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ABSTRACT 

Lockheed Propulsion Company has  elected to submit Addendum 1 in 
support of the March 8, 1972 presentation at NASA/MSFC. 

This addendum reflects  the resul ts  of the redistribution of b a s e l h e  
costs, which have provided LPC with better  visibility into the pro  - 
gram content. 

The addendum section reflects  the f i rm  LPC cost position as vectored 
f rom the baselice vehicle with the appropriate rationale. 
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This document is Book 3,  Cost Estimating Data, Baseline - Revision 1, 
Technical Report. It is a part of Lockheed Propulsion Company's final r e -  
port for the Study of Solid Rocket Motors fol a Space Shuttle Booster. The 
final report  consists of the following documents: 

Volume I Executive Summary 

Volume LI Technical Report 

Book 1 Analysis and Design 

Book 2 S~~pport ing Research and Technology 

Book 3 Cost Estimating Data 

Volume I11 Program Acquisition Planning 

Volume IV Mass Properties Report 
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Section 1 

SUMMARY 

Lockheed Propulsion Company's objective f rom the outset of the Space 
Shuttle 2 rog ram has been to provide conlplete and conservative design and 
cost pa ramete rs  for an expendable Solid Rocket Motor (SRM) Booster Vehicle 
for  the Space Shuttle Program.  With this approach, LPC has attempted to 
identify the maximum technical and cost r i sk s  that could be encountered by 
NASA in enlploying a solid rocket motor a s  the Space Shuttle Booster Vehicle. 
Therefore,  LPG believes that the baseline vehicle costs presented in this 
repor t  a r e  distinctly conservative and will be reduced upon further definition 
and detailed estimating. Two i tems,  which LPC has not included and which 
will affect a fixed-payload program cost, a r e  escalation and profit, both of 
which were directed in the Study Contract to be deleted f rom consideration, 

As directed by NASA, LPC also  attempted to determine "hard" versus  "soft" 
costs, and an upper band was established above the baseline for a "worst 
cdnciition." As a resul t  of Lockheed's solid rocket motor experience, the 
propulsion system costs a r e  "hard" and, therefore, an  upper limit of 2 pe r  - 
cent on the SRM cost has been defined. LPC bzlieves that the Stage costs 
a r e  "soft" and a 30-percent upper limit on the Stage cost was established. 
With the SRM and Stage combined, a total  of 10-percent upward variation 
has been identified in the Booster Vehicle (VG'BS 3.3) P rog ram costs. A 
lower range has a lso  been established, which identifies potential reductions 
for thrust  vector control, thrust  termination, and recovery. 

The Booster Vehicle selected a s  the baseline configuration i s  a paral le l -  
burn (two-motor) 156-inch-diameter SRM vehicle s ized for the large  
(65,OO 0 -pound) Orbiter  payload. The baseline program assumed for study 
purposes includes a 5-year (1973 - 1978)'development/qualification program, 
a 13-year (1976 - 1988) production program, and an 11-year (1978 - 1988), 
440 vehicle launch program. 

The development program includes 25 SRMs; 5 development motor tes ts ,  
4 P F R T  motor tes ts ,  2 inert  booster vehicles (2 SRMs per  vehicle) and 6 
launches (1 unmanned and 5 manned flights with 2 SRMs per  vehicle). All 
25 motors in the development program will be fabricated in LPC's  existing, 
large -motor Po t re ro  manufacturing facility. The development program 
schedule was established a t  5 years to minimize annual funding and could 
be shortened by a s  much a s  1 year without impacting the launch s chedule. 

The production program of 440 launches includes manufacture of 883 SRMs 
(880 for launches and 3 for production facility s tar t -up demonstratien) and 
440 s e t s  of Stage hardware. I?le to the nature of the solid rocket motor ,  
quality i s  ensured by the facility process  controls in manufacturing. Thus 
a three-motor t es t  program i s  planned to demonstrate that the production 
facilities will reproducibly deli-ver the SRiMs qualified during development. 
As directed in the Study Contract, a l l  launches were considered to be f rom 
Kennedy Space Center (KSC). 
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Lockheed Propulsion Company, a s  pr ime contractor for the Booster Vehicle, 
would utilize all of the industry production capability before additional facility 
expansion. LPC would subcontract to a t  least  two othei. SRM manufacturers 
for a portion of the production motors.  Additionally, all components would 
be considered for dual procurement to ensure  a redundant capability for 
Booster Vehicle delivery. This LPC plan provides Booster Vehicle procure - 
rnent a t  a very  low r i sk  to NASA in the event of a labor, facility, o r  mate r ia l  
problem a t  any t ime during the program. This approach a lso  resul ts  in a 
relatively low facility expansion cost ($25.7 million) for the production pro-  
g ram and avoids the building of a brand new facility, which would cost 
approximately $ 7  0 million. 

The three  production facility s tar t -up demonstration tes t s  a r e  considered 
adequate by LPC to qualify the th ree  production facilities (LPC and two others)  
for the baseline costing effort. It was considered that NASA might des i re  
additional testing to qualify the new subcontractors ("second sources") and, 
therefore,  nine motor tes ts  were included in establishing the upper limit: 2 -  
per cent variation in SRM costing. However, LPC recommends only three 
tes ts  and has used this in the baseline cos.i;ing. 

Previously, i t  has been stated that the baseline design i s  conservative. As 
evidence of this, a l l  me ta l  s t ructures  have a minimum safety factor of 1.4. 
This has  naturally imposed an additional cost on mate r ia l s ,  but LPC believes 
that this should be makntained, thus guaranteeing the high reliability required 
for a man-ra ted system. As a bonus feature,  analysis indicates that the 
motor chamber with this safety factor (wall thickness 0.460 inch) will with- 
stand water impact loads a t  100 feet per  second and a t  entrance angles up to 
45 degrees. Although recovery/reuse is  not considered in the baseline 
costing, Lockheed's SRM design should therefore not require  additional 
strengthening (higher ma te r i a l  costs)  should recovery/reuse prove cost - 
effective for the Booster Vehicle. 

As further evidence of a conservative design, the safety factor for a l l  abla-  
tive insulation mater ia ls  was established a t  2.0. Once again, it  i s  felt that 
this should be maintained for man-rated reliability. In the a r ea s  of thrust  
termination (TT) and thrust  vector control (Tvc), no f i r m  requirement was 
established by ei ther the Phase  B contractors o r  by the customer. LPC 
ass7.- :ed that the Booster Vehicle would require  both T T  and TVC, plus a 
s t r c  .uous TVC duty cycle, which sized the system conservatively. 

The ba,seline costs a r e  backed by f i r m  vendor quotes on procured compo- 
nents and conservative labor est imates.  Lockheed's labor est imates were 
pre-+.ed f rom a task definition o r  "ground-up" standpoint, based on pre  - 
viovo LT'C large -motor experience, other LPC rocket motor programs,  
and rj?-.o on related industry experience an solid propellant rocket motors.  
Nine full-s cale, 156 -inch-diameter demonstration motors  have been tes t  - 
f i rea  to date, five by Lockheed Propnlsion Company. These t es t s  a r e  smn - 
rnarized in the following table. 
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SUMMARY OF 156-INCH LARGE SOLID ROCKET MOq:'3R TEST'S -,--- 

Tes t  Data 
Motor Description Maximum A.verage 

No. - Date Designation Fabrication Thrusc (1'b) Thrus t(lb) 

1. 1964May 156-3 -- LPC 0,95M 0.88M - 
2. S ~ P  156-4 LPC 1.09M 1.00M 

3. 1965 Feb  156-2C-1 TCC 3.25M 2.97M 

4. De c 156 - 1 TCC 1.47M 1.29M 

5. De c 156 -5 LF 12 3.11M 2.84A.d -- 
6. 1966 Jan 156-6 LPC 1.63M 0.94M - 
7. Ap; L-73 LPC 0.66M 0.6OM 

8. May 156-7 TCC 0.3 qM 0.32M 

9. May 156-9 TCC 0.98M 0.88M 

All of these motors ,  with thrus t  levels up to three  million lounds ,  performed 
within 2 per cent of thei r  calculated paramete rs ,  and only one incident (involving 
the loss of ax1 exit cone in a moveable nozzle t e s t  by another contractor)  was 
experienced. This is a sig~iif icant  feat  in that each of the nine motors  was 
a Ifone -of -a-kind" configur-ztion and involved reuse  of LPC -designed case  
hardware  a s  many a s  four times. Lockheed is proud of this 100-percent 
successful  cqmpletion of its five 156-inch motor  t e s t s ,  which were  accom- 
plished under -budget on f i rm  fixed pr ice  contracts (see USAF Testimonials  
in Apnendix A of the Ccst Book). 

As previously stated, the experience gained in these  programs was applied 
by a l l  LPC branches in estimating the 1a.bor for the Booster Vehicle. I11 the 
a r e a  of motor processing, the hands -on -hardware "first  -unittt  labor hours 
f . the baseline were est imated,  and then a 90-percent labor improvement 
o r  learning curve was applied. Comparison with both LPC experience and 
other SRM industry experience indicates that this is conservative; in the 
major i ty  of previous programs,  improvement curves in the middle to low 
eighties have been experienced. F o r  example, on the basis  of two large 
weapon sys tems,  Minuteman and Poseidon, an improvement curve in the 80- 
to 85-percent range should be achievable in the Booster Vehicle. F o r  this 
additional reason,  LPC, employing a 90-percent curve, has est imated the 
bas eline configuration production costs in a conservative manner.  

As another consideration in development of the costs ,  LPC began this study 
on 13 January 1972 assuming that the Booster System (WBS 3.0) was to be 
costed. On 2 February,  LPC was notified that the SRM contractors were to 
price a t  the Booster Vehicle level  (WBS 3.3). While this was intended by 
NASA to alleviate the SRM contractors ' efforts  in the shor t  study t ime avail-  
able, i t  did turn out to  add another variable, which is reflected a s  additional 
conservatism in the LPG costs. Included in LPG's costs a r e  some i tems 
that could be interpreted a s  belonging under Booster Management (WBS 3. l ) ,  
System Engineering (WBS 3.2), o r  Booster  System Support (WBS 3.5)) which 
may  not be included in the cost es t imates  s f  the other study c o n t ~ a c t o r s .  
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The B o o ~ t e r  Vehicle p rogram costs  (WBS 3.3) presented  by L P C  on 14 and 
23 F e b r u a r y  1972 were  based on the previously defined configuration and 
costing assumptions.  The L P C  baseline Booster  Vehicle cost  es t imate  
presented on these  d.ates is summar ized  below. 

Tota l  
SRM Stage Booster  Vehicle - 

Development $ 141.6M $ 48.2M $ 189.8M 
Production 2,545.7:~i 929. OM 3,474.7M 

Tota l  P r o g r a m  
cos t / ~ a u n  ch $ 6.OM $ 2.2M $ 8.2M 

The to ta l  prog,:arn cost  per  launch is developed by dividing the to ta l  p r o g r a m  
cost  (3,664.5 mil l ion) by the to ta l  number of manned launches (445). Although 
cost  p e r  launch does not normal ly  include amort izat ion of DDT&E o r  non- 
r ecur r ing  production i tems,  L P C  chose t o  a t tempt  to  display tke to ta l  p r o -  
g r a m  liability that  NASA could encounter in employing a s>Ilci rocket  motor  
Booster  Vehicle, The s tandard  way of displaying cost  p e r  launch is by using 
the r e c u r r i n g  unit cost,  which, for  LPC's baseline, is $7.6M. Once again, 
these  p rogram costs  were  developed e a r l y  in the Study P r o g r a m  with the 
objective of identifying the maximum technical  and cost  r i s k  that  could be 
encountered by NASA. 

On 12 February ,  a f ter  the cut -off date for  the 14 and 23 F e a r u a r y  p resen ta -  
tions, Lockheed began a second i terat ion of the p r o g r a m  baseline configura- 
tion and cost. Labor and m a t e r i a l  were  analyzed in m o r e  depth, m o r e  
definition was p repared  to separa te  r e c u r r i n g  f r o m  nonrecurr iag  cos ts ,  and 
the Operations portions of the SRM and Stage were  separa ted  into m o r e  iden- 
tifiable activities.  This  resul ted  in a redistr ibution of the basel ine costs  a s  
shown in  the following two tables: 

SRM Stage Operations Tota l  

Development $ 131,OM $ 31,OM $ 27.8M $ 189.8M 
Production 2,303.9M 626.5M 544.3M 3,474.7M 

$2,434.9M $657.5M $572. lM $3,664.5M 

Note that  in both tables the previously shown to ta l  p rogram costs  have 
remained unchanged but a r e  redis t r ibuted  by L P C  for  be t ter  understanding. 



Total 
Total  Costs C f,"zf:: r h  GOS t / l aunch  

Recurring SRM 
production $2,242.8M $5.1M 

Recurring Stage 
production 626.5M 1,4M 

Recurring 
operations 

Nonrecurring 
production 
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Deveiopment I . -  180 8M 0 0.4M 

Total  $3,664,5M $ 7 . 7 ~ ' ~ )  $8.2jCI 

The next s tep  in the second iteration of the baseline configuration and cost 
was to review a r e a s  where cost  might be overly conservative and could thus 
be reduced. Since the hardware  is a major  portion of the SRM cost,  addi- 
tional definition and breakdowr, of vendor component and ma te r i a l  c o ~ t s  were  
requested f rom the subcontract suppliers. In vehicle configuration, better  
design definition was developed and rebids were  prepared in some a reas .  
As an example, in January,  p r io r  to completion of the T V C  sys tem sizing, 
quotes had to be obtained on the actuator. L P C  requested bids on the a,ctuator 
used on the S1-C Vehicle, knowing that i t  would be more  than adequate for the 
job. The actuator requirement  was fouad to be fa r  less  an.: was rebid a t  a 
significantly lower cost. Safety factors  of a l l  hardware  w e r e  maintained 
and the mate r ia l  costs  s t i l l  reflect  safety fac tors  of 1.4 on s t ruc tu res  and 
2,0 on ablative insulations, 

The motor processing tasks  and the improvement/learning curve were 
reviewed in considerable depth. A s teeper  curve (86 percent)  was selected 
a s  rea l is  t i c  but s t i l l  sufficiently conservative in co~mpar ison to other major  
solid rocket  motor programs and LPC's 156 -inch motor  experience. 
Assembly and support labor were also analyzed and some a r ea s  of redun- 
dancy between WBS paragraphs were  identified and deleted. ' The analysis 
of labor and ma te r i a l  on the SRM has  resulted in a lower unit cost position 
fo r  the SRM baseline. These analyses have been t - h e  -consuming and, 
although some a r e a s  of the Stage attachment hardware  aqd Operatiwns have 
been reviewed and reduced, additional effort is being expended by  Lockheed 
toward further definition, ma ly s  is, and reduction. 

To sl-lpport a final repilrt  date of 15 March, a cut-off was made on 8 March 
in the second ccsting iteration. The ?educed program costs a r e  shown in 
the following table a s  "Baseline, Revision 1." and a r e  compared by i tem to 
the original baseline costs shown previously. 

(a) As a minor note, the redistribution identified additional nonrecurring 
production costs ,  resulting in a lower recur r ing  cost per  launch. 
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Baseline Baseline 
Cost Reduction H.evision I 

Recur ring SRM Production $2,242.. 8M 
Recur ring Stage Production 626,5M 
Recurring Operations 544.3M 
Nonrecurring Productiosi 6 1.1M 
Development 189.8M 

$3,664.5M 

Total  cos t / ~ a u n c h  $ 8.2M 

Recurring Cos t / ~ a u n c h  $ 7.7M 

Each of the reductions shown in this table is discussed in the Addendgm to 
the cost book of the final report .  The cost per  Iauqch, both recur r ing  and 
total, has been reduced by over a million dollars. Fur ther  analysis will 
yield even more  reductions in the a r e a s  of Stage and Operations. It is  
believed by Lockheed that the SRM, however, will not yield fur ther  major  
reductions without a change in ei ther performance o r  hardware safety fac - 
to r s ,  which is not recommended by LPC, 

Therefore, the Baseline Revision 1 costs ( $ 3 , 1 4 0 . 3 ~ )  a r e  submitted as  
Lockheed's formal  position on the SRM Booster Vehicle (WSS 3.3). 

The conclusions of the LPC study are :  

(1) The LPC 156 -inch -diameter baseline design meets  a l l  the 
technical requirements for the Booster Vc!hicle. 

(2) The baseline design appears  t o  have the s t ruc tu ra l  capability 
to withs band r e  cover y-load impacts should r e  cover y/reus e 
prove cost-effective for the Booster Vehicle. 

(3 )  The SRM Booster Vehicle, because of its democstrated 
technology, can be developed to mee t  a l l  NASA schedule 
requirements. 

(4) The Baseline Revision 1 costs are rea l i s t i c  and achievable 
and a r e  subject to further reduction. 

(5: The cost for development ($186.11\/1) of an expendable SRM 
Booster Vehicle a r e  less  than 4.0 percent of the total  Space 
Shuttle Development budget ($5.5B). 

(6) The Baseline Revision 1 SRM Booster Vehicle. cost pe r  
launch ( recurr ing $6.6M, total  $7.1M) is less) e x p ~ n s i v e  
than that of a liquid booster. 

In summary,  Lockheed believes that; an S R M  propulsion system can pe r ro rm 
the mission,  can be easi ly developed in the t ime avoll.able, and wi1.l prove 
t;o be a cost-effective booster vehicle for  Ihe  Space Shuttle Program.  
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On 12 February 1972, Lockheed Propulsion Company undertook a second 
iteration of the program baseline configuration and cost. The purpose of 
this activity was (1) to ensure that total program costs were complete, and 
(2) to review areas  where costs might be overly conservative and could be 
reduced. 

Labor and materiai were analyzed in more depth, more definition was pre- 
pared te separate recurring from non-recurring costs, and the Operations 
portions of the SRM and Stage were separzted into more identifiable activities. 
This resulted in a redistribution of the baseline costs which has provided 
LPC better visibility into the program content. 

The following three sections of this book contair* the redistrihuted baseline 
costs (Section 3 ), the reduced Baseline - Revision 1 costs (Section 4) ar?d 
the revised Baseline - Revision 1 WBS charts and tables (Section 5) r e -  
quested by NASA. The cost formats for both Sections 3 acd 4 a r e  iden- 
tical to provide the reader a basis of comparison of the new LPC program 
ccsts (Baseline -Revision 1) with the costs presented as the original baseline. 

A silrnmary of the Baseline - Revision 1 progrkm costs, which is LPG's 
forma.1 position, is Fhown in the following table. 

B O S T E R  VEEIICL,E TOTAL PROGRAM COSTS 
BASELINE - REVISION 1 

( $  in Millions) 

Recurring Total 
Total Ccst cos t / ~ a u n c h  ~ o s t l ~ a u n c h  

Re cur r ing SRM 
Production 

Recurring Stage 
Production 

Re cur r ing Operations 

Non- recurring 
P r~duc t ion  

Deveiopment 
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Section 3 

LPC BASELINE COST DEFINITION 

This section contains the original baseline costs presented to NASA on 14 
and 23 February 1972. Costs have been outlined in more detail than pre- 
viously presented. 

Two notes have been added to the charts for clarification. If a cost number 
differs f rom that displayed in either the 14, or 23 February presentations, i t  
wiii be identified as a change by one of these two notes. 

3.1 BOOSTER VEI3ICLE TOTAL PROGRAM COSTS 

The following chart  is  identical to that presented on 14 and 2 3  February. It 
is shown here to clarify the point ~f departure for the redefinition and r-dis- 
t r  ibution activity. 

BOOSTER VEHICLE TOTAL PROGRAM COSTS 

LPC BASELl NE COST DEFl NlT lON 

0 
(8 I N  MILLIONS) 

S R M  STAGE - TOTAL 

DEVELOPMENT $ 141.6 $ 48.2 $ 189.8 

PRODUCTION 2,545. 7 929.0 3,474. 7 - 
$2687.3 $997.2 $3,664.5 
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The f i r s t  s t ep  in this activity was to identify the Operations costs  which were 
included unc'.er SRM and Stage by the Work Breakdown Structure. The total 
program costs  have not beeil changed, only redistr ibuted to remove the 
transportation, assembly,  ins talla.tion, and launch support  cos ts  f r ~ m  SRM 
and Stage fabrication. SRM and Stage have been redefined as  fabrication, 
inspection, and package for shipment, F, 0. B, - manufa.cturing site. 
Operations costs  begin with transportat ion to KSC f r o m  the manufacturing 
s i t e  and inciude al l  assembly,  installation, checkout, and launch support. 

The Operations costs included in development a r e  distributed a s  follows: 

SRM $10.6M 

Stage 17.2M 

Total $27.8M 

Similarly,  the Operations costs  in the production breakdown is: 

SRM $241.8M 

Stage 30 2.5M 

Total $544.3M 

Adding these elements to  the SRM and Stage costs  shown would r e  turn al l  the 
cos ts  into the original format  on the previous page. 

I BOOSTER VEHICLE TOTAL PROGRAM COSTS 

LPC BASELINE COST DEFINITION 

(8 I N  MILLIONS) 

S RM - - STAGE OPERATION_S 

DEVELOPMENT $ 131.0* $ 31,0* 8 27.8* $ 189.8 

PRGDUCTI OF4 2,303.9* 626,5* 
P 

544.3 * - 3,474. 7 

NEW Dl  S PLAY FROM BASELINE 
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The only change on the char t  below is the separation of the non-recurring 
production ( $ 6  1.1M) frclm the SRM production ($2,303.9)  on the previous 
chart.  This resulted in a lower recurr ing cost  pe;. launch ($7.7M) than p re -  
viously repor ted ($7.8M). All other costs  remain  u ~ c h a n g e d i r a r n  the pre-  
vious chart ,  

The char t  below presents breakdowns of each line i t em on this page. 

88 
BOOSTER VEHICLE TOTAL ?POGRAh;l COSTS 

LPC BASELINE COST DEFINITION 

($ IN MILLIONS) 

RECURRI NG TOTAL 
TOTAL COSTS COSTILAUNCH - COSTILAUNCH 

RECURRING S R M  PRODUCTION $2,242.8* $5.1 * $5.1 * 

RECURRING STAGE PRODUCTION 626.5 * 1.4. 1.4* 

RECURRING OPERATIONS 544.3 * 1.2* 1.2* 

NONRECURRING PRODUCT1 ON 61. I* 0 4 0.1* 

D DT&E 189.8 0 - 0.4 - 
TOTAL $3,664.5 $7 7 $8.2 

* NEW DISPLAY FROM BASELINE 

4 COSTS LOWER THAN PREVIOUSLY REPORTED 
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3.2  TOTAL RECURRING SRM PRODUCTION BASELINE COSTS 

Displayed here  a r e  the Recurr ing SRM Production costs  with a l l  non- 
recurr ing and Operations costs  removed. Labor and mater ia l  have been 
separated to aid in obtaining visibility into the major cos t  elements. One 
i tem, i. e. TVC, power and electr ical ,  stands out a s  an a r e a  requiring 
further study and will be discussed l a te r  in the Baseline - Revision 1 costs. 

TOTAL RECURRING SRM PRODUCTIOFI COSTS - 440 LAUNCHES 
LPC BASELINE COST DEFINITION 

LABOR - 
ENGINEERING 
MANUFACTURING 
PRODUCTASSURANCE 
PROGRAM MANAGEMENT 
N C ,  POWER & RECTRICAL 

LABOR SUBTOTAL 

MATERIAL 

CASE & INTERNAL INSULATION 
PROF€I.LRNT 
NOZZLE lWlLOCKSEAU 
NC 
. - . . . . .. . . 
THRUST 1ERMlNATlON 
POWER & ELECTRICAL 

MATERIAL SUBTOTAL 

TOTAL SRM 

RECURRING SRM COSTILAUNCtl 

' NEW DISPLAY FROM BASELINE 

% OF 
COST* - 
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3.3  TOTAL RECURRING STAGE PRODUCTION BASELIIIjE COSTS 

This char t  shows the recurr ing Stage costs  and, in c lass ica l  cos t  element 
format ,  reflects  the labor and mater ia l  breakdown a s  a percent  of the whole. 
Formatt ing i t  in this manner has highlighted Stzuctures and Avionics a s  
significant cost  elements for  fur ther  review. 

TOTAL RECURRING STAGE PRODUCTION COST - 440 LAUNCHES 

LPC BASELINE COST DEFINITION 

($ I N  MILLIONS) 

LABOR 

PROG MGMT & SYSTEMS ENG 
STRUCTURES 
AVIONICS 
POWER 

LABOR SUBTOTAL 

MATERIAL 

STRUCTURES 
AVIONICS 
POWER 
MAJOR GROUND TESTS 

MATERIAL SUBTOTAL 

TOTAL 

RECURR l NG STAGE COSTILAUNCH 
\ " NEW DISPLAY FROM BASELINE 

% OF 
COST* m* -- 
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3.4 TOTAL RECURRING OPERATIONS BASELINE COST 

Operations cost  begins with hardware transportation f rom the manufacturing 
si te to KSC, and includes assembly, ins tallation, checkout and launch 
support. All i tems a r e  directly traceable to the Work Breakdown Structure 
in Section 5. 

TOTAL RECURRING OPERATIONS COST - 440 LAUNCHES 

LPC BASELINE COST DEFINITION 

(S I N  MILLIONS) 
% O F  

LABOR 
SRM ASSEMBLY 
PRUG MGMT & SYSTEMS ENG 
ACE MAltJTENANCE AHD SPARES 
FLIGHT TEST SUPPORT 
OFERATIONS SUPPORT 
INSTALL, ASSEMBLY & CHECKOUT 
MAJOR GROUND TEST 

LABOR SUBTOTAL 

MATERIAL 
AGE MA1 NTENANCE & SPARES 
TRANSPORTATION 

MATERIAL SUBTOTAL 

COST" - 

TOTAL $544.3 " - 100.0 - 
RECURRING OPERATIONS COSTILAUNCH 91.2 ' 

* NEW DISPLAY FROM BASELINE 
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3 .5  TOTAL NON-RECURRING PRODUCTION BASELINE COST 

The presentati-ons of 14 and 23 February  identified only the production 
facilities ($25 .7M) .  Other non- recurr ing costs have since been identified 
which were previously included in the SRM. A number of the non-recurring 
costs a r e  related to Stage and Operations, but due to the Work Breakdown 
Structure,  were included in the SRM a s  the only location under WBS 3.3,  
where i t  could be properly cited. Examples of this a r e  the Operations 
Systern Engineering and the Stage System Engineering, which could be 
included under WBS 3.2  if LPC were pricing to WBS 3.0. 

TOTAL NONRECURRING PRODUCTION COSTS 

LPC BASELINE COST DEFl NlTlON 

5- (8 I N  MILLIONS) 

% OF 
COST T E  

LPIBQR 

SRM rACILITY STARTUP COSTS (3 PPQ'S) 8 2 4 "  
OPERATIONS SYSTEM ENGINEERING 1.0" 
AGE DESIGN & FABRICATION 10.2 " 
STAGE SYSTEM ENGINEERING 0.3 " 

1 LABOR SUBTOTAL 813.9 22.8 

F:\ATER I AL 

SRM FACILITY STARTUP COSTS (3 PPQ'S) 8 6.2" 
FACILITY COSTS 25. 7 
AGE DESIGN &FABRICATION 15.3 ' 

- 
MATE R l AL SUBTOTAL $47.2 ' 77. 2 

- - 
TOTAL $61.1 * 100.0 

\ " NEW DISPLAY FROM BASELINE 
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3.6 TOTAL DEVEL4OPmNT BASELIIW COSTS 

The Deve l~pment  Program costs have been defined as  labor and mater ia l  a t  
this time. Due to the time available, i t  was decided to investigate only 
recurr ing p;.oduction costs to attempt to identify major a r ea s  where over-  
conservative costs  could be reduced. Lockheed i s  continuing to review the 
program costs and will include Development in the next iteration. An 
example i s  production tooling, which i s  included in Development a t  NASA's 
direction and must  be included in the next review. 

/ 
TOTAL DDT&E COSTS 

LPC COST DEFINITION 

0 IN MILLIONSI 

%OF 
COST TOTAL COST 

LABOR $67.9' 35.8. 

MATE R l AL 

TOTAL $189.8 10 .0  

* NEW DISPLAY FROM BASELINE 

u ,.. L 



Section 4 

BASELINE - REVISION 1 COSTS 
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This section contains the reduced costs submitted a s  Baseline - Revision 1, 
To maintain continuity and aid in clarification, the original baseline costs  
a r e  included, and the format  of Section 3 has been retained. 

As discussed in the summary,  the reductions shown a r e  those identified on 
8 March 1972. The costs  identified for the SRM have been reviewed in con- 
s ider able depth, and fur tl-er major  reductions do not appear available without 
a change in either performance o r  hardware safety factors ,  which i s  not 
recommended by LPC. The Stage and Operations a r ea s ,  however, could 
yield fur ther  reductions and a r e  being reviewed a s  of the date of this report.  
As stated previously, Lockheed i s  continuing i ts  analysis in all a reas  and 
further reductions to Baseline - Revision I a r e  anticipated and will be 
reported when available. 
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4.1 TOTAL BOOST3.R VEHICLE PROGRAM COSTS - BASELINE - 
REVISION 1 

This char t  identifies the new L P C  total cost (Baseline - Revision 1) and the 
specific a reas  where costs have been reduced. A total reduction of $524.2 
million has been identified to date without modification of the baseline con- 
figuration or  safety factors. The Baseline - Revision 1 cost  per launch has 
been reduced by over one million dollars in both recurr ing and total. 

Subsequent char ts  a r e  included to provide clarification of each i tem reduced. 

/ TOTAL BOOSTER VEHlClE PROGRPA COSTS 

I BASELINE COST - RE\/ISION 1 

($ I N  MILLIONS) 

RECURRING SRM PRODUCTION 
RECURRl NG STAGE PRODUCTION 
RECURRING OPERATIONS 
NONRECURRING PRODUCTION 
DDT&E 

TOTAL 

TOTAL COSTILAUNCH 

RECURRI IVG COSTILAUNCH 

BASELINE 
COST 

$2, 242.8 
626.5 
544.3 
61.1 

189.8 

$3 664 5 =&=& 

$8.2 

$7. 7 

COST 
REDUCTIONS 

$266.8 * 
155.7* 
98. O* 

3.7. - 
$524.2. 

$1. l M O  

$1. lM* 

REVISED 
COSTS -- 

$1,976.0 4 
470.1 4 
446.34 
61. 1 

186.1 4 -- 
$3,140.3 4 - 

$7.1 4 

$6.6 4 

* NEW DISPLAY FROM BASELINE I 4 COSTS LOWER THAN PREVIOUSLY KPORTFD 
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4.2 TOTAL RECURRING SRM PRODUCTION COSTS - BASELINE - 
REVISION 1 

The costs on this page show a greater  reduction in labor than ir. material ;  
deta.ils of each a r e  shown in the following two charts .  The labor reductions 
rssulted f rom two activities; (1) eliminating redundancies and (2) estimating 
a l e s s  conservative improvelnent/learning curve. The mater ia l  cost  retains 
the baseline configuration and conservative safety factors;  the reductions 
a r e  largely in reduction of "cushions" in the vendor quotes. With the re la-  
tionship of firm-quoted mater ia l  (87.4%) to the labor est imates (12.6%), it  
appears that fur  tlier majcr  changes to the SRM costs cannot be made without 
either a performance or  safety factor reductj.on. 

f TOTAL RECURR l NG S R M  PRODUCT1 ON COSTS 1 
,PASELINE COST - REVISION 1 

7 - - - '  

(4 I N  MILLIONS) 

BASELINE 
COST 

@&QR 

ENGINEERING $ 6.0 
MANUFACTURl NG 189.2 
PRODUCT ASSURANCE 46.4 
PROGRAM MANAGEMENT 1% 4 
TVC. PWER & ELECTRICAL 156.9 

1 ABOR SUBTOTAL 0 410.9 

COST REVISED %OF 
ZEDUCTIONS COST T m  

CASE & INTERNAL INSULATION t 812.7 '$ 57.0' 
PROPELLANT 342.0 
NOZZLE IWILOCKSEALl 396.8 26.2 * 
TVC 185.4 18.3' 
IGNITER 28.2 1.7* 
THRUST TERMINATION 36.6 
POWER & ELECTRICAL 26.1 1.8' 
TOOL1 NG MAINKNANCE --. 4.1 - 

MATERIAL SUBTOTAL $1,831.9 $105. O* 

1 MATERIAL 

TOTAL S RM $2,242.8 $266.8 $1,976.0 J 
* NEW DISPl.AY FROM BASELINE 
). COSTS LWER THAN PREVIOUSLY REPORTED. - 

I 
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4.2.1 Tot& Recurring SRM Labor Reductions 

The labor reductions frorr- the previous page a re  displayed here in t-wo 
categories: (1) less  conservative improveme~t/iearning curve, and (2) 
duplication. of activities with other WBS blocks under Booster Vehicle 
(WBS 3,3). 

The 90 percent improvement/learning curve was a conservative application 
after each LPC branch estimated tire fizs!: j?roduction unit manhou-s. By 
coxpar  is on with both LPC experience and other SRM industry experience, 
Ihe majority of past solid rocket motor programs have achieved improvement 
zul-ves in the l . 3 ~  eighties. Adding the fact that the Booster Vehicle SRM is 
less  compl-x than mlny previous motor programs, LPC has selected a 
steeper curve (86%) than used in the original baseline. While this is  still 
conservative, compared with two ma,jor weapon sys terns (80-85% on Minute - 
man and Poseidon), LPC is  not prepared to r e d w e  the motor processing 
costs further without more detailed study. 

Two areas  in the SRM labcr were found which daplicated Operations activities 
a t  Kennedy Space Center. The Program Management functions were com- 
?lined under SRM (WRS 3.3.2.1) since Booster Management (WBS 3.1) was 
deleted from the LPG costing activity. Both the SRM fabrication estimating 
and installation, assembly and checkout (WBS 3.3.6) estimating included 
Program Management costs for KSC operations. The Program Ma~agement  
duplication and the Product Assurance improvement costs, in the above 
paragraph would have been reduced further than skown, but v e r e  left a t  the 
reductions indicated on this chart to cover admirlis tration of a vendor s u b -  
c ~ n t r a c t  discussed on the next chart. , 

The reduction shown in Power and Electrical (WBS 3.3.2.3.3) toyers the 
lzbor for checkout at KSC,whicf. is also inclirded in WBS 3.3.6. This is a 
duplication and has been removed from WBS 3.3.2.3.3 under the SRM. The 
fabrication costs for TVC, Power and Electrical [$73.6M) shcwn on the 
previous page still appear high, but have not been analyzed at  this writing. 
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TOTAL RECURRING SRM LABOR REDUCTIONS 

BASELINE COST - REVISION 1 

I8 lNMlLL lONSl  
- I 

LEARNING CURVE REDUCTION (90 TO 86) 

MANUFACTURING 863.7 " 
PRODUCT ASSURANCE 11.0 * 

$74.7 

DUPLICATION I N  KSC OPERATIONS 

Pt7OGRAM MANAGEMENT 8 3 .8 '  

POWER & ELECTRICAL 83.3 ' 
987.1 " 

TOTAL $161.8 " 

NEW DISPLAY FROM BASELINE 
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4.2.2 Total Recurring SRM Material Reductions 

Additional SRM material cost definition has been requested from the major 
component subcontract suppliers. A review of six items has identified the 
cost reductions shown on this chart. In the a rea  of noz.zle, nozzle adapter, 
power supply, and igniter chamber, the vendors identified the costs as  
shown as "cushion" in their baseline. These cusions have been removed. 

The reduction in case cost ($57.0M) is the result  of the deletion of an 11 
percent contract handling fee which the case vendor added to the forging 
vendors quoted price. This has been deleted and LPC will provide the 
forging to the case machining vendor as CFM. The Program Management 
and the Product Assurance labor costs fol- handling this contract were dis - 
cussed on the previous page. 

The reduction in the Thrust Vector Control actuator costs is a result  of the 
selected sizing of the actuator system to meet the Thrust Vector Control 
torque and duty c; cle requirements. 

All vendor quotes a re  at  the price level and therefore include the vendor 
profit; LPC interpreted the NASA study requirement to mean LPC1s  costs 
which would include vendor profit. Some further reductions in material  
costs may be found by continued analysis which LPC i s  currently undertaking. 

TOTAL RECURRING S R M  MATERIAL REDUCTIONS 

BASELINE COST - REVISION 1 

I ($ I N  MILLIONS) 

CASE 

NOZZLE 

NOZZLE ADAPTOR 

ACTUATOR 

POWER SUPPLY 

IGNITER CHAMBER 

TOTAL 

I * NNY DISPLAY FROM B A S E L I M  

-.I 

LBGKHEEO PROPUCOION CQMPANV ' 
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4.3 TOTAL RECURRING STAGE PRODUCTION COST - BASELINE - 
REVISION 1 

As of 8 March, only one a rea  (i. e. , structures) has been reviewed for cost 
reduction. It was found that in addition to fabrication cost, the structures 
WBS included assembly and checkout a t  KSC. This $155.7 m i l l i o ~ ~  is a com- 
plete duplication of costs contained in WBS 3.3.6 and can be broken down into 
its various elements by reviewing the production WBS, paragraphs 3.3.1.1. 
3.3.1.3, and 3.3.1.5 shown in Section 5. 

Furthe- reductions in both avionics and power appear available and a r e  
currently being analyzed by L P G .  

TOTAL RECURRING STAGE PRODUCTION COST 

BASELINE COST - REVISION 1 

($ I N  MILLIONS1 

BASELINE 
COST -- 

COST REVISED 
REDUCTION COST 

LABOR 
PROG MGMT & SYSTEMS ENG 
STRUCTURES 
AVIONICS 
POWER 

LABOR SUBTOTAL 

MATE R l AL 

STRUCTURES 
AVIONICS 
TWER 
MAlOR GROUND TESTS 

MAlERl AL SUBTOTAL 

TOTAL 

" NEW DISPLAY FROM BASELINE 
4 COSTS LOWER M A N  PREVIOUSLY REPORTED 

LOCKWEED PROPULSION COMPANV - 
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4.4 TOTAL RECURRING OPERATIONS COST - BASELINE - REVISION 1 

Major ground tes ts  show a reduction of $98.0 million. This cos t  was inad- 
vertently included in production cost  due to insufficient definition of the pro- 
duc tion activitv. The DDT&E major  ground tes t  costs  were est imated a t  10 
percent  of the hardware cost  and this groundrule was mis interpre ted to a l so  
apply to production. After redefinition, the major ground tes t  costs  for  pro- 
duction were es t imated a t  $18.4 million, thus producing the reduction shown. 
I t  is a l so  possible that further reduction between SRM assembly ($123.8M) 
and install.ation assembly and checkout ($188.6M) can be accomplished and 
i s  being reviewed in more  detail by LPG. 

f +- TOTAL RECURRING OPERATIONS COST 

BASELINE COST - REVISION 1 

($ I N  MILLlOidj)  

BASELINE 
COST 

LABOR 
SRM ASSEMBLY 8123.8 
PROG MGMT & SYSTEMS ENG 4.1 
AGE MAINTENANCE & SPARES 10.3 
FLIGHT TEST SUPPORT 1.4 

1 OPERATIONS SUPPORT 3.5 
INSTALLATION, ASSEMBLY & CHECKOUT 188.6 
MAJOR GROUND TEST - 116.4 

LABOR SUBTOTAL W. 1 

COST REVISED 
REDUCTIONS COST 

MATERIAL 

AGE MAINTENANCE & SPARES 5 15.5 $ 15.5 
TRANS PORTATI ON 80.7 80.7 - - - 

MATERIAL SUBTOTAL - $96.2 9 96.2 - - 
TOTAL $544.3 - $98.0 * W.3 4 - - 

NEW DISPLAY FROM BASELINE 
4 COSTS LOWER TtiAN PREVIOUSLY EPORTED 

LOCKHEED PROPULdlON COMPANY 
< 
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4.5 TOTAL NON-RECURRING PRODUCTION COST - BASELINE - 
REVISION 1 

Because of the small  non-recurring costs,  the potential for reduction i s  a lso  
smal l  and therefore has not been analyzed to date. This char t  merely  reflects  
that the original baseline and Baseline - Revision 1 a r e  identical in the non- 
recurr ing production category. 

TOTAL NONRECURRING PRODUCTION COSTS 

BASELINE COST - REVISION 1 

(B I N  MILLIONS) 

L B  

SRM STARTUP COSTS (3 PPQ'SI 
OPERATIONS SYSTEM ENGR 
AGE DESIGN &FABRICATION 
STAGE SYSTEM ENGR 

LABOR SUBTOTAL 

MATERIAL 

SRM STARTUP COSTS (3 PPQ'SI 
FACILITY COSTS 
ACE DESIGN & FAB 

MATERIAL SUBTOTAL 

TOTAL 

BASELINE 
COST 

REVISED %OF 
COST TOTAL - - 

I ' NEW DISPLAY FROM BASELINE I 

LOCKHERD PROPULIl6N COMPANY 
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4.6 TOTAL DEVELOPMENT COSTS - BASELINE - REVISION 1 

The development program was not analyzed during the second iteration. The 
reductions shown here  a r e  mere ly  "fallouts " f r o m  the prod.uction mater ia l  
analysis shown on char t  4.2.2. A breakdown of these costs  by component is 
shown in the modified DDT&E WBS cha r t  contained in Section 5. 

f TOTAL DDT&E COSTS 

BASELINE COST - REVISION 1 

(8 I N  MILLIONS) 

BASELI NE COST REV I SED 
COST REDUCTION COSTS 

I LABOR $ 67.9 $ 67.9 

I MATERIAL 

TOTAL 8189.8 $3.7 * 8186.1 4 

* NEW D l  SPLAY FROM BASELI NE 
4 COSTS LOWER THAN PREVIOUSLY REPORTED 

LOOKHEED PwolQUWlON COMPANY - 
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4.7 REDUCED BOOSTEZ VEHICLE TOTAL PROGRAM COSTS - 
BASELINE - REVISION 1 

The Baseline - Revis ion 1 costs  summarized here  reflect  the reductions 
previously discussed in Section 4. The recurr ing costs per launch and total 
cost  per launch a r e  rdduced by over once million dollars to the original L P G  
baseline. The Baseline - Revision 1 costs  ($3,140.3B), shown on this chart ,  
a r e  submitted a s  LPG's  formal position on the SRM Booster Vehicle 
(WBS 3.3). 

Fur ther  analysis will yield more  reductions in the a r ea s  of Stage and 
Operations. However, L P G  believes that the SRM will not yield further 
major reductions without a change in ei ther performance o r  hardware safety 
fa.c tors,  

REDUCED BOOSTER VEHICLE TOTAL PROGRAM COSTS 

BASELl NE COST - REV1 S ION 1 

($ I N  MILLIONS) 
REV l SED REV!SED 

REV1 SED RECURRING TOTAL 
TOTAL COSTS COSTILAUNCH COSTILAJNCH -- 

RECURRING SRM PRODUCTION $1,976.0 4 84.54 $4.54 

RECURRING STAGE PRODUCTION 470.84 1.14 1.14 

RECURRING OPERArlONS 446.3 4 1.04 1.04 

NONRECURRING PRODUCT1 014 61.1 " 0 0.1 * 

D DT&E 

TOTAL 

* NEW D l  S PLAY FROM BASEL l NE 
4 COSTS LOWER THAN PREVIOUSLY REPORTED 

LOGKHEED IPRBPUUION COMPANY 
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Section 5 

BASELINE -REVISION 1 BACKUP DATA 

This section of the addendum includes DDT&E and Production WBS charts  
modified to show the reduced costs (Baseline -Revision 1) identified in 
Section 4. Additionally, Tables 1 and 2 to Baseline-Revision 1 costs a r e  
included. 

LOCKHEQW rPROEPULOlON COMPANY 
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5.2 PROGRAM COST rSTIMATES - TABLE 1 

Cost  es t imates  f9r the 156-7 SRM ( p a r a l l e l  W/TVC&TT), Baseline, 
Revision 1, a r e  presented iil table 1 format. Table l a  cos ts  a r e  f o r  the 
SRM only and Table l b  cos ts  a r e  f o r  the  to ta l  p roz ram,  i. e . ,  SRM and 
Stage. 

The definitions fo r  DDT&E, Production and Operat ions a r e  the  s a m e  a s  in  
the basic r epor t  except fo r  P r o g r a m  Management, Sys tems Engiileering, 
and Installation, Assembly  and Checlc-out. The SRM and Stage efforts  
include a l l  ccs t s  f r o m  factory, t o  shipment of the ha rdware  t o  KSC. The 
T ranaportation, Installation, Assembly, Check-nut and the  P r o g r a m  
Management and Systems Engineering suppor t  required f o r  this effort a r e  
now identified as Operations costs.  

P r o g r  a m  Management and Systems Engineerin& 

P r o g r a m  Management and Systems Engineering was contained in  
Production only, it i s  now s p r e a d  among SRM Production, Operat ions 
and Stage Produc t ion  

Installation, Assembly - and Check-out 

SRM Installation, Assembly and Check-out was  contained in 
Production only fo r  the SRMs. I t  is now a l l  in  Operations, except 
fo r  the cos t s  of s t a t i c  f i r ing the  3 PPQs and tooling maintenance 
which remains  i n  Product ion  

-- 
Note: Table l a  Tota l  P r o g r a m  i s  $2.400 million lower than the amount 
shown on Table Ib, for  SRM. The $2.400 million is f o r  progrgm manage- 
ment and sys tems  engineering relat ive t o  Stage and is the re fo re  excl l~ded 
f rom SRM  a able la) and added t o  Table l.b, which incl&os Stage. 

L&OGKHECilD LROPhlbslON COMPANV 1 
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5.2.1 Option I Rasic, Solid Rocket Motor - Table l a  
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5.2.2 Option I Basic, Solid Rocket M ~ t o r  and Stage - Table 1 b 
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5 . 3  PROGRAM TIME PHASE FUPJDINC REQUIREMENTS - TABLE 2 

Baseline - Revision 1 funding requirements for the 156-7 SRM (Para l le l  
w/TVC and TT) a r e  presented in table 2 format. Table 2a costs  a r e  for  
the SRM only and Table 2b costs a r e  fo r  the tc ta l  program, i. e. , SRM and 
Stage. 

The Table 2s differ f r o m  the basic repor t  i n  ,that in the basic repor t  DDT&E 
was identified a s  non-recurricg, and Production as  recurring. Revision 1 
segregates the costs  into total Non-recurring, consisting of DDT&E non- 
recurr ing Production and Operations, and total  Recurring, Production acd 
Operations. Facil i t ies have remained the same. 
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5.3.2 Option 1 Basic, Solid Rocket Motor Stage - Table 2b 
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