yet quant i fy the cost impact of the stretch-out because the impact w i l l  
d e pend i n part on the amount of fund i ng ava i l a b l e i n subsequent f i sca l  
years. 

Recommend a t i o n s  GAO i s  not mak i n g  a ny recommendat i o n s. 

Agenc y  C omme n ts As requested, GAO d i d not obta i n a g ency c ommen t s  on th i s report. 
However, GAO d i s c ussed the i nformat i on i n th i s report w ith program 
mana g emen t  off ic i a l s and i ncorporated the ir c ommen t s  where appropr iate. 
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Chapter 1 

Introduct ion 

The Advanced So l i d Rocket Motor (ASRM) i s be i ng deve l oped for the 
Nat iona l  Aeronaut i cs and Space Admin i strat i on (NASA) to enhance the 
safety, re l iab i l i ty, and performance of the space shutt le. Each l aunch re l i es 
upon two so l i d rocket motors and three l i qu id-fue led ma i n eng i nes to l ift 
the spacecraft into orb it. The so l i d rocket motors prov i de about 80 percent 
of the requ i red thrust. Once operat iona l, ASRM i s to rep l ace the Redes i gned 
So l i d Rocket Motor (RSRM) on the rema i nder of the shutt le’s p l anned 
m iss i ons. 

Background On January 28, 1986, the Space Shutt le Cha l l enger exp l oded short ly after 
l iftoff. A Pres ident ia l  Comm iss i o n was estab l i shed to rev i ew the 
c i rcumstances surround i ng the acc ident, determ ine its probab l e cause, and 
deve l op recommendat i ons for correct ive act ion. The Commiss i o n 
conc l uded that the acc i dent was caused by a fa i l ure in the so l i d rocket 
motor f ie ld jo int-the area where segments of the motor are jo i ned together 
dur i ng assemb l y operat i ons at the l aunch s ite. The fa i l ure was due to a 
fau lty des i gn that was unacceptab l y sens it i ve to a number of factors, such 
as the effects of temperature. After the acc ident, NASA redes i gned the f ie ld 
jo int to prevent a recurrence of the prob l em and made other changes in the 
motor’s des i gn. Product i on of the redes i gned motors began in August 
1987, and the f irst redes i gned motor f lew in September 1988. 

At the s ame t ime the motor was be i ng redes i gned, NASA prepared a p l an for 
deve l op i ng an ent ire ly n ew and advanced motor to rep l ace the redes i gned 
motor. In the 1988 NASA author izat ion act, the Congress requ i red NASA to 
i ssue a request for proposa l s to acqu i re ASRM on a compet it i ve bas i s and 
stated that ASRM wou l d i ncrease the shutt le’s performance and enhance 
f l ight safety. The program invo l ves construct ing and equ i pp i ng a 
government-owned, contractor-operated manufactur i ng fac i l i ty at the 
Tennessee Va l l ey Author ity’s former Ye l l ow Creek nuc l ear p lant s ite near a 
Iuka, Miss iss ipp i. It a l so i nc l udes construct ing test fac i l i t ies at the Stenn i s 
Space Center near Bay St. Lou is, Miss iss ipp i, and mod i fy i ng or expand i ng 
other fac i l i t ies at Stenn is; the M i choud Assemb l y Fac i l i ty near New 
Or leans, Lou i s i ana; and the Kennedy Space Center near Cape Canavera l , 
F lor ida. As of August 1992, NASA reported that the des i gn was comp l ete for 
about 90 percent of the fac i l i t ies and that about 25 percent of the 
construct ion was comp lete. F i gure 1.1 shows the status of the Ye l l ow 
Creek manufactur i ng s ite. 
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F i gure 1 .l : Ye l l ow Creek Fac l l l ty 

Deskr i pt i on of ASRM ASRM cons i s ts of s i x  ma, j or components-the case, i nsu l at i on, l i ner, 
prope l l ant, nozz l e, and ign iter (see f ig. 1.2). T h e  motor i s be i n g deve l o ped 
to prov i de des i g n improvements over the current motor. T h e  proposed 
improvements i nc l u de (1) fewer j o i nts des i g ned into the motor, (2) j o i nts 
that rema i n  c l o sed dur i ng operat i on, (3) the e l im i nat i on of asbestos 
i nsu l at i on, and (4) a prope l l ant des i g n that m i n im i z e s  the need to thrott le 
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d own the ma i n  eng i n es dur i ng ascent. T h e  advanced motor i s expected to 
prov i de the shutt l e w ith about 12,000 pounds of added l ift capab i l i t y. 
(Some of these improvements are d i s c ussed further i n ch. 2.) 

F l gure 1.2: ASRM Conf igurat lon 

Nozz l e 
Par i that gu i des the 
d irect ion of the 

Ign iter 
Comoonent that starts the 
prope l l ant burn process. 

-2 

Case 
Three segments that 
form the ma i n  body 

v 
7 \L lner 

Components that bo lt ASRM 
case segments together. 

Mater ia l  that bonds the 
prope l l ant to the insu lat ion. 

a 

Pres i dent’s F ’i sca l  Year T h e  Pres i dent’s  f i sca l  year 1993 budget subm i s s i o n  proposed term inat i on 

i  9 9 3  Budget P roposed 
of the ASRM program. Accord i n g to the a c c ompany i n g  budget message, 
muc h  of the program’s just i f i cat i on had eroded, and a l ternat i ves were 

ASRM Term inat i on ava i l a b l e to offset the l o ss of ASRM’S l i ft capab i l i t y. T o  support the 
proposed term inat i on, the budget mes s a g e  c i ted the safety and re l i ab i l i ty of 
the ex i st i ng redes i gned motor, a reduced shutt l e f l i ght rate, and cost 
i n creases and schedu l e  s l i p page that had a l ready occurred i n the ASRM 
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program. The budget messag e  noted that ASRM'S tota l est imated cost had 
i ncreased substant i a l l y and that the f irst schedu l e d shutt le l a unch us i ng 
ASRM had s l i p ped by more than 2- l/2 years. However, the messag e  
suggested that the execut i ve branch wou l d  cons i der cont i nu i ng the ASRM 
program if the Congress i ncreased NASA'S budget a l l ocat i on for f isca l year 
1993 above the $15 b i l l i on requested. 

Term inat i on Wou l d  
Increase Sunk Cost 

Through f isca l year 1992, the Congress has appropr i ated about $1.2 b i l l i on 
for the ASRM program. NASA est imated that it wou l d  need about 
$300 m i l l i on in n ew budget author ity if the ASRM program was term inated 
in October 1992. Th i s est imate i nc l uded the costs assoc i ated w ith 
term inat i ng the pr ime contract and ha lt i ng efforts to integrate ASRM with 
other shutt le components and mod i fy l a unch s ite equ i pment. The est imate 
a s s umed that a l l  equ i pment and fac i l i t i es that were go-percent comp l ete 
wou l d  be f i n i shed and a l l  e xposed fac i l i t i es wou l d  be enc l osed. 

In add i t i on to these d irect costs of terminat i on, NASA i dent if i ed a number of 
ind irect costs to be i ncurred if ASRM was term inated. They i nc l uded costs 
assoc i ated w ith a program to e l im i nate asbestos from the redes i gned motor 
and the costs for add i t i ona l  shutt l e f l i ghts to support l aunch i ng Space 
Stat i on Freedom. 

Congress Re j ected 
Te-at i on P l an 

- 

Term inat i ng ASRM wou l d a l so i ncrease the comp l ex i ty of assemb l i n g the 
space stat ion. W ithout ASRM, equ i pment for use in the U.S., Japanese, and 
European laborator ies wou l d  have to be sent up on f l i ghts separate from 
those carry i ng the laborator ies. Astronauts wou l d  have to transfer the 
equ i pment from the shutt le to the laborator ies and check out the i ntegrated 
l aboratory systems in orb it rather than on the ground. However, accord i ng 
to NASA, the add i t i ona l  a ssemb l y  and ver if i cat ion act iv i t i es shou l d not be of 
ma j or consequence s i nce the agency wou l d  have 5 years to p l an for them. a 

The Congress re j ected the adm in i strat i on’s proposa l  to term inate the 
program in f isca l year 1993 and set NASA'S f isca l year 1993 appropr i at i on 
at $14.3 b i l l i on. The appropr i at i on act prov i des $360 m i l l i on for the ASRM 
program, i nc l ud i ng $195 m i l l i on for motor deve l o pment and $165 m i l l i on 
for construct i on of fac i l i t i es. The conference report accompany i n g  the act 
stated that NASA i s expected to propose suff ic i ent f isca l year 1994 fund i ng 
to ma i nta i n a December 1998 f irst l aunch of ASRM. 
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Ob ject i ves, Scope, a n d  T h e  Cha i r of the Subcomm i t t e e  on Government Act i v i t i es and 

Me thodo l o gy 
Transportat i on, Hous e  Comm i t t e e  on Government Operat i ons, requested 
that we  rev i ew the status of the ASRM program. Our pr imary ob j ect i ves 
were to (1) a s s e s s  the extent to wh i c h  the need for the program has 
changed and (2) determ i ne the reasons for cost growth and schedu l e  
s l i p page. 

W e  rev i ewed the program’s budget subm i s s i o n  documentat i o n, cost 
est imates, ob l i gat i on p l ans, l eg i s l at i ve h istory, contract documentat i o n, 
term inat i on ana l y ses, and pro j ect p l ann i ng documentat i o n. W e  then 
d i s c ussed cost, schedu l e , and performance i s s ues w ith program 
manag ement,  eng i neer i ng, qua l i ty assurance, and procurement off ic i a l s at 
NASA Headquarters, Marsha l l  Spa c e  F l i ght Center, and Johnson Spa c e  
Center. W e  a l s o d i s c ussed the rat i ona l e for cont i nu i ng the ASRM program 
w ith representat i ves of the Nat i ona l  Research Counc i l ,  Aerospace Safety 
Adv i s ory Pane l ,  and Congress i o na l  Research Serv i ce. 

T o  a s s e s s  cost and schedu l e  i s sues, we  re l i ed on off ic i a l  program est imates 
a s  we l l  a s  d i s cuss i o ns w ith NASA and contractor off ic i a l s. T o  a s s e s s  the 
performance of RSRM, we rev i ewed contractor re l i ab i l i ty a s s e s sment s  and 
d i s c ussed the ir content w ith NASA and contractor off ic i a l s. 

W e  performed our rev i ew from February 1992 through October 1992 i n 
accordance w ith genera l l y  accepted government aud i t i ng standards. As  
requested, we  d i d not obta i n wr itten c ommen t s  on a draft of th i s report; 
however, we  d i s c ussed its contents w ith program mana g emen t  off ic i a l s and 
i ncorporated the ir c ommen t s  where appropr iate. 
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Chapter 2 

Need for Advanced Motor Des ign Has 
D im in ished 

Although NASA sti l l be l i eves the advanced motor wi l l prov i de advantages 
over the ex ist ing redes i gned motor, the need for ASRM has d im in i shed s i nce 
the program was f irst author ized. For examp l e, the advanced motor may 
not be used for l aunch i ng e ither of the two spec if i c pay l oads or ig ina l l y 
ident if ied as need i ng the add it i ona l l ift it is expected to prov ide. In 
add it i on, NASA adv i sory groups have quest i oned whether the redes i gned 
motor, wh i ch has a known re l iab i l i ty, shou l d be rep l aced with an unproven, 
a lbe it advanced, des i gn. 

ASRM Or ig ina l l y 
Just if ied to Enhance 
Safety and Rel iab i l i ty 

The ASRM program was i ntended to enhance the safety and re l iab i l i ty of the 
shutt le through improvements’to the motor’s des i gn and the use of 
automated product i on processes. The proposed des i gn improvements 
inc l ude f ie ld jo ints that c l ose rather than open when the motor is ign ited, 
we l ded case segments, an improved prope l l ant, a redes i gned nozz le, and 
asbestos-free insu lat ion. 

For examp l e, the advanced motor’s prope l l ant des i gn and thrust shou l d 
reduce the poss ib i l i ty of hav i ng to abort a m iss i on and return to the l aunch 
s ite if one of the shutt le’s l i qu id-fue led ma i n eng i nes shuts down ear ly in 
the l aunch. Equ i pped with the redes i gned motor, the shutt le wou l d have to 
return to its l aunch s ite if one of its three ma i n eng i nes shuts down in the 
f irst 2- l/2 to 3 m inutes of f l ight. For s ome miss i ons, ASRM wou l d reduce 
th is w i ndow of vu lnerab i l i ty by up to one-ha lf, accord i ng to the ASRM 
pro ject manager. A lthough it has never been attempted, NASA cons i ders a 
return to l aunch s ite abort to be a h igh-r isk procedure. 

Also, ASRM'S prope l l ant is des i gned to burn in ‘a way that wi l l m in im i ze the 
need to thrott le d own the shutt le’s ma i n eng i nes dur i ng the per i od of 
max imum dynam i c pressure-the per i od dur i ng l aunch where the 
aerodynam ic forces on the shutt le are the greatest. Accord i ng to NASA, th is 
wi l l e l im inate the effects of approx imate l y 150 fa i l ure poss ib i l i t i es. If one 
of these fa i l ures occurs dur i ng the thrott le d own process, an e lectr ica l or 
hydrau l i c l ock-up cou l d cause the thrott le to st ick, prevent i ng the ma i n 
eng i ne from return ing to fu l l power. W ithout suff ic ient power, the shutt le 
wou l d have to abort its m iss i on, 

The shutt le has never exper i enced a stuck thrott le dur i ng th is stage of 
f l ight, and the l i ke l i hood that th is wou l d occur is sma l l , accord i ng to NASA. 
However, e l im inat ing the effects of a stuck thrott le is c lear ly benef ic i a l  and 
cou l d potent ia l l y prevent the loss of a m iss i on. 

Page 1 3  GAO/NSIAD-93-2 6  Advanced So l i d Rocket Motor 



Chapter 2  
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Automat i n g  product i on processes i s expected to reduce h uman  error i n 
manufactur i n g shutt l e motors. Accord i n g to NASA, a s  ma n y  as  ha lf of the 
past so l i d  rocket motor d i s crepanc i e s resu l ted from h uman  i n vo l v ement i n 
the manufactur i n g process. Wh i l e  these d i s crepanc i e s were detected and 
appropr i ate l y addressed, NASA p l a ns to automate a w i d e range of 
product i on act i v i t i es on the advanced motor. T h e s e  i nc l u de m i x i n g  
prope l l ant, app l y i n g i nsu l at i on and adhes i v es, and c l ean i n g motor cases. 

NASA cons i d ers prope l l ant m i x i n g  to be the mos t  advanced and important 
aspect of the automat i o n strategy. Under the current p l an, prope l l ant 
wou l d  be cont i n uous l y  m i x e d  and d i rect l y poured into the motor cases. T h e  
process wou l d  rep l ace the current pract i ce of batch m i x i n g  i n wh i c h  about 
165 i nd i v i dua l  conta i ners of prope l l ant are m i x e d  i n separate fac i l i t i es (to 
avo i d  l arge exp l os i o ns) and then transported to be poured into the motor. 

ASRM Ma y  Not Be  
Used  for Pay l o a d s 
In it ia l l y Ident if i ed 

NASA stated that ASRM 'S add i t i ona l  l ift capab i l i t y w i l l  offer enhanced 
f lex ib i l i ty i n des i g n i n g pay l o ads and in i t i a l l y i dent i f i ed two shutt l e pay l o ads 
requ ir i ng the added l ift-the Adva n c e d  X-ray Astrophys i c s Fac i l i t y and 
Spa c e  Stat i on F r e e d om’s laboratory modu l e s . However, the x-ray 
observatory m a y  no l onger need ASRM, and the n ew motor w i l l  not be 
ava i l a b l e i n t im e  to l a unch the space stat i on’s  U.S. laboratory modu l e .  

Or ig i na l l y, NASA i n tended to l a unch the x-ray observatory on the shutt l e 
us i n g ASRM. Becau s e  of its we i ght, the observatory requ i red ASRM 'S l ift 
capab i l i t y to ach i e ve its orb it. However, NASA l ater dec i d ed to redes i gn the 
observatory and l a unch it on two separate m i s s i o n s. NASA p l a ns to l a unch 
one c omponent  of the redes i gned observatory on the shutt l e and the other 
on an expendab l e  l a unch veh i c l e. T h e  shutt l e- l aunched pay l o ad w i l l  requ ire 
an e l l i pt i ca l  orb it rang i ng from about 6,000 to 60,000 m i l e s-a d i stance 
that the shutt le, even w ith ASRM, cannot atta in. Therefore, NASA i s  p l a nn i ng l  

to add propu l s i on stages to that pay l oad, and ASRM wi l l  not be needed. 
Accord i n g to the observatory pro j ect manager, the advanced motor wou l d  
st i l l  b e  he l pfu l  b e cause it wou l d  a l l ow more f lex ib i l i ty i n des i g n i n g the 
observatory, but NASA i s  not re l y i ng on ASRM 'S ava i l ab i l i ty to l a unch the 
observatory. 

In add i t i on, ASRM ma y  not be needed to l a unch and dep l o y Spa c e  Stat i on 
Freedom. In August 1992, the NASA Admin i strator estab l i s hed a t e am to 
a s s e s s  the feas ib i l i ty of comp l e t i n g the space stat i on program us i n g a n ew 
heavy l ift l a unch veh i c l e  der i ved from ex i st i ng l a unch veh i c l e s. A l l  of the 
a l ternat i ves under cons i derat i on wou l d  prov i de for dep l o y i n g the space 
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stat i on w ith a comb i n at i o n of the n ew heavy l ift veh i c l e  and the shutt l e a s  
current l y conf i gured w ithout ASRMS. As a resu lt, if a n y of the opt i ons are 
approved, the space stat i on program wi l l  not depend on ASRM’S ava i l ab i l i ty. 
NASA p l ans to comp l e t e the study and ma k e  any recommendat i o n s  b y  
December  1992. 

Eve n  if NASA uses the shutt l e equ i p ped w ith ASRM  to l a unch stat i on 
components, the motor w i l l  not be ava i l a b l e i n t im e  to l a unch the U.S. 
laboratory modu l e .  NASA prev i ous l y p l a nned to l a unch the l aboratory on the 
f irst ASRM-equ i p p e d  shutt l e i n February 1997.’ However, accord i ng to the 
program d irector, the n ew motor w i l l  not be ava i l a b l e unt i l  Dec ember  1998 
(see ch. 3). 

Beca u s e  ASRM wi l l  not be ava i l a b l e i n t im e  to l a unch the U.S. laboratory 
modu l e ,  NASA wi l l  h a v e to add one shutt l e f l i ght to the stat i on a s s emb l y  
schedu l e , if the shutt l e i s u sed for dep l o y i n g the stat ion. T h e  one add i t i ona l  
f l i ght w i l l  b e  needed to transport equ i pment to be i nsta l l ed i ns i de the 
l aboratory modu l e .  Accord i n g to the ASRM  program d irector, the advanced 
motor wou l d  be ava i l a b l e i n t im e  to l a unch the Japanese and European 
l aboratory modu l e s . Us i n g  ASRMS wou l d  a l l ow NASA to l a unch these 
c omponen t s  fu l l y outf itted w ith equ i pment. 

ASRM’s Comparat i v e  
Adkntage Over the 
Curkent M o tor Is 
Quest i o n ed 

Wh i l e  the n ew des i g n features and automated manufactur i n g processes 
ho l d the potent i a l  for a more re l i ab l e and safer motor, ASRM’S des i g n i s a s  
yet unproven, and its re l i ab i l i ty w i l l  not be k n own for a l ong t ime .  As  a 
resu lt,, two NASA adv i sory groups have r e c ommend e d  that the agency 
recons i der its dec i s i o n to deve l o p the advanced motor. Accord i n g to these 
groups, the advanced motor’s  h i gh techn i ca l  a nd programmat i c  r i sks, 
together w ith the redes i gned motor’s  proven performance, ma k e  
deve l o pment of the advanced motor unnecessary. 

Adv i sory Groups Quest i on Both the Nat i ona l  Research Counc i l  a n d the Aerospace Safe l y  Adv i s ory 
De-& i on to Cont i n ue MRM ’s Pane l  h a ve quest i o ned whether ASRM wi l l  b e  safer and more re l i ab l e than 
Devk l o pment RSRM and have r e c ommend e d  that the program be recons i dered. Accord i n g 

to the Research Counc i l ,  NASA shou l d  re ly on RSRM s i n ce it h a s proven to be 
re l i ab l e. 

‘Accord i ng to the space && i on program manager, the l aunch date for the U.S. laboratory modu l e  cou l d 
s l i p by about 6 months due to fBca1 year 1993 fund ing constra ints. 
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T h e  Research Counc i l  a l s o stated that it be l i e ves the ASRM program 
conta i ns h i gh techn i ca l  a nd programmat i c  r i sks. For examp l e ,  i n a 
199 1 report,2 the Research Counc i l  quest i o ned the des i g n of the MGRM  f ie l d 

jo i nt and we l d ed factory jo int. Accord i n g to the Counc i l ,  the ASRM f ie l d jo i nt 
i s more c omp l e x  and more d iff icu lt to ana l y ze than the f ie l d jo i nt i n the 
current motor. T h e  Counc i l  a l s o sa i d  that we l d i n g the factory j o i nts 
i ntroduces the poss i b i l i t y of stress cracks occurr i ng after f ina l i n spect i ons 
but pr ior to l aunch. NASA be l i e ves that l im i ted test resu l ts s h ow that the 
we l d ed area i s res i stant to stress crack i ng, but the agency agrees that 
further ana l y s i s  and test i ng are requ ired. 

In 1989, the Aerospace Safety Adv i s ory Pane l  a l s o quest i o ned the need for 
the n ew motor s i n ce ma n y  other e l ements of the shutt l e s y s t em cou l d  be 
rep l aced or mod i f i e d to contr i bute more to improv i n g safety.” For examp l e ,  
Pane l  off i c i a l s to l d u s  that NASA cou l d  better use ASRM deve l o pment funds 
to restore the ma i n  eng i n e a l ternate fue l turbopump deve l o pment. Th i s  
improvement wou l d  i ncrease the ma i n  eng i n e’s  safety, eff i c i ency, and l i fe 
expectancy, accord i ng to NASA off ic i a l s. 

T h e  Pane l  a l s o quest i o ned whether NASA cou l d  h ave a s  h i gh conf i d ence i n 
ASRM as i t d o es i n RSRM unt i l  the ASRM has f l own as ma n y  t im e s  as  the 
current motor. Under the current schedu l e , NASA wi l l  l a unch the 
RSRM-equ i p p e d  shutt l e about 75 t im e s  before ASRM i s  ava i l ab l e. On the 
bas i s  of the current expected shutt l e f l i ght rate of e i ght m i s s i o n s  a year, 
NASA wou l d  not have equ i va l ent conf i d ence i n ASRM’S re l i ab i l i ty unt i l  at l east 
9 years after it i s f irst l aunched. 

RSRM Is Perform ing W e l l Whe n  ASRM  was  f irst approved, NASA had no actua l  f l i ght exper i e nce w ith 
the redes i gned motor. Through October 1992, RSRM has successfu l l y  f l own 
26 t ime s .  S i n c e  the January 1986Cha l l e nger acc i dent, NASA has enhanced 
its safety organ i zat i on and i ncreased the number of qua l i ty assurance 
i nspect i ons. Fo l l ow i ng each l aunch, the so l i d  rocket motors are 
d i s a s s emb l e d  and i nspected. T o  date, these i nspect i ons have ident i f i ed no 
ma j o r des i g n prob l ems, accord i ng to NASA. 

Another measure  of the motor’s  qua l i ty i s the number of prob l em reports 
generated dur i ng pref l i ght i nspect i ons. A  prob l em report i s wr itten when  

‘T h e  Space Shutt le Advanced So l i d Rocket Motor, Qua l i ty Contro l and Test i ng, Nat iona l  Research 
Counc i l , 1991. 

3Annua l  Report, Aerospace Safety Adv i sory Pane l , March 1989. 
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any character i st i c of the RSRM motor v i o l ates eng i neer i ng requ i rements. 
Accord i n g to NASA, these reports have decreased from 470 w ith the f irst 
RSRM f l i ght set d own to on l y  20 w ith the 26th f l i ght set. 

One recent prob l em w ith the redes i gned motor occurred on September 18, 
1992, when  a f ie l d jo i nt sea l  l e aked dur i ng a pref l i ght pressure check. NASA 
determ i ned that a p i e ce of f i l l er had b e c ome d i s l o dged and creased an 
O-r ing sea l . A l though the jo i nt conta i ns two add i t i ona l  O-r i ngs and other 
safety features to prevent hot gases from escap i n g, NASA d i s a s s emb l e d  the 
motor s e gments  and i nsta l l ed n ew f i l l er and O-r ings. NASA is n ow 
cons i der i ng a n umber of manufactur i ng, packag i n g, and i nspect i on 
changes to ensure that the f i l l er w i l l  stay i n p l ace. 

T h e  RSRM contractor i s imp l ement i n g  a program to further enhance RSRM’S 
safety and re l i ab i l i ty. T h e  improvements i nc l u de upgrades to the prope l l ant 
m i x i n g  and cast i ng fac i l i t i es, a n ew f ina l a s s emb l y  process i n g fac i l i ty and 
operat i ons center, and upgrades to the computer system. Ma n y  of these 
improvements are a l ready comp l e ted, and a l l  of t h em are expected to be i n 
p l a ce b y  December  1994. 

T h e  Aerospace Safety Adv i s ory Pane l  be l i e ves the contractor has vast l y 
improved its manufactur i ng, test, and a s s emb l y  operat i ons. In 1991, the 
Pane l  noted that the contractor had ma d e  “impress i v e str i des i n the qua l i ty 
of industr ia l  operat i ons” and was  cont i nu i ng efforts to enhance its 
operat i ons through add i t i ona l  automat i o n and procedura l  upgrades.4 

4Annua l  Report, Aerospace Safety Adv i sory Pane l , March 199 1. 

Pag e  1 7  GAOINSIAD-92 - 2 6  Adv a n c e d  So l i d  Rocket Motor 



Chapter 3 

Program  Cost Increases and Schedu le De lays 
W il l L ike ly Cont inue 

The ASRM cost est imate has i ncreased by about $1.58 b i l l i on s i nce the 
program was author ized, and the schedu l e for the f irst f l ight has s l i pped by 
over 2- l/2 years. Program off ic ia ls be l i eve costs wi l l i ncrease further 
because the f isca l year 1993 fund i ng leve l wi l l cause NASA to further stretch 
out the program schedu l e. 

ASRM Costs Have 
Increased 

In January 1988, NASA est imated that it wou l d cost about $1.67 b i l l i on to 
deve l op ASRM. Through Ju ly 1992, the program’s deve l opment cost had 
i ncreased by about 95 percent to $3.25 b i l l i on (see tab le 3.1). 

Tab l e 3.1: Changes In ASRM Program 
Cost Est imates 

Est imate date 
January 1 9 8 8  
March 1 9 9 0  

Ju ly 1 9 9 0  

March 1 9 9 1  

Ju ly 1 9 9 1  

Ju ly 1 9 9 2  3.25 

Tota l ro ram 
est imate bi l l ons) Pf 

$1.67 
2.46 

2.50 

2.55 

3.00 

Reasons for change 
Cost Increase 

(n l! l l lorJs) 

l Added s ix f l ight sets 
*Added motor 

h a r dware 
l Construct i on cost 

i ncrease 
l Schedu l e  s l i ppage 
l Construct i on cost 

i ncrease 
l Construct i on cost 

i ncrease 
l Def i ned requ i r ements 
l Add it i ona l  cont i ngency 

j und i ng 
l Add it i ona l  cont i ngency 

fund i ng 

$ 5 1 0  
2 0  

1 6 4  

1 0 1  
3 6  

5 0  

2 5 0  
2 0 0  

2 5 0  

Increases assoc i ated with motor deve l opment accounted for $88 1 mi l l i on 
of the tota l i ncrease. The most s ign if icant contr ibutor to the deve l opment 
cost i ncrease was NASA'S dec i s i on to i nc l ude the product i on of the f irst s ix 
ASRM f l ight sets in the deve l opment cost est imate. Also, NASA based the 
in it ia l cost est imate on an insuff ic ient amount of reusab l e motor hardware 
to support the f l ight and test program. In March 1990, NASA i n creased the 
est imate to cover the add it i ona l hardware. That s ame month, NASA a l so 
i ncreased the est imate to account for a l-year stretch-out in the 
deve l opment program. In Ju ly 199 1, NASA aga i n i ncreased the deve l opment 
cost est imate to ref lect a better def in it ion of the requ i rements for the 
techn ica l  cha l l enges assoc i ated with the advanced motor’s des i gn. Th i s 
est imate was based on a deta i l ed ana l ys i s of ASRM deve l opment tasks, 
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whereas prev i ous est imates were based on cost exper i e nce w ith other so l i d  
rocket motors. 

T h e  construct i on cost est imate i ncreased b y  a tota l of $250 m l l l i o n when  
NASA reest imated the fac i l i ty costs after the contract was  f i na l i zed and 
added fund i ng for the Stenn i s  test fac i l i ty and p l ant equ i pment. T h e  in it ia l  
cost est imate was  based on the assumpt i o n  that the deve l o pment 
contractor wou l d  prov i de pr i vate f i nanc i ng for construct i on of fac i l i t i es 
wh i l e  subsequent est imates are based on government fund i ng for 
construct i on. S i n c e  Ju l y  199 1, NASA i n creased the cont i n gency fund i ng, or 
cost reserves, i n the est imate b y  $450 m i l l i o n. Cost reserves had been 
l arge l y dep l eted to cover changes i n the program up to that t ime .  

L a u n c h  Schedu l e  Has  Between January 1988 and Ju l y  1991, the schedu l e  for the f irst ASRM 

S l i pped l a u nch s l i p ped b y  31 months-from Ju l y  1994 to February 1997. T h e  
s l i p page was  caused b y  a de l a y i n award i ng the deve l o pment contract 
(11 months), fund i ng constra i nts and a reest lmate of deve l o pment 
program requ i rements (14 months), and a redes i gn to strengthen a wa l l  l n 
the prope l l ant m i x  and motor cast fac i l i ty (6 months). T h e  wa l I had to be 
strengthened to conform to safety requ i rements, 

Further Cost Increases T h e  ASRM deve l o pment cost est imate w i l l  i n crease above $3.25 b i l l i on 

a n d  Schedu l e  De l a y s because the f i sca l  year 1993 fund i ng l eve l  w i l l  c a u s e  NASA to extend the 
deve l o pment program by about 22 months. Th i s  stretch-out w i l l  d e l a y the 

Are Ant i c i pated f irst f l i ght unt i l  Dec ember  1998. T h e  program requ i red $520 m i l l i o n i n 
f i sca l  year 1993 to ma i nta i n  its ex i st i ng schedu l e , but was  appropr i ated 
$360 m i l l i o n. A s  a resu lt, mu c h  of the deve l o pment act i v i ty p l a nned for 
f i sca l  year 1993 w i l l  b e  performed later i n the program. Wh e n  deve l o pment 
efforts are performed later than or i g i na l l y p l anned, the effects of inf l at i on 
mus t  be cons i dered. In add i t i on, certa i n fured costs s u c h  a s  eng i neer i ng 
support are i ncurred for a l onger per i od of t ime .  

T h e  ASRM program d irector stated that he cou l d  not quant i fy the cost 
impact of the add i t i ona l  schedu l e  s l i p page unt i l  the program’s outyear 
fund i ng prof i l e i s known. He  be l i e ves adequate fund i ng i n f i sca l  years 1994 
and 1995 w i l l  he l p to m i n im i z e  the i n creases to the program’s tota l 
d eve l o pment cost. 
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