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PREFACE

This report, e trategies o the NOAA

P =9 7 at ites to
2000, is published in three volunmes.

Volume I is an independent document, covering the purpose and
methods of the analysis and reporting its conclusions. A com-
prehensive discussion of the analysis process is provided. Sam-
ple data sets and summaries of case study results are included.
Conclusions are developed in this volume.

Volume II presents a description of the analysis approach. Data
collection and data compilation methods are explained and the pro-
cedures for comparing and evaluating case studies are examined.
Figures and tables are used to illustrate findings.

Volume III provides the time-series graphical representations of
the 121 satellite deployment and failure scenarios that were the

case studies of the analysis. The statistics and other tabula-
tions that were used in the analysis are included.
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DESCRI ON_OF (] G

A. PHAS

In this first phase, the basic assumptions usually made in
planning and budgeting <for the Polar-orbiting Operational
Environmental Satellite (POES) are used:

. planned 24-month on=-orbit life, and

. regularly scheduled launches at:
18-month intervals for a one-satellite system, and
12-month intervals for a two-satellite system.

Then, in sequential scenarios, launch and premature failures
on orbit, both singly and in combinations, are introduced into
the modeling. The number of failures of each type is varied from
none to a number that we considered most likely, based on the
history of <the POES program since 1970. (See the discussions of
probabilities in Appendix C.) 1In the case of the one-satellite
system, two or three 1launch failures over a l5-year period,
combined with two premature failures on-orbit, are considered
about equally 1likely. For the two-satellite system, three or
four launch failures, combined with three premature failures
on-orbit in 15 years, are considered most likely. Given the
history of +the POES since 1970, numbers of fallures larger or
smaller than <these are considered very 1likely. However, for
analytical purposes, fewer failures of both types, as well as the
unlikely (but still possible) situations in which two of the
launch failures would be consecutive, were modeled in various
combinations

The purpose in this phase of the modeling was to assess and
quantify the effects of these combinations of failures on system
performance ([responsiveness to the needs of the National Weather
Service (NWS) and other users of POES data], on the number of
satellites launched, and on the unit cost to successfully acquire
data from space. In this phase, no satellites are assumed to be
launched following either type of failure.

Table A-l, shown on pages A-3 and A-4, lists 15 scenarios for
a one-satellite system and 24 scenarios for a two-satellite
system.

B. PHASE B

In this phase, replacement launches are called for after a
launch failure, and changes in the designed on-orbit lifetimes
are introduced into the modeling of both Case I and Case II
scenarios. Replacement launches following a premature failure
on-orbit are introduced in Phase D.

A-2



Table A-]

Scenarios in Phase A for the
Case I, one-satellite system

| Scenario | Launch | Premature | Page Number |
I | Failures | Failures |in Appendix|
| | | | A ‘}
I ------------------------------ D R G T YR i ED GED W G GNP GlD Gl IR GED b aup GED Gt enb G0 W VD Gmb SN NN Wb apd aER

| I-1 0 0 A-12 |
| I-2 0 1 A-13 1
| I-3 0 2 A-14 1
l l
| I-4 1 0 A-15 \
| I-5 1 1 A-16 |
| I-6 1 2 A-17 |
l {
| I-7 2 0 A-18 [
l I-8 2 1 A-19 |
| I-9 2 2 A-20 |
| |
I I-10 3 0 A-21 |
| I-11 3 1 A-22 |
| I-12 3 2 A-23 |
l |
| I-13 1+2 0 A-24 |
| I-14 1+2 1 A-25 |
I I-15 1+2 2 A-26 l

Note that when the numbers 1l+2 appear under Launch
Failures, the scenarios model the effects if two of
the launch failures are consecutive.



Table A-1 (Continued)

Scenarios in Phase A for the
Case II, two-satellite system

| Scenario | Launch | Premature | Page Number|
| | Failures | Failures |in Appendix|
I I I I A I
| II-1 0 0 A=-27 ]
| II=-2 0 1 A-28 |
| II-3 0 2 A-29 |
| II-4 0 3 A=30

| |
| II-5 1l 0 A=-31 |
| II-6 1 1l A=-32 |
| II-7 1 2 A-33 |
| II-8 1 3 A-34 |
I |
| II-9 2 0 A-35 |
| II-10 2 1 A=-36 [
| II-11 2 2 A=-37 |
| II-12 2 3 A-38 |
I |
| II-13 3 0 A-39 |
| II-14 3 1l A=-40 I
| II-15 3 2 A=-41 |
| II-16 3 3 A-42 |
| I
| ITI-17 4 0 A=-43 I
| II-18 4 1 A-44 |
| II-19 4 2 A-45 |
| II-20 4 3 A=46 |
| |
| II-21 2+2 : 0 : A=-47 |
| II-22 2+2 1 A-48 |
| II-23 2+2 2 A-49 |
I II-24 242 3 A-50 |

Note that when the numbers 2+2 appear under Launch
Failures, the scenarios model the effects if two of
the launch failures are consecutive.



In the first group of scenarios, the on-orbit lifetimes are
held at 24 months. The launch schedules are fixed at 18 months
for a one-satellite system and 12 months for a two-satellite
system. Replacement launches at 9 and 4 months for a one-

satellite system, and at 6 and 4 months for a two-satellite
system, are modeled. -

The second group of scenarios extends the expected on-orbit
life by 4 months to 28 months (the approximate average life of
the recent POES that successfully achieved orbit is 30.5 months),
and similarly extends by 4 months the fixed launch schedules for
Case I and Case II-scenarios (to 22 or 16 months, respectively).
Following a launch failure, replacement launch schedules of 9 and
4, or 6 and 4, months are repeated for direct comparison with the
first group of scenarios in this phasae.

In Phase B and subsequent phases, only those assumed failures
that produce the 1least negative impact on services to the users
(no failures at all) and those combinations of 1launch and
premature failures that appear to be the most likely, based on
our analyses of probabilities, are modeled.

As a special Phase B analysis of the two-satellite system, a
variation of Scenarios 1II-1, II-15, and II-16 was introduced in
the modeling. A launch strategy was adopted under which the next
satellite launched after a launch failure would always be placed
in the afternocon orbit, even if the satellite that failed to
achieve orbit had been intended for the morning orbit. Such a
strategy '"protects" the afterncon satellite that provides serv-
ices most important to the NWS. This strategy, which is the one
NOAA program managers would normally adopt, is modeled in Scen-
arios II-25, II=-26, and II-27. The improvement in system perform-
ance statistics using this launch strategy was sufficiently great
that this strategy was applied to all other Case II scenarios in
Phase C and subsequent phases, although there are occasional cir-
cumstances in Phases D and E when the wise management of satel-
lite resources will dictate an AM launch after a launch failure.

There are 15 Case I one-satellite scenarios and 18 Case II
two=-satellite scenarios in Phase B, as shown in Table A-2.

C. PHASE C

The relatively poor program/service performance of those sce-
narios in Phase B with fixed launch schedules of 22 and 16 months
for Case I and Case II, respectively, suggested that the fixed
launch schedules in Phase ¢ should be changed to 20 and 14 months.



Table A-2

Scenarios in Phase B for the
Case I, one-satellite system

| Scenario| Design | Fixed |Call-up | Launch |Premature|Page No.

|
| | Life | Launch | Launch |Failures|Failures |in App. |
| | (Months) | (Months) | (Months) | | | A |
| e e o e e e oo |
| I-16 24 18 9 0 0 A-51 |
| I-17 24 18 9 2 2 A~-52 |
| I-18 24 18 9 3 2 A-53 |
| I-=19 24 18 4 0 0 A-54 |
| I-=20 24 18 4 2 2 A-55 |
| I-21 24 18 4 3 2 A-56 |
| I=-22 28 22 0 0 0 A-57 |
| I-23 28 22 0 2 2 A-58 |
| I-24 28 22 0 3 2 A-59 |
| I=25 28 22 9 0 0 A-60 |
| I-26 28 22 9 2 2 A-61 |
| I=27 28 22 9 3 2 A-62 |
| I-28 28 22 4 0 0 A-63 |
| I-29 28 22 4 2 2 A-64 |
| I=30 28 22 4 3 2 A-65 |

Scenarios in Phase B for the
Case II, two-satellite system

|Scenario| Design | Fixed |[Call=-up | Launch |Premature|Page No.

|
| | Life | Launch | Launch |Failures|Failures |in App. |
| | (Months) | (Months) | (Months) | | | A |
| = e e e e e e e e e e e e e e e e e e e e — e - |
| II-25 24 12 0 0 0 A-6u |
| II-26 24 12 0 3 3 A-67 |
| II-27 24 12 0 4 3 A-68 |
| IT-28 24 12 6 0 0 A-69 |
| II-29 24 12 6 3 3 A-70 |
| II-30 24 12 6 4 3 A=-71 |
| II-31 24 12 4 0 0 A=-72 I
| II-32 24 12 4 3 3 A=73 l
| II-33 24 12 4 4 3 A-=74 |
| II-34 28 16 0 0 0 A-75 |
| II-35 28 16 0 3 3 A=-76 |
| II=36 28 16 0 4 3 A=-77 |
I II-37 28 16 6 0 o) A-78 |
| II-38 28 16 6 3 3 A=-79 |
| II-39 28 lé6 6 4 3 A-80 |
| II-40 28 16 4 0 0 A-81 |
| II-41 28 16 4 3 3 A-82 l
| II-42 28 16 4 4 3 A-83 |



The rationale for this selection is that the increases in the
launch intervals are one-half the 4-month extension in on-orbit
lifetimes.

The last six Phase B Case I one-satellite scenarios with 9-
and 4-month replacement launch schedules (Scenarios I~25 through
I-30) were modeled assuming 20-month fixed launch schedules.
Similarly, the 1last six Phase B Case II two-satellite scenarios
with 6- and 4-month replacement launch schedules (Scenarios II-37
through II-42) were modeled with l4-month fixed launch schedules.

There are six Phase C scenarios for each case, as can be seen
in Table A-3.

Table A-3

Scenarios in Phase C for the
Case I, one-satellite system

| Scenario| Design | Fixed |Call-up | Launch |Premature| Page No.

|

| | Life | Launch | Launch |Failures| Failures| in App. |
| | (Months) | Schedule|Schedule| | l A |
l | | (Months) | (Months) | I | |
S e e e e e e e e e e e e e e e e e e e e e e m e e e——ececo—— |
| I-31 28 20 9 0] 0 A-84 |
| I=-32 28 20 9 2 2 A-85 |
| I-33 28 20 9 3 2 A-86 |
| I-34 28 20 4 0] 0 A-87 |
| I-35 28 28 4 2 2 A-88 |
l I-36 28 20 4 3 2 A-89 |

Scenarios in Phase C for the
Case II, two-satellite system

| Scenario| Design | Fixed |Call-up | Launch |Premature| Page No.

l
| | Life | Launch | Launch |[Failures| Failures| in App. |
| | (Months) | Schedule|Schedule| | | A |
{ _ | | (Months) | (Months) | | | |
| II-43 28 14 6 0 0 A=-90 }
| II-44 28 14 6 3 3 A-91 |
| II-45 28 14 6 4 3 A=-92 |
| II-46 28 14 4 0 0 A-93 |
| II-47 28 14 4 3 3 A-94 |
| II-48 28 14 4 4 3 A=-95 |



D. PHASE D

The next set of assumptions tested in the modeling relates to
the nature of the on-orbit premature failures. 1In earlier phases
we assumed that all premature failures would be sudden, without
warning, and catastrophic. This was the nature of the failure of
NOAA 8.

Yet, from the perspective of probabilities, it is perhaps
more likely that there will be a partial early failure, such as
occurred with NOAA 6, the only POES of the current generation of
satellites that suffered a partial failure calling for the satel-
lite's replacement before it became totally unusable.

In Phase D it was assumed that the same number of premature
failures that were modeled in Phase C would occur, but that the
failures would be less than catastrophic, and that there would be
some early evidence in the telemetry data that the satellite was
doing poorly and that failure was impending. We assumed in our
modeling that this early evidence would appear 4 months prior to
the satellite's failure to acquire Prime Mission Data (images and
soundings) . As a result of detecting this early evidence, a
replacement satellite would be launched on the same schedule as-
sumed for replacements after a launch failure. In Phase D, all
other variables considered in Phase C (design life, fixed launch
schedules, replacement launch schedules, etc.) were applied con-
sistently. Therefore, the impact on service statistics and the
unit cost to successfully acquire Prime Mission Data can be eval-
uated if different assumptions are made about the nature of the
early failure mechanisms.

In addition to this part of the analysis, three Phase B Case
II scenarios (Scenarios II-31, II-32, and II-33, which assumed a
24-month design 1life and 12-month launch interv=1s) were modeled
again in Phase D Scenarios II-49, II-50, and II-51, applying the
assumption of early indications of premature failure. The pur-
pose was to compare directly the performance statistics and the
unit cost to acquire data if the satellite program envisioned in
conventional budgeting and planning for a two-satellite system
was to experience premature failures with early evidence, rather
than the sudden failure modeled in Phase B.

The six Case I and nine Case II Phase D scenarios are listed
in Table A-4,



Table A-=4

Scenarios in Phase D for the
Case I, one-satellite system

| Scenario| Design | Fixed |Call-up | Launch |Premature| Page No. |
[ | Life | Launch | Launch |Failures| Failures| in Appn. |
| | (Months) | Schedule|Schedule| | | A |
| | | (Months) | (Months) | | | l

| I-37 28 20 9 0 0 A-96 |
|  I-38 28 20 9 2 2 A-97 |
| I-39 28 20 9 3 2 A-98 |
| I=40 28 20 4 0 0 A~99 |
| I-41 28 20 4 2 2 A-100 |
| I-42 28 20 4 3 2 A-101 |

Scenarios in Phase D for the
Case II, two-satellite system

|Scenario| Design | Fixed |Call-up | Launch |Premature| Page No.

!
| | 'Life | Launch | Launch |Failures| Failures| in Appn. |
| | (Months) | Schedule|Schedule| | | A |
| | | (Months) | (Months) | | | |
l ---------------------------- - a0 " - D G = T G S . S - - T - - - - - - . -
| II-49 24 12 4 0 0 A-102 |
| II-=50 24 12 4 3 3 A=103 |
| II-51 24 12 4 4 3 A-104 |
| II-52 28 14 6 0 0 A-105 |
| II-B3 28 14 6 3 3 A-106 |
| II-54 28 14 6 4 3 A-107 |
| II-55 28 14 4 0 0 A-108 |
| II-56 28 14 4 3 3 A=109 |
| II-57 28 14 4 4 3 A=-110 |



E. PHASE

Two forms of extended satellite on-orbit 1lifetimes that
exceed the present design lifetimes of 24 months were modeled in
Phase E:

lifetimes of 32 months (the average life of the current
POES that were orbited successfully was approximately 30.5
months), examined specifically to determine the impact on
performance statistics and costs if improved reliability
resulted in reductions in overall long-term systenm costs,
and

lifetimes that exceed the nominal design life, based on
experiences of the current POES satellites, having had
on-orbit lifetimes of 29, 41, 37, and 15 months.

For the Case I and Case II systems, both of these on-orbit
lifetime assumptions were modeled with a 4-month launch call=-up
following a launch failure or a premature failure.

The Phase E modeling of satellites with a 32-month design
life followed the patterns of failure used in earlier phases.
The strategy of launching into the afternoon orbit after a launch
failure was not always applied in Phase E. There were several
situations, when following <the POES history, where a different
strategy resulted in better use of the satellites.

Two variations were examined in the modeling of satellite
scenarios with 29-41-37-15-month lifetimes (this cycle repeated
over the 15 years of the analysis). The first assumed that there
would be no early indications of failure on-orbit. The second
assumed that telemetry data would provide indications 4 months
early that a total failure was likelv for satellites with 29-,
41-, or 37-month 1lifetimes. Oomitting early indications of
failure of 15-month satellites closely follows history, since
NOAA 8 failed without warning.

The final variations modeled for both satellite systems used
the exact history of the current POZS--satellites with lifetimes
of 29-41-0-37-15 months, where the 2zero represents the launch
failure of NOAA B in 1980. Modeling with and without early indi-
cations of on-orbit failure, as discussed above, was repeated.

There are 11 Phase E scenarios for each case, as shown in
Table A-5.

A-10
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l1¢ A~

Scenarios in Phase E for the
Case I, one-gatellite syatem

i Scenario ! Design Life | Fixed | Call-up | Launch | Presature ! Page No. |
] i (Months) ! Launch | Launch | Failures | Failures | in Appn. |
] { { Schedule { Schedule ! ! : A i
! i i (Nonths) ! (Months) ! i ! :
' !
P 143 Ky} 2 4 0 0 At
[ 2 2 4 2 2 A-112
S 2 2 4 3 2 A-113
I 148 29-33-37-1% On Failure 4 0 N/AS A-114 !
147 29-33-37-15 On Failure 4 2 N/AS A1
i [-48 29~33-37-135 On Failure 4 3 N/AS A-116 |
i 1-49 29-33-37-15 On Failure 4 0 N/A3Y A-117
HE G 1 29-33-37-15 On Failure L 2 N/ASS A-118 |
N G411 29-33-37-15 On Failure 4 3 N/ASS A-119
P 1-92 29-33-0-37-1% n Failure 4 N/A . N/ A-120
i 1-8 29-33-0-37-13 On Failure 4 N/A N/ASY A-128
Scenarios in Phase E for the
Case II, two—-satellite system
i Scenario ! Design Life | Fixed | Call-up | Launch | Premature ! Page No. !
: ] (Months) t lLaunch | Launch | Failures | Failures | in Appn. |
i i - i\ Schedule | Schedule ! { P A {
] H { (Months) | (NMonths) | i ' {
i 11-58 32 16 4 0 0 A-122
PoN-8 2 16 4 3 3 A-123
i 11-60 2 16 4 4 3 A-l24
i 11-61 29~33-37-13 On Failure 4 0 N/AR A-125 !
i T1-62 29-33-37-15 On Failure 4 3 N/AZ A-126
i 1163 29-33-37-13 On Failure 4 4 N/A% A-127 1
P T1-64 29%33237-15 On Failure ) 0 N/AsS A-128 |
i 11-8% 29~33-37-13 On Failure 4 3 N/ASS A-129
v 11-68 29-33-37-18 On fFailure 4 4 N/A%S A-130
I OV 29-33-0-37-19  On Failure ¢ N/A N/AS A-131
! 11-68 29-33-0-37-15  On Failure 4 N/A N/ASE A-132 !

A o T N S gt D WS W WD S Pt S ¢ P T S Gt S e A S S W e S A D ey SAED WD R (PO G S Siun e S R S S G S e S S S W S e D W T . s S D W M S St S

Indications 4

likely to fail.

months

early
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PLOTTED SCENARIQS

Phase A
Scenario I-1

24-Month Design Life
18-Month Launch Interval
No Replacement Launches

No Random Launch Failures
No Premature Failures

HONTHS 10 go 90 fo ?0 §0 ?0 90 ?0 190 1}0 l?°
1 ] 1 24 ) 1 ] ] ] 1 1 1 i
855555555555555555555555
18 42
2 3] Ssssssssssssssssssgzsssss 60
3 (3) 9555555555559555555555555
54 78
4 (4) Bs55555655555555955555555
72 96
3 (5) S555555555555555555555555
90 114
6 {8) Sssssssssssssssssiggsssss (120)
7 (7) 955555555555
HONTHS 1%0 : 1%0 110 1§0 l§0 110 1qo
] I132 ] [} 1 1 ]
7 continued 5555555555555
126 150
8 (8) Ss55555555555555555555555 "
9 (9) Ss55555555555555555955655
162 (180)
10 (10) Sssssssssssssssssis 186
11 (11) § 204
LESEND
S = Launch nof a satellite in a one—satellite system

A-1z



24-Month Design Life
18~-Month Launch Interval
No Replacement Launches

Phase A
Scenario I-2

No Random Launch Failures
One Premature Failure
(12 Months Before Design Life)

MONTHS 10

S8
2
3
4
S
3

55555555555!555?35555!

20 30 40 50 60 70 80 90 100 110 120

24
L1

(2) 5558555555555555555555555

48
(3) Sese85858555] 7
(4) 9855555555565555565555958
12 9%
(5) S455555555555555555555555
30 114
(6) Ss55558555555555555555555
108 (120)

7 _ {7) Ssss55855585§
MONTHS 1go lqo 110 1§0 l§0 1{0 1§0
¥ 1132 t ] 1 1
7 continued $555555555558
126 150
8 (8) Ss55555555555555555555558
144 168
9 (9) S555559555565955556555558
(180)
10 (10) Sssssssssssssssssigo 186
11 (11) § 204
LEGEND

S = Launch of a satellite in a one-satellite system
]l = Premature failure on—-orbit
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Phase A
Scenario I1-3

29-Month Design Life ! No Random Launch Failures
18—Month Launch Interval | Two Premature Failures
No Replacement Launches i (12 Months Before Design Llffl

NONTHS }0 go ?0 30 §0 §0 ?0 90 ?0 190 1}0 1?0’
1 ) [ 24 ) ] ] [ [ ] t ] 1
955555555555555555555555
18 42
2 (2) §555555555555555555555555 60
3 (3) Ssssssssssssssssss§§sssss -
4 (4) Sssssssssssssss55557355555 %
3 (5) 9555555555555355555555555
: © s |
$5555555555 08 (120)
7 {7) 5555555558558
MONTHS 1go 1go 1?0 1§0 l§0 IZO 1@0
. ] l132 ] ¥ ] ] i
7 continued $558555555555
. 126 - 138
8 {(8) Ssss555555551]
144 168
9 (9) S555555555555555555555555
162 (180)
10 (10 Sssssssssssssssssigo 186
11 (11) § 204
LEGEND

S = Launch of a satellite in a ohne-satellite system
] = Premature failure on-orbit '
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Phase A
Scenario I-4

One Random Launch Failure

24-Month Design Life h
No Premature Failures

18-Month Launch Interval
No Replacement Launches

HONTHS }0 ?0 ?0 fo ?0 §0 ?0 go ?0 190 1}0 120
{ 24
Sssssssssssssssss?asssss
2 (2) 0
36 60
3 (3) Ssssssssssssssssssg:sssss -
4 (4) S885566555858556595895548 ’
12 9%
5 (9) 95559555555555555558588S5 L4
6 (6) Ss55555655565555555855555
108 (120)
7 . (7) Ss83s556985S
MONTHS 1go 1?0 110 1§0 l§0 1{0 1qo
| ' 1 132 ¢ 1 ] ] 1
7 continued $555558855555
126 150
8 (8) Sss5555555555555995985555
144 168
9 (9) Ss55555855555555555955555
162 (180)
10 (10) Sssssssssssssssssigo 186
1 (11) § 204
LESGEND

S = Launch of a satellite in a ohe—-satellite system
0 = Launch failure

A=-13



Phase

Scenario I-5

24-Month Design Life
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on—orbit
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P = Launch of a satellite into the afternocon orbit
A = Launch of a satellite into the morning orbit
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P = Launhch of a gsatellite into the afternocon orbit

A = Launch of a satellite into the morning orbit
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P = Launch of a satellite into the afternocon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure :
] = Premature failure on—orbit
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P = Launch of a satellite into the afternnon orbit

A = Launch of a satellite into the morning orbit

0 = Launch failure ] '
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on—-orbit
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on-orbit
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on-orbit
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P = Launch of a satellite
A = Launch of a satellite
0 - Launch failure
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into the morning orbit



Four Launch Failures

Two LConsecutive)

One Premature Failure

(12 Months Before Design Life)

24-Month Design Life
12-Month Launch Interval
No Replacement Launches

]
HONTHS go go qo 10 ?0 §0 10 qo ?0 190 1%0 120
{ U
PPPPPPPPPPP?;PPPPPPPPPPS4
2 (2) Aaaaaaaaaaaa]‘
3 3) 0
36
4 (4) 0
48 72
3 (3 Pppppppppppp%ppppppppppp 84
3 (6) Aaaaaaaaaaaa%;aaaaaaaaaaa %
7 (n Pppppppppppp%gppnappmpp 108
3 (8) Aaaaaaadadaaaaaaadaaadaaa
9% 120
_ (9) P [}

9 . PPPPPPﬂPDP%%%PPPPPPFPquo)
10 (10) Agaaaaaaaaaaa
NONTHS 1%0 1?0 110 l§0 1§0 1zo 1§o

1 |132 i ] ] 1 ]
10 continued ddddaadadaaaa

120 144
11 (un Pppppppppppplggppppppppppp
12 (12) 0
_ 144 168
13 (13) Ppppppappppqggppppppppppp
14 (14) 0
168 (180)

15 (13) Pppppppppppqgo] 192
16 ' (16) A 1224
LEGEND
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P = Launch of a satellite into the afternoon orbit
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P = Launch of a satellite into the afternoon orbit
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S = Launch of a satellite in a one-satellite system
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S = Launch of a satellite in a one-satellite system
0 = LLaunch failure
] = Premature failure on—-orbit
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S = Launch of a satellite in a one-satellite system
0 = Launch failure
] = Premature failure on-orbit
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S = Launch of a satellite in a one—-satellite system
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S = Launch of a satellite in a ori-sat=llite system
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S = Launch of a satellite in a one—satellite system

0 = Laimech failure

] = Premature failure on—-orbit
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S = Launch of a satellite in a one-satellite system
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S = Launch of a satellite in a one—satellite system
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Phase B
Scenario I-24

28-Month Design Life ' Three Random Launch Failures
22-Month Launch Interval Two Premature Failures
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S = Launch of a satellite in a one-satellite system
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Scenario I-25
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Launch of a satellite in a one—-satellite system



Phase B
Scenario I-26
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= Launch failure

= Premature failure on—orbit

S = Launch of a satellite in a one-satellite system
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9-Month Call—ug )
(After a Launch Failure)

Phase
Scenario 1-27

Three Random Launch Failures
Two Premature Failures
(12 Months Before Design Life)
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S = Launch of a satellite in a one-satellite system

0 = Launch failure

] = Premature failure on—orbit
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22-Month Launch Interval
4-Month Call-up

Phase B

Scenario 1-28

No Random Launch Failures
No Premature Failures
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S = Launch of a satellite in a one-satellite system
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Scenario I-29
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Launch failure
Premature failure on—-orbit
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Scenario

28-Month Design Life
22-Month Launch Interval
4-Month Call-uﬁ ‘
(After a Launch Failure)

Phase B

1-30

Three Random Launch Failures
Two Premature Failures
(12 Months Before Design Life)
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S = Launch of a satellite in a one4sate11ite system

0 = Launch failure

] = Premature failure on-orbit



Phase B
Scenario II-25

No Random Launch Failures
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12-Month Launch Schedule
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P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit
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Phase B

Scenario 1I-26
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure )
]l = Premature failure on—orbit
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Scenario 11-27
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: P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
J] = Premature failure on-orbit



Phase B

Scenario II-28
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit



24-Month Design Life
12-Month Launch Interval

Phase B
Scenario 11-29
' Three Random Launch Failures
Three Premature Failures
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(After a Launch Failure)
NONTHS {0 go qo 10 §0 §0 ZO go ?0 190 1&0 1%02
{ 24
PPPPPPPPFPPTSPPPPPPPFFPS4
2 (2) Aaaaaaaaaaaal
3 M0
K[} 54
¢ 4) PPPPPPPPPPPP%%PPPPPPPPDPP
3 (90
48 72
6 (8) Ppppppppppp%ppppnppnppap %
7 (7) Aaadaadaddaaadaddaaaaaaad
72 84
8 (8) Ppppppppepppl
108
9 (9) Aaaadadaaadaaaaaaaada
9% 120
10
(10) Ppnoopppopn%gmmoppggo
11 _ (11) Aaaaaaaaaaaal
MORTHS 1go : 1qo 110 1§0 1§0' 1zo 190
120
12 (1) 0
126 150
13 (13 Pppppppppppplggpppppnppppp 162
14 (14) Aaaaaaaaaaaigaaaaaaaaaaaa 174
15 (15) P
PPPPPPPPPP%%%PPPPPPPPPPP (180)
16 (16) Addaddaadaaaaaadaaa 174
174 (120)
17 (17) Ppppppp 198
LESEND

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Launch failure

Premature failure on-orbit
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Phase B
Scenario I1I-320
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P = Launch nof a satellite into the afterncon orbit
A = Launch of a satellite into the morning orbit
O = Launch failure
] = Premature failure on—orbit



Phase B
Scenario I1I1-31

No Random Launch Failures
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No Premature Failures

12-Month Launch Interval
4-Month Dall—uﬁ
(After a Launch Failure)
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Phase B

Scenario I[I-32

24~-Month Design Life
12-Month Launch Interval
4-Month Call-uﬁ .
(After a Launch Failure)

Three Random Launch Failures
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on—orbit



Phase B
Scenario I1-33

24—-Month Design Life
12-Month Launch Interval
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(After a Launch Failure)
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
QO = Launch failure
] = Premature failure on—-orbit
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Scenario 11-34
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Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orhit



28-Month Design Life
16-Month Launch Interval
No Replacement Launches

Scenario

Phase B

II-35

Three Random Launch Failures
- Three Premature Failures
(12 Months Before Design Life)
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P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Premature failure on-orbit
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Scenario II-36
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LER P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit

0 = Launch failure

] = Premature failure on—orbit



28-Month Design Life
16-Month Launch Interval
é—Month Call-uﬁ _
(After a Launch Failure)

Phase B
Scenario I1I-37

No Random Launch Failures
No Premature Failures
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Launch of a satellite intn the afternoon orbit
Launch of a satellite into the morning orbit
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-Month Design Life
28 Nonth Launeh Interval
6-Month Ball—ug
(After a Launch Failure)

Phase B
Scenario II-38

Three Random Launch Failures
ree Premature Failures
(12 Months Before Design Life)
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Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Launch failure
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28-Month Design Life
1&~Month Launch Interval
6—-Month Call-uﬁ

(After a Launch Failure)

Phase B
Scenario 1I1-39
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P = Launch of a satellite into the afterncon orbit
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S = Launch of a satellite in a one-satellite system
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S = Launch of a satellite in a one-satellite system
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S = Launch of a satellite in a one-satellite system
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S = Launch of a satellite in a one—satellite system
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S = Launch of a satellite in a one-gsatellite system
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l] = Premature failure on-orbit - if two symbols, the
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will likely occur in 4 months :



Phase

D

Scenario II-49

24-Month Design Life

12-Month Launch Interval
4-Month Dall-u? (After a Launch
Failure or Early Signs of
Premature Failure)

No Random Launch Failures
No Premature Failures
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LEGEND
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Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit

A-10Z



24-Month Design Life
12-Month Launch Interval
4-Month Call—u? (After a Launch
Failure or Early

Premature Failure)

Phase D
Scenario II-30

Three Random Launch Failures
Three Premature Failures
(12 Months Before Design LifeS

Indications of With Indications 4 Months Early
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LEGEND

P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit

] = Premature failure on orbit - if two symbols, the
first represents early indications that a failure
will likely occur in 4 months
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Phase D

Scenario 1I-51

24—-Month Design Life

12-Month Launch Interval
4-Month Dall—u? (After a Launch
Failure or Early Indications of
Premature Failure)

Four Random Launch Failures
Three Premature Failures

.12 Months Before Design Life
With Indications 4 Months Ear1y5
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LEGEND

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Premature failure on orbit - if two symbols, the
first represents early indications that a failure
will likely occur in 4 months
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28-Month Design Lif
i4=-Month Launch Int
&-Month Call-ug (Af
Failure or Early In
Premature Failure)

Phase D
Scenario II1-52

No Random Launch Failures

=3
erval No Premature Failures
ggr a Launch

cations of

- - - -
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9 continued
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LEZIND

P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit

A-1095



Phase D
Scenario II1-53

Three Random Launch Failures
Three Premature Failures

(12 Months Before Design Life
With Indications 4 Months Earlyﬁ

28-Month Design Life

14-Month Launch Interval
&-Month Zall-up (After a Launch
Failure or Early Indications of
Premature Failure)
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10 continued aad
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continte p
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LLEGEND
Launch of a satellite into the afternoon orbit

Launch of a satellite into the morning orbit
Premature failure on orbit - if two symbols, the
first represents early indications that a failure
will likely occur in 4 months

>0
]
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Phase D
Scenario 1I-54

28-Month Design Life

14~Month Launch Interval
6~-Month Call-up (After a Launch
Failure or Early Indications of
Premature Failure)

Four Random Launch Failures
Three Premature Failures

(12 Months Before Design Life
With Indications 4 Months Earlys
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END

LEG P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit

] = Premature failure on orbit - if two symbols, the

first represents early indications that a failure
will occur in 4 months

A=-107



Phase D
Scenario [I-55

28-Month Desigh Life ! No Random Launch Failures
14-Month Launch Intervals : No Premature Failures
4-Month Call—ug (After a Launch ‘
Failure or Early Indicationsg of '
Premature Failure) !
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LEGEND

Launch of a satellite into the afterncoon orbit
Launch of a satellite into the morning orbit
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Phase D
Scenario I1-56

28-Month Desigh Life

1{4~Month Launch Intervals

4-Month Call-u? (After a Launch
Y

Three Random Launch Failures
hree Premature Failures
(12 Months Before Design Life

Failure or Ear Indications of With Indications 4 Months Ear1y5

Premature Failure)
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SEND :
LEGE Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Premature failure on_ orbit - if two symbols, the
first represents early indications that a failure
will occur in 4 months
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Phase D
Scenario 11-57

11801200

28—-Month Design Life : Four Random Launch Failures
1d4~-Month Launch Intervals ] hree Premature Failures
4-Month Call—u? (After a Launch ] (12 Months Before Design Life,
Failure or Early Indications of i With Indications 4 Months Early)
Premature Failure) [
MONTHS %0 go §0 10 ?0 go ZO qo 90 100 110 120
1P I [} 28! ) ] [} [ 1] 1 ] ] ]
PPPPFFPPPPPPY?PPPPPPPPPPgEP 2
2 (2) Aaaaaaaaaaaa]agg]
3 0
80
4 4 Pppn%gppppppppnpppppppppppppp
S (3) 0
40 68

9 (8) Aaaaaaaaaaaaaa%:aaaaaaaaaaaaa 9
7 (7) PpppppppppppppappRepeeeReRRp

68 80p 84
8 (8) Aaaaaaaaaaaalaaal

82 110
9 (9 Pppp%gppppppppppppppppppppppp 114
10 (10) Aaaaaaaaaaaadaaaaaadaaaaaaaaa
100 112 116
11 (11) PPPPPPPPPPPP]qqgl
12 (12) 0
13 : (13) Ppp
HONTHS 120 1?0 110 1§0 1§0 IZO 1?0
| ' ' 14§ ' ' '
13 continued PPPPPPPPPPpgggPPPFPPPPPPPPP
14 4 0
136 164
15 (13) Aadadaaddaadaaddaaadaadaaaaaaa -
16 (16) Pppp; p
PPPPPPPPPPPP%%%PPPPPPPPPP p%lBO)
17 (17) Aaaaaaaaaaaaaaaaa 192
178(180

18 (18) Ppp 206

LEGEND

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Premature failure on orbit - if two symbols, the
first represents early indications that a failure
will occur in 4 months
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32—-Month Design Life
22-Month Launch Interval
4-Month Call-up

Phase E
Scenario I-43

— - -

No Random Launch Failures
No Premature Failures
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LEGEND 8 = Launch of a satellite in a one—satellite system
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Phase E
Scenario I-44

32-Month Design Life H Two Random launch Failures
22-Month Laungh Interval E Two Premagare Fa%l&ges

4-Month Call-up (After a Launch (14 Months Before Design Life
Failure nor Premature Failure) With Indications 4 Months Earlys
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LEGEND i . )
S = Launch of a satellite in a one—satellite system
0 = Launch failure ' _
] = Premature failure on-orbit - if two symbols, the

first represents early indications that a failure
will likely occur in 4 months
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Phase E
Scenario I-45%

32~-Month Design Life : Three Random Launch Failures
22=-Month Launch Interval ! Two _Premature Failures
4~-Month Call-up (After a Launch i (14 Months Before Design Life

Failure or Premature Failure) ! With Indications 4 Months Earlys
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LESEND

S = Launch of a satellite in a one-satellite system

0 = Launch failure ‘

] = Premature failure on-orbit - if two symbolsg, the
first represents early indications that a failure
will likely occur in 4 months
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Phase E

Scenario 1-46
POES On—-orbit History i No Random Launch Failures
(29-41-37-15-Month Cycle) i No Ear16 Indications of!
4~-Month Call—ug (After a Launch | n-orbit Failure
Failure or Failure On-orbit) : L
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LEGEND

Launch of a . satellite in a one-satellite system

Failure on—-orbit
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Phase E
Scenario I1-47

POES On-orbit History
(29-41~-37-15-Month Cycle)
4-Month Call-q? (After a Launch
Failure or Failure On-orbit)

Two Random Launch Failures
No Earlé Indications of
n-orbit Failure
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LEGEND S = Launch of a satellite in a one-satellite system
0 = Launch failure
] = Failure on—-orbit
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Phase E
Scenario I-48

POES On-orbit History
(29~41-37-15-Month Cycle)
4-Month Call-up (After a Launch
Failure or Failure On-orbit)

Three Random Launch Failures
No Earlé Indications of
n-orbit Failure
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LEGEND

S = Launch of a satellite in a one-satellite system

0 = Launch failure

] = Failure on—-orbit
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Phase E
Scenario I-49

) On-nrbit Histor

R OES 41 35 15 month Cycle)
4-Month Call—u? (After a Launch
Failure or Failure On-orbit)

. . No _Random Launch Failures
With Indications of On—-orbit
Failure 4 Months Early for
Satellites With 29-, 41-, or
37-Month Lifetimes
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LEGEND

S = Launch nof a satellite in a one-satellite system

] = Failure on-orbit - if two symbols, the first
reEresents early indications that a failure will
likely occur in 4 months
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Phase E
Scenarioc I-50

POES On-orbit History
(29-41-37-15-Month Cycle)
4—-Month Call—g? (After a Launch
Failure or Failure On—-orbit?

. Two _Random Launch Failures
With Indizations of On-orbit
Failure 4 Months Early for
Satellites With 29-, 41=-, or
27-Month Lifetimes
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LEREND

S = Launch of a satellite in a one-satellite system

0 = Launch failure

] = Failure on-orbit - if two symbols, the first

reEresents early indications that a failure will
likely occur in 4 months
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Phase E
Scenario I-31

POES On-orbit History
(29=-41-37-15-Month Cycle)
4-Month Call—ue (After a Launch
Failure or Failure On-orbit)

Three Random Launch Failures
With Indications of On-orbit
Failure 4 Months Early for
Satellites With 29-, 41-, or
37-Month Lifetimes
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LEGEND

S = Launch of a satellite in a one-satellite system

Q = Launch failure ]

] = Failure on-orbit - if two symbols, the first
rgﬁresents early indications that a failure will
likely occur in 4 months
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Phase E
Scenarin I-52

Exact History of the Current POES - Satellite Lifetimes on a
29-41-0-37-15-Month Cycle, Where the Zero
Represents a Caunch Failure

4-Month Call—-up (After a Launch
Failure or the Failure of an
On—-orbit Satellite)

No Early Indications of an
On-orbit Failure
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LEGEND ) .
S = Launch of a satellite in a one-satellite system
] = Failure on—-orbit
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Phase E
Scenario I-33

Exact History of the Current POES ~ Satellite Lifetimes on a
29-41-0-37-13-Month Cycle, Where the Zero
Represents a Caunch Failure

4-Month Call-up (After a Launch
Failure or the Failure of an
On—-orbit Satellite)

With Early Indications of
Failure of Satellites With
28-, 41-, or 37-Month Lifetimes

MONTHS 10 20 30 40 30 60 10 80 %0 100 110 120

1
[} i ) ] ] i 1 ] ' ] 1 ]

1 5 29
8555555555555555656586551555] (29 aonths)

66 70
2 (2) SsslsssslsssslsslssssssssssssssssssssJsss; (41 months)
3 90
4 107 114
4 (4) 985555655569555665655985555658585)58s]
(37 aonths)
111 (120)
5 (5) Ssssssasss
MONTHS 1go tqo lfo 1§0 1§0 1?0 190
126
3 continued 5s5558] (15 months)
130 195 159
6 -~ (6) Ssssssssssssssssssssssss5lss?§9 (29 wonths) 180)
7 (7) Sss8555555585555555555 1 200 (41 Months)
LEGEND

S = Launch of a satellite in a one-satellite system

] = Failure on-orbit - if two symbols, the first
reﬁresents early indications that a failure will
likely occur in 4 months
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Phase E
Scenario 1I-58

No Random Launch Failures

32-Month Design Life
No Premature Failures

1&-Month Launch Interval
4-Month Call-up (After a Launch
Failure or Premature Failure)

HONTHS }0 go qo 10 §0 §O ZO qo ?0 1qo 1{0 120
{ 32
PPPPPPDPDDPPPPPYSPPPPPPPPPPPPPPP 4
2 (2) Aaaaaaaaaaaaaaaag;aaaaaaaaaaaaaaa "
3 3 PppppppppppppPppggpnppppppnpnpppp "
4 (4) Aaaaaaaaaaaaaaaag:aaaaaaaaaaaaaaa %
3 (9 Ppppapppppvpppppggppppppppppppppp "
6 (6) Adaaaaaaaaaaaaaadazadaaaaadaaaaada

9% (120)
7 (M p D)

FQPDPFHFFPPPPP%QQPPPP(qgo)
8 (8) Adaaaaaaa
MONTHS lgo 130 110 1§0 1§0 IZO 1@0

128
7 continued pppppspRpp 144
8 continued ddddadddaadaaadaaadaddaaa
128 160
9 (9 Pppppppppppppppqg&opppppppppppppp 76
10 (10) Aaaadasaaaadaadaaaadaaadaaadaiaaa
(11)130 (180)192
11 pppp f
pp PPPPPPPPQ %QQBO)
12 (12) Aaaaa 208
LESEND . ) )
P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orhit
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Phase E
Scenario II-39

3<-Month Design Life

1e-Month Launch Interval
4-Month Call-up (After a Launch
Failure or Premature Failure)

Three Random Launch Failures
Three Premature Failures
(14 Months Before Design Life)

MONTHS !0 go qo 10 ?0 §0 ZO qo ?0 1qo 1{0 120
] i ) 1 ] ] 1 t ] ] ] ]
é ki
PPPFPPPPPPPDPP?EDDPPPPPPPPPPPPF 24 9
2 (2) Adaaaaaaaaaadadaaaal
3 390 6
4 (4) Papp%nppnmppnpmnpnpppppppppp
3 (9 0 7%
3 (8) Aaaaaiaaaaaaaaaazaaaaaaaaaaaaaaaa 2
7 N Pppnvnppppnppnppggpppppppmpmn o
8 (8) Adddadaadaaaaaaaaal
92 (120)
3 (9) P
| PPPPP%%PPPP?PPPPPPPPPPPPP%%%O)
10 (10) Aaaadaaddaaaaaaaiaaddaa
114 (1200
11 (11> Pppoppp
MONTHS 1%0. 1qo 110 1§0 1§0 110 1qo
9 continued 124
continue
poppR 120
10 continued dddddaddaaa
11 continued ppppppppp%ggl
12 (12) ¢
134 166
3 (13) Ppnnlggppp!'"r'ﬂppppppwmnpnnppppp 70
14 (14) Addadaddaadaaddidaddadadiadaaaaaa
15 (15)134 (180)186
pppp
popo PPPPPPPP%g%PPPPPPQgEO)
16 (16) Adadaadaaaa 202

LEGEND
P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
] = Premature failure on-orbit



Phase E
Scenario II-6€0

Four Random Launch Failures
hree Premature Failures

32-Month Design Life r
(14 Months Before Design Life)

i6-Month Launch Interval
4-Month Call-up (After a Launch
Failure or Premature Failure)

NONTHS %0 go qo 10 §0 §0 zo qo ?0 190 1go 130!
é 2
PPPPPPPPPPPPPPrgPPPPPPPPFPPPPPP 2 pr
2 (2) Aaaaaaaaaaaaaaaag%]
3 (0
36 68
¢ (4) Ppnpggppnpppppnppnppppnpppppppppp
5 ()0
44 _ 76
6 (6) Aaaaaaaaaaaaaaaazsaaaaaaaaaaaaaaa
92
7 n PpppppppppppPpopggppppppppppppppp %
8 (8) Addaaaaaaaaaaadaaal
2 (120)
9 (9) Ppppppppppe f
ppp ngﬂ fppagpQRARERRY %g%o!
10 {10) Aaaaaaaaaaaéaaaaaaaaaaa
: 114 uml
i , ’ (11) Poppppp
NONTHS 1%0 1qo 110 l§0 l§0 IZO 1@0
3 continued 124
continue
peppe 130
10 continued Jdadaaaaaaa
t1 continued pppppppppﬁgs]
12 (12) 0
134 _ 166
13 (13) PppqggpPPPPPPPFPPPPPPPPPPPPPPPPPP
14 (14) 0
14 : 174
15 (15) Aaadaaaaaaaaadadaaadaaaiddadaaaas
158 180)
16 (16) Ppppppppppppppppgvvngggo 190
17 (17) Aaaaaaa 208

LEGEND '
Launch of a satellite into the afternoon orbit

lLaunch of a satellite into the morning orbit
FPremature failure on—-orbit

>0
huu
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POES On-orbit History
(29-41-37-15-Month Cycle)
4-Month Call-up (After a
Failure On—-orbit)

Phase E
Scenario 11-61

No Random Launch Failures
No Earlg Indications of
n—-orbhit Failure

MONTHS !0 go qo 10 §0 §0 10 go ?o 190 l%O 1%0

| o]

mMmmwmmmmMthm

2 (2) Aaaaaaaaaaaaaaaaaaaaaggaaaaaaaaaaaaaaaaaa] (41 nonths) 2

3 &) PPPPPPPPPPPPPPPPPPPPPPPngPPPPPPPPPPP] 7537 aonths)

4 (4) Adaaaaaaaaaaaaal 7‘15 aonths) 103

3 Gﬂmwmmmmmmmﬂﬂhmwng

& (6) Addddddadadaddadaaadaadaadaddaaidaaaaaaaal

(41 sonths)

107 (120)

1 (7Y Ppppppnpeppppp

NONTHS 120 130 140 150 160 170 180

7 continued
8

: 144
1 (37 sonthse)
‘ PP%%%PPPPFPPPPPPP%%%PPPF

(8) Aaaaaaaaaaaaaaal (15 months)
142 in

9 (9) Aaadaddaadaddddadadaaaaaaaaaal (29 :?BB?S)

10 (10) Pppppnpnnppppppppppnpnppppqggpngqaoi 189 (41 nonths)
1 (11) Aaaaaa 1212 (37 wonths)
LEGEND

P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite irto the morning orbit
] = Failure on-orbit



Phase E
Scenario I11-62

Three Random Launch Failures
N Earlé Indications of
h-orbit Failure

POES On-orbit History
(29-41-37-15-Month Cycle)
4-Month Call- (After a Launch
Failure or Failure On—orbit)

NONTHS 10 go qo 10 §0 §0 10 qo 90 100 110 120
{ ra)
mmmwwmmmmﬂuhmm, 5
2 (2) Aaaaaaaaaaaaaaaaaaaaaggaaaaaaaaaaaaaaaaaa] (41 sonths)
3 90
37 74
4 4 Ppppmpmopopppppp%gpppopoppppopppp1 (37 nonths)
S () 0
61 76
6 {6) Adaaaaaaaaaaaaal 7(15 aonths)
107

7 N Pnpp%gppppppnppppppppnpnpnppp1 (29 aonths)
8 8 0

86 (120)
9 (9) Aaaaalaaaaazadazaaalaaaadadadaaaidaaa

111 (120)
10 (10) Pppppppppp
NONTHS '120 1?0 110 1§0 1§0 110 1@0
127
9 continued daaaaaal (41 nonths)
_ 148 175
10 continued pppppppppp%gqpppppppppppp%%%] (37 sonths)
i1 (11) Aaaaaaaaaaaaaaal (13 sonths)
150 179

12 (12) Pppqggppppppppppppppppppppppg180529 aonths)
13 (13) Aaaaaaaaaadaaadaadaaaaaadaa 1 193 (41 sonths)

LESEND . ,

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Launch failure

Failure on—orbit

~O>P>T
]
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Phase E
Scenario II-€3

POES On-orbit History '
(29-41-37—-15-Month Cycle) '
4-Month Call-g? (After a Launch |
Failure or Failure On-orbit) H

Four Random Launch Failures
No Earla Indications of
h=orbit Failure

NONTHS 10 2 30 40 50 60 70 80 %0 100 110 120
] 1 1 ] ] ] ] ] 1 [ ] '
1 29
PppmnppppggpppnppnpnpnnnppJ (29 nonths)
2 (2) Adaaadadaaaaaaaaadaadaaadaidaaaaaadaaaaaaal (41 sonths)
3 (3 0
37 74
4 u)fMannmwwwwgwmwmnmmwl (37 sonths)
5 (5 0
61 76
6 (8) Adddadaaadaaaaal 7515 aonths) 107
7 M Ppppgspppppppppppppppppppppppl (29 wonths)
8 8 0
(120
9 (9) Asaaaaaaadaaaaaaadaddadaaadaqaaaa
11 (120)
10 (10) Pppppppppp
HONTHS 120 130 140 150 160 170 180
127
9 continued daaazaal (41 wmonths) 4 78
10 continued wwwww%pwwwwwwwl(ﬂlmmﬂ
{1 : (0
150
12 (12) Aaaaaaaaaaaaaaal (15 months)
152 (180)
13 Iumpw%ywwwwwwwwww%d (81 129 sonths)
14 (14) Adaadaaadadddaadaaaaaaaaa 1197 (41 aonths)

LEGEND ) )

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Launch failure

Failure on—-orbit

—ODP>V

A-127



Phase E
Scenario II-6€4

POES On-orbit History : . No Random Launch Failures
(29-41-37-15-Month Cycle) : With Indications of On-orbit
4-Month Call—u? (After a Launch { Failure 4 Months Early for
Failure or Early Indications of i Satellites With 29-, 41-, or
Failure of an On-orbit Satellite) | 37-Month Lifetimes

HONTHS 10 go qo 10 §0 §0 zo qo 90 100 110 gzo
| 25
Pwmmwmmgmmwmwwpmwl (29 nonths) 9 5
2 (2) Aaaaaaaaaaaaaaaaggaaaaaaaaaaaaaaaaaaa]aaa] (4 |og§hs%6
3 &) PpppppppnppppppppppnppppggpppppppJppp1 68(37 aonths)
4 (4) Aaaaaaaaaasaaaal (15 aonths)
66 91 95
5 (3 Pppppp%ppppppnppppppppppJpppl (23 -onths)10 -
4 (6) Adaadaaaadaadaaadaaaaasaadaaazaaaaaaaalaaal (41 months)
9% (120)
7 (71 p
PFPP?PppPPPPPPPPQ?%PPP%QEO)
8 (8) Aaaazaaa
HONTHS 1go 1?0 110 1§0 1§0 IZO 1@0
128 132 -
7 continued pppppppf%gpp] (37 aonths)
8 continued aaaaaaaal (13 wonths)
132 157 161 )
9 9 Pppfggpppppnpnppupppppppplnpnl (29 lont?;% -
10 (10) Aaaaaaaaaaaaaaaaaaaaaaaafg?aaaaaaaaaa]aaa](153} months)
1 (e 1 198 (37 nonths)
PPPPPPPPPPPPP%%%%%%O)

12 (12) Aaaa 1 192 (15 months)
LEGEND ]

P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit

] = Failure on~orbit — if two symbols, the first

reﬂresents early indicatinons that a failure will
likely occur in 4 months

A-128



Phase E
Scenario II-63

POES On—orbit History i Three Random Launch Failures
(29-41-37—-15-Month Cycle) i With Indications of On-orbit
4-Month Call—u? (After a Launch i Failure 4-Months Early for
Failure or Early Indications of { Satellites With 29-, 41-, or
Failure of an Oh-orbit Satellite) ! 37-Month Lifetimes

NONTHS 10 2 30 40 30 60 10 80 90 100 110 120

! yo R
Ppmmmggnppmmwlml (29 nonths)

3
2 (2) Aaaaaaaaaaaaaaaaa%;aaaaaaaaaaaaaaaaaaJaaa] (41 aonths)
3 (30
3 66 70
4 (4) Pppm:npnpnppoooppmggmmnmoJml (37 nonths)
s (5) 0
12
6 (6) Aaaaaaaaaaaaaaal (13 aonths)
70 % 9
7 (N PpppDD%%PP?FPPPPPPPPPQPPPJPPP] {29 aonths)
8 (8) 0
20 117(120)
9 (9) Aaadaaaaaddadadadaaadadaaaaddadaaaaaalaaa
99 (120)

10 (10) PpppppppppRppeRPRPPRPR
HONTHS lgo 1?0 110 1§0 l§0 IZO 1?0

121
9 continued al (44 nontgg)
10 continued lppp] (37 nonths)

TQYPPPPPPPPP PPY36
11 (11) Aasaaaaaaaaaadal (15 months)

. 136 161 163

12 _ 12) Pppmpqpnpnnnnpnpmnppplpppl (2 lonﬂli;; (180}
13 (13 Aaaaaaaaaaaaaaaaaaaaaaaa?ggaaaaaaaaaa]aaa 1 {81 (41 months)
14 (14) Pppppppopppepppd 1 202 (37 months)
LESEND

P = Launch of a satellite into the afternoon orbit

A = Launch of a satellite into the morning orbit

0 = Launch Failure

] = Failure on-orbit - if two symbols, the first

rggresents early indications that a failure will
likely oczur in 4 months
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Phase E
Scenario I1-6&6

POES On-orhbit History ! Four Random Launch Failures
(29-41-37-15-Month Cycle) i With Indications of On—orbit
4-Month Dall—u? (After a Launch ] Failure 4 Months Early for
Failure or Early Indications of i Satellites With 29—, 41-, or
Failure of an Oh—-orbhit Satellite) } 27-Month (Lifetimes

MONTHS 10 go qo 10 §0 §0 zo §° %0 100 110 120
1 [} ] 25 29| ] ] 1 1] [} t () [] ]
Pnnpppppnppfgppnnppppppplpnpl (29 wonths) 9 5
2 (2) Aaaaaaaaaaaaaaaaaggaaaaaaaaaaaaaaaaaa]aaa] (41 aonths)
3 ()0
kK] 86 70
4 (4) Ppppppppppppnppppupp%gpppppppppppJpppl (37 nonths)
5 (5) 0
LY 12
) {8) Aaaaaaaaaaaaaaal (15 eonths)
70 95 99
7 o) PppppnggppnpppppppppppnppJpppl (29 sonths)
] (8) 0
80 117(120)
9 (9) Aaaaaaaaaaasaaaaadaadadadaaaaaasaaaaaalaaa
99 120
10 (10) PpppppppppppPRPRRPARRR
MONTHS 1%0 lqo 110 1qo IQO IZO 1go
121
9 continued al (41 nonths)
132 136
10 continued Fgfppppppppp]ppp] (37 nonths)
i1 (113 0
129 140
12 (12) Aaaadaaaaaaaaaal (15 months)
136 161 165
13 (13) Ppnmnqgg'pmmnmmplml (29 mnths)( ]
14 (14) Aaaaaaaaaaaaaaaaaaaa?g%aaaaaaaaaaaaaa 1 185 (41 months)
13 (15) Ppappppppppepppp 11 202 (37 months)
LEGEND '
P = Launch of a satellite into the afternoon orbit
A = Launch of a satellite into the morning orbit
0 = Launch failure
] = Failure on—-orbit - if two symbols, the first

reﬁresents early indications that a failure will
likely occur in 4 months

aA—-130



Phase E
Scenario II-&7

Exact Higtory of the Current POES - Satellite Lifetimes on a
29-41-0-37-13~Month Cycle, Where the Zero
' Represents a Caanch Failure

4-Month Call-up (After a Launch i Noe Early Indications of an
Failure or the Failure of an i On-orbit Failure
On—-orbit Satellite) '

MONTHS 10 2 3 40 %0 60 70 80 %0 100 110 120
1 29
Nmmwmmwymmwnmwwml (29 sonths)
2 (2) Aaaaddadddaidadaaaddadaaaarradaadaaaidaaaaal (41 sonths)
3 (3 0 "
4 “)hmmwnwmwwww§wwwwwmmgy (37 nonths)
5 (3) Adaadaaaasaaaaal (%2 aonths) 105
6 (8 Ppppggpppppnpppppppppppppnpap1 (29 'O"thsixzo)
7 n Aaaaaaaaaaaaaaaaaaaaaaaaaaaa1sgaaaaaaaaaa
8 (8) 0
13 (1200
9 (9) Pppppppp
NONTHS 120 130 140 150 160 170 180
121
7 continued al (41 »months) 150
9 continued 9wm3?mwwwqum§wwmwl (37 sonths)
10 (10) Aaaaadaaaaaaaaal (19 sonths)
144 173
1 (i Aaaaaaaaaigifaaaaaaaaaaaaaaaa1 (23la%?ths)
12 (12) Ppppppppppppppppppppppqggpp 1193 (41 aonths)
13 ' (13) 0
LEGEND

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Failure on-orbit - if two symbols, the first -
rgﬁresents early indications that a failure will
likely occur in 4 months

w»T
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Phase E
Scenario II~-€8

Exact History of the Current POES ~ Satellite Lifetimes on a
29-41-0-37-15-Month Cycle, Where the Zero .
Represents a Launch Failure

4—~-Month Call-u? (After a Launch i With Early Indications of
Failure or Ear ; Indications 5 Failure of Satellites With

of an On-orbit Failure) 29-, 41-, or 37-Month Lifetimes
MONTHS !0 go qo 10 §0 §0 zo qo 90 100 110 1go
{ y- Ry
Ppnpppppppprgppppnppppnplnpp1 (29 nonths) .
2 (2} Aaaaaaaaaaaaaaaaaggaaaaaaaaaaaaaaaaaa]aaa] (41 months)
3 3) 0
kx| he 70
4 (4) Ppppppppppppppppvppp%gpppppppppppJp%%l (37 aonths)
S (5) Aaaaaaaaaaaaaaal (15 months)
70 95 99
6 (&) Pppp%pppppppppppppppppppJpppl (29 non'ﬂﬁ)1 s
7 (7) Adadaaasaaadaaaaadadaaaaaaaaadaaaadaalaaal
(41 wonths)
99 . !
8 (8 0
103 (120)
9 (9P ppp 1
pPprPpROp ﬂ?§°3?%o)
10 (10) Aaaaaa
NONTHS 130 1?0 110 1§0 1§0 1zo 1§0
136 140
9 continued pppppppppfggpppp]ppp] (37 months)
10 continued aaaaaaaaaal (15 months)
124 159 163
i1 (11) Aaaaafggaaaaaaaaaaaaaaaaa]aaa] (29 nonth?g (180)
2 - (12 PppppnppppnmnpppppppgggpppmppnpppIppp 1181 (41 sonths)
13 (13) ¢
167 (180)
14 (14) Aaaadaaaaaaaaa 1192 (37 sonths)

LESEND

Launch of a satellite into the afternoon orbit
Launch of a satellite into the morning orbit
Failure on—-orbit - if two symbols, the first
reeresents early indications that a failure will
likely ozcur in 4 months

=T
inn






DESCRIPTION OF THE METHODS USED

The cost in today's dollars for a single satellite launched
into orbit was set at $C million. A constant inflation rate was
applied over the 15 years of 6 percent per year (0.5 percent per
month), and the inflation was applied to each satellite from the
start of the 1l5-year period to the month in which a particular
satellite is launched.

To simplify cost calculations, it was assumed that when one
or more additional satellites are required to replace satellites
after a launch or premature failure, the satellite(s) will be
purchased for delivery in year one at a cost of $0.75 C million
and held in storage, with inflation applied only to the launch
costs ($0.25 C million) to the month in which the satellite is
launched. These launch costs were inflated as if a replacement
satellite was the 1last to be launched in the 15-year period.
This method of inflating satellite and launch costs for replace-
ment satellites 1is not exact, but cost errors are so small that
they will not significantly distort the estimated monthly cost to
acquire data successfully, ' particularly when these costs to
acquire data are normalized in the comparison and evaluation
parts of this analysis.

This simplified method of cost calculation was used for all '
scenarios except those in Phase E, which models extended life
using the exact history of the current POES satellites to select
future 1launch dates. In these extended-life scenarios, launch
costs were calculated for each satellite using the date shown on
the plotted charts.

Costs for each launched satellite are calculated using the
formula:

Unit Cost = $C million + ($C million x months to launch
X 0.005). .



TABLES OF CALCULATIONS

case 1

One-satellite system
with satellites launched at
18-month intervals

| Satellite | Months to | Cost in $C million |
| | Launch | == ——eeem———— ————— |
| | | Unit | Cumulative|
| mm——————— ———— ——— Sessssssses- m———— I
| e tes |
| 1l 0 1.00 1.00 |
| 2 18 1.09 2.09 I
| 3 36 1.18 3.27 |
| 4 54 1.27 4.54 |
| 5 72 1.36 5.90 |
| 6 90 1l.45 7.35 |
| 7 108 1.54 8.89 |
[ 8 126 1.63 10.52 |
| 9 144 1.72 12.24 |
| 10 162 1.81 13.42 |
| 11 180 1.90 15.95 |
| |
| e s e Y |
| nch o sat t |
| |
| Base cost from above 15.95 |
| An additional satellite 0.75 |
| Launch costs inflated for i
| 180 months 0.48 |
| Total for 12 satellites 17.18 |
|

| s os follow the above which require ‘
| satellites |
I

| Base cost for 12 satellites 17.18 {
l An additional satellite 0.75 i
| Launch costs inflated for |
| 180 months 0.48 |
| Total for 13 satellites 18.41 [



Case I

One-satellite system
with satellites launched at
20-month intervals

| Satellite | Months to | Cost in $C million |
| | Launch . | mmm e mcr s c e e e - |
| | | Unit | Cumulative]
P |
All scenarios_involving the launch of 10 satellites

1 0 1.00 : 1.00

2 20 1.10 2.10

3 40 1.20 3.20

4 60 1.30 4.60

5 80 1.40 6.00

6 100 1l.50 7.50

7 120 1.60 9.10

8 140 1.70 10.80

9 160 1.80 2 12.60

10 180 1.90 14.40

Same as above, but requiring the launch of 11 satellites

Cost of 10 satellites 14.40
An additional satellite 0.75
Launch costs inflated for
180 months 0.46
Total cost for 1l satellites 15.61

Same as above, but requiring 12 satellites

e —

Cost of 11 satellites 14.40
An additional satellite 0.75
Launch costs inflated for
180 months 0.46
Total cost for 12 satellites -16.82



Case I

One-satellite system
with satellites launched at
22-month intervals

| Ssatellite | Months to | Cost in $C million |
| | Launch ittt L |
| | I Unit | Cunulative|
——————— - D G = T T G W G S D S D S G S AP S D S S S D D S IR S S IR SR R SR 5D S 4D G e G5 5 e S e 0 S 5 e e e b e e e l
} sce os lnvolv the c 9 sat tes |
| 1 0 1.00 1.00 |
| 2 22 1.11 2.11 |
| 3 44 1.22 3.33 |
| 4 66 1.33 4.66 |
| 5 88 1.44 : 6.10 |
| 6 110 1.55 7.65 |
| 7 132 1.66 9.31 |
| 8 154 1.77 1l1.08 |
| 9 176 1.88 12.96 |
| : |
| e a ve, but re ' the launch of a 10th satellite]
| Cost of 9 satellites 12.96 |
| An additional satellite 0.75 |
| Launch costs inflated for |
I 176 months 0.47 |
| Total for 10 satellites 14.18 |
I :
| Same ove, but ] the lau an 11lth :
| satellite
] Cost of 10 satellites 14.18 1
| An additional satellite 0.75 [
| Launch ~:sts inflated for |
| 176 months 0.47 |
| Total for 11 satellites 15.40 |
| .
| Same as ove, but re ing the laun of a 12th }
| satelljte
| Cost of 11 satellites 15.40 }
| An additional satellite 0.75 |
| Launch costs inflatad for |
| 176 months - 0.47 |
| Total for 12 satellites 16.62 |



Case I

One-satellite system (Phase E)
with satellites launched at irregular intervals
following recent POES history

I Satellite | Months to | Cost in $C million |
| | Launch | = e e e |
| | I Unit | Cumulative|

Scenario I-46

| I
| |
| 1 0 1.00 1.00 |
| 2 33 l.16 2.16 |
| 3 78 1.39 3.55 |
[ 4 119 1.60 5.15 |
| 5 138 1.69 6.84 I
| 6 171 1.85 8.69 |
I I
| Scenarios I-47 and I-=48 |
| 1 0 1.00 1.00

| 2 33 1.16 2.16 |
| 3 37 1.19 3.35 |
| 4 82 1.41 4,76

| 5 86 1.43 6.19 |
| 6 127 1.64 7.83 |
| 7 146 1.73 9.56 |
| 8 179 1.89 11.45 ]
| |
| Scenario I-49 |
| 1 0 1.00 1.00 |
| 2 29 1.14 2.14 |
| 3 70 ~.35 3.49

| 4 107 1.52 ~ 5.02 |
| 5 126 1.63 6.65 |
| 6 155 1.78 8.43 |
I ' |
| Scenario I-50 |
| 1l 0 1.00 1.00 |
| 2 29 1.15 2.15 |
| 3 33 l1.16 3.31 |
| 4 74 1.37 4,68 |
| 5 78 1.39 6.07

| 6 115 1.58 7.65 |
| 7 134 1.67 9.32

| 8 163 1.81 11.13 I



Case I

One-satellite system (Phase E)
with satellites launched at irreqular intervals
following recent POES history

(continued)

| Satellite | Months to | Cost in $C million |
| | Launch | smmc e ccccccac - ————e—e——- |
| | | Unit | Cumulativa]
Sesmaria Tosi T T |

Scenarjo I-51
1 1 0 1.00 1.00 |
| 2 29 1.15 2.15 |
| 3 33 1.16 3.31 |
| 4 74 1.37 4.68 l
| 5 78 1.39 6.07 |
| 6 115 1.58 7.65 |
| 7 134 l.67 9.32 |
| 8 163 1.81 11.13 |
| 9 167 l.84 12.97 |
l
| Scenario I=-52 :
| 1l 0 1.00 1.00 |
| 2 33 1.17 2.17 |
| 3 78 1.39 3.56
| 4 82 l.41 4.97 |
1 5 123 1.62 6.59 |
| 6 142 1.71 8.30 |
| 7 175 1.87 10.17 [
| .
| Scenario I-53 ' {
| 1 0 1.00 1.00 |
| 2 29 1.15 2.15 |
| 3 70 1.35 3.50
[ 4 74 1.37 4.87 |
| 5 111 1.55 6.42 |
| 6 130 1.65 8.07 |
| 7 159 1.80 9.87 |



ase-—

Two-satellite system
with satellites launched at
12-month intervals

| Satellite | Months to [ Cost in $C million |
| | Launch | m————er e cccn e c e c e n——— |
| ] | Unit | Cumulative|
| e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e s e e e e~ —— |
| All scenarios requiring the launch o 6 _satellites |
| 1 0 1l.00 1.00 |
| 2 12 1l.06 2.06 |
| 3 24 1l.12 3.18 |
| 4 36 l.18 4.36 |
| 5 48 1.24 5.60 |
| 6 60 1.30 6.90 |
[ 7 72 1.36 8.26 |
| 8 84 1.42 . 9.68 |
| 9 96 1l.48 1ll.16 . |
| 10 108 1.54 12.70 |
| 1l 120 1.60 14.30 |
| 12 132 l.66 15.96 |
| 13 144 1.72 17.68 |
| 14 156 l1.78 15.46 |
| 15 l6e8 l.84 21.30 |
| 16 180 1.90 23.20 |
| |
| All scenarios recuiring the launch of 17 satellites |
| Cost of 16 satellites 23.20 |
| An additional satellite 0.75 |
| Launch cost infleted for |
| 180 months 0.47 |
| Total cost for 17 satellites 24.42

I |
| All scenarios requiring the launch of 18 satellites I
| Cost of 17 satellites 24.42 |
| An additional satellite 0.75 |
| Launch cost inflated for |
| 180 months 0.47 |
| Total cost for 18 satellites - 25.64

| |
| All scenarios requiring the launch of 20 satellites

| Cost of 18 satellites 25.64 |
| Two additional satellites 1.50 |
| Two launch costs inflated

| for 180 months 0.94 |
| Total cost for 20 satellites 28.08



Case I1

Two=-satellite system
with satellites launched at
l4-month intervals

Two additional satellites 1.50
Two launch costs inflated

| Satellite | Months to | Cost in $C million |
| | Launch aded e L il |
| | | Unit | Cumulative|
e |
| scenaxlos re t ¢h o sate tes

| 1l 0 1.00 1.00

| 2 14 1.07 2.07

| 3 28 1.14 3.21

[ 4 42 1.21 4.42

| 5 56 1.28 5.70

| 6 70 1.35 7.05

| 7 84 1.42 8.47

| 8 98 1.49 9.96

| 9 112 1.56 11.52

| 10 : 126 1.63 ' 13.15

| 11 140 1.70 14.85

| 12 154 1.77 l6.62

| 13 168 1.84 18.46

I

| Scenarios re ng the launch o satellites

| Cost of 13 satellites 18.46

I

I

I

I

|

|

I

|

I

I

|

I
|
I
|
I
I
I
|
I
I
|
I
|
I
. I
|
I
I
|
|
I
I
I
I
I
|
I
I

for 168 months 0.96
Total cost for 15 satellites 20.92
Scenarios requirin e unch o 6_satellites
Cost of 15 satellites 20.92
An additional satellite 0.75
Launch cost inflated for
168 months 0.48
Total cost for 16 satellites 22.15



Case TII

Two=-satellite system
with satellites launched at
l6-month intervals

| Satellite | Months to | Cost in $C million |
| [ Launch R L e et L LT |
[ | | Unit | Cumulative|
| == e e e |
| All scenarios requiring the launch of 12 satellites |
| 1 0 1l.00 1.00 |
| 2 16 l.08 2.08 I
| 3 32 1.16 3.24 !
| - 4 48 1.24 4.48 |
| 5 64 1.32 5.80 |
| 6 80 1.40 7.20 |
| 7 96 1.48 8.68 |
| 8 112 1.56 10.24 |
| 9 128 1.64 11.88 |
| 10 144 l.72 13.60 l
| » 11 160 1.80 15.40 |
| 12 176 l.88 17.28 [
I I
| Scenarios requiring the launch of 13 satellites |
| Cost of 12 satellites 17.28 |
| Another satellite 0.75

] Launch costs inflated for |
| 176 months 0.48 |
| Total cost for 13 satellites 18.51

! . |
| Scenarios requiring the launch of 14 satellites |
| Cos* of 13 satellites 18.51 |
| Another satellite 0.75

| Launch costs inflated for

| 176 months 0.96 |
| Total cost for 14 satellites 19.74

l |
| Scenarios requiring the launch of 16 satellites I
| Cost of 14 satellites 19.74 |
] Two additional satellites 1.50 |
| Launches (2) inflated for |
| 176 months 0.96

| Total cost for 16 satellites 22.20

| |
| Scenarios requiring the launch of 17 satellites |
| Cost of 16 satellites 22.20 |
| Another satellite 0.75 [
| Launch costs inflated for |
| 176 months 0.48

| Total cost for 17 satellites 23.43 I



Gase 11

Two-satellite system (Phase E)
with satellites launched at irregular intervals
following recent POES history

| Satellite | Months to | Cost in $C million |
| | Launch e |
| | l Unit | Cumulative|
| mmmm e e e e e e e e e e e e e e — e —————— |
| Scenarjoc II-6] ,
| 1l 0 1.00 1.00

| 2 12 . 1.06 2.06 |
| 3 33 1.15 3.21

| 4 57 1.29 4.50

| 5 74 1.37 5.87 |
| 6 78 1.39 7.26 |
| 7 107 1.54 8.80 1
| 8 123 1.62 10.42 |
I o 142 1.71 12.13

| 10 148 1.74 13.87 |
| 11 175 1.88 15.75 |
| .

| Scenario II-62 .i
| 1 0 ©1.00 1.00 |
| 2 12 1.06 2.06 |
l 3 33 1.15 3.21 |
| 4 37 1.18 4.39 |
| 5 57 1.28 5.67 |
| 6 61 1.31 6.98 |
| 7 78 1.39 8.37 |
l 8 82 1.41 9.78 |
| 9 86 1.43 11.°1

| 10 111 1.55 12.76

| 11 131 1.66 14.42 |
| 12 150 1.75 16.17 |
| 13 154 1.77 17.94 |
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Case II

Two~satellite system (Phase E)
with satellites launched at irregular intervals
following recent POES history

(continued)

| Satellite | Months to | Cost in $C million J
| { Launch | et e e e e c e e m e ————— !
| | | Unit | Cumulative|
| =m=mmmme e e e |
| Scena -63 _ |
| 1 0 1.00 1.00 |
| 2 12 1.06 2.06 |
| 3 33 1.15 3.21

| 4 37 1.18 4.39 |
| 5 57 1l.28 5.67 ]
| 6 61 1.31 6.98 |
| 7 78 _ 1.39 . 8.37 |
| 8 82 1.41 9.78 |
| 9 86 1.43 11.21 |
[ 10 111 1.55 12.76 [
| 11 131 l.66 14.42 (
| 12 . 135 1.67 16.09 [
| 13 152 1.76 17.85 |
i 14 156 1.78 19.63 |
| : I
| Scenario II-64 |
| 1 0 1.00 1.00 |
| 2 12 1.06 2.06 |
| 3 29 1.15 3.21 |
| 4 53 1.26 4.47 |
| 5 66 1.33 5.80 |
| 6 72 1.36 7.16 |
( 7 95 1.48 8.64 |
| 8 113 1.56 10.20 |
| S 132 l1.66 11.86

| 10 136 l.68 13.54 |
| 11 161 1.80 15.34 [
| 12 177 1.89 17.23 |
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Case II

Two-satellite system (Phase E)
with satellites launched at irregqular intervals
followinq recent POES history

(continued)
| Satellite | Months to | Cost in $C million |
| | Launch R T — |
| | | Unit | Cumulative|
__________ T
Sce - I
1 0 1.00 1.00 |
2 12 1.06 2.06 |
3 29 1.14 3.20 |
4 33 1.17 4.37 |
5 53 1.26 5.63 |
6 57 1.29 6.92 |
7 70 1.35 8.27 |
8 76 1.38 9.65 |
9 80 1.40 11.08 |
10 99 1.49 12.54 |
11 121, l.61 14.15 |
12 136 1.68 15.83 |
13 140 1.70 17.53 |
14 165 1.82 19.35 |
|
Scenarjo II-66 |
1 0 1.00 1.00 |
2 12 1.06 2.06 |
3 29 1.14 3.20 |
4 33 1.17 4.37 |
5 53 1.26 5.63 |
6 57 1.29 6.92 |
7 70 1.35 8.27 |
8 76 1.38 9.65 |
9 80 1.40 11.05 |
10 99 1.49 12.54 |
11 121 1.61 14.15 |
12 125 1.62 15.77 |
13 136 1.68 17.45 |
14 144 1.72 19.17 |
15 165 1.83 21.00 |
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Case ITI

Two-satellite system (Phase E)
with satellites launched at irregular intervals
following recent POES history

(continued)

] Satellite | Months to | Cost in $C million l
| | Launch | = e e ——— |
| | | Unit | Cumulative|
| == e e e e e e e e e e e e e e e e e m e ——— e —— == |
| Scenario II-67 |
| 1 0 1.00 1.00 |
| 2 12 1.06 2.06 |
| 3 33 1.16 3.22 |
| 4 37 1.19 4.41 |
| 5 57 1.28 5.69 |
| 6 76 1.38 7.07 |
| 7 80 1.40 8.47 t
| 8 109 1.55 10.02 ]
| 9 113 1.56 11.58 |
| 10 125 1.63 13.21 |
[ 11 144 1.72 14.93 l
| 12 -- 154 1.77 16.70 |
| 13 177 1.88 18.58 |
| |
| Scenario II-68 |
| 1 0 1.00 1.00 1
| 2 12 1.06 2.06 |
| 3 33 1.16 3.22 |
| 4 37 1.19 4.41 |
[ 5 53 1.26 5.67 I
| 6 70 1.35 7.02 |
| 7 74 1.37 8.38 |
[ 8 99 1.50 9.89

| 9 103 1.51 11.40

| 10 115 l.58 12.98 |
| 11 134 1.67 14.65 I
| 12 140 1.70 16.35

| 13 163 1.82 18.17 |
| 14 167 1.83 20.00
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A. QBJEC

This appendix reports on the analyses of the probabilities of
failures in future satellites deployed under a wide range of plan-
ning assumptions about the POES. The period of analysis is 15
years. Both the one-satellite and the two-satellite systems are
considered. Analysis of probabilities allows the selection of
those scenarios with the highest probabilities of success for
further analysis.

B. I¥YPES OF SATELLITE FAITURES CONSIDERED

The failures this study is concerned with are mission fail-
ures: satellites that do not, for any reason, deliver Primary
Mission Data (images and soundings) over their full projected
lifetimes on-orbit. For this analysis, two types of failures
were considered:

. launch failures--a useful orbit is not achieved because of
a failure of <the launch vehicle, the orbit insertion
system on the satellite, or the satellite subsystem
designed to establish a stable, acceptable orbit after
launch, and

. premature failures--an on-orbit satellite does not achieve
its expected 1lifetime because of the failure of the
imager, the sounder, or spacecraft systems such as power
supplies, communication links, orbit maintenance
capabilities, or other capabilities needed to assure
successful operations, even though the satellite may
continue to provide services other than collecting Prime
Mission Data.

COMPUTATIONAL APPROACH

It is possible to use the probability of failure of individ-
ual components to forecast the performance of a satellite series
over an extended period of time. This approach recognizes a wide
spectrum of possible failure conditions, from trivial to cata-
strophic, and leads to conclusions about satellites falling short
of or exceeding expected lifetimes. The USAF General
Availability Program (GAP) uses such an approach.

Another approach is to use information gained while operating
previous, similar spacecraft to determine the relative frecuen-
cies with which failures, extended or shortened lifetimes, and
other events of importance will occur in the future. In this
approach, historical frequencies are used as predictors of future
performance.
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This second approach was selected, using the past as pro-
logue, for use in this analysis because:

. extensive experience with modern NOAA-series satellites
provides a significant data base, since additiocnal
satellites of the present design are on order, and there
is as yet no compelling reason to believe that the next
generation of polar-orbiting satellites will be
significantly different from these;

. results of this analysis are to be used to study program
and management models, not technical designs of sensors
and spacecraft; and

. the history of mission failures of the recent POES and of
corrective actions taken shows <that the problem of the
fajilure of a critical component or subsystem can be solved
if a satellite series remains in use for an extended
period of time, but the generic problem of random
component  failures, which may terminate a satellite
mission, remains.

D. COMPUTATIONAL METHOD

The relative frequencies of failures of recent and current
satellites were used as the probability coefficients for future
POES spacecraft. Launch failure experience from Television and
Infrared Observation Satellite (TIROS) M (1970) through NOAA 8
(1984)* is that 3 of 13 satellites failed to achieve useful
orbits, a relative frequency of 0.231. Experience with
spacecraft that have met design lifetimes indicates a relative
frequency of 0.182 for premature failures (2 of 11).

From these values, the probabllities for a launch attempt
resulting in a fully successful satellite launch or a.premature
failure on-orbit were calculated using the notation:

Pr = probability

S = outcome is success

B = outcome is failure to boost the satellite into
orbit (launch failure)

R = outcome ls premature failure.

The probabilities (Pr) assigned <to these outcomes are:
Pr(s) = 0.587, Pr(B) = 0.231, and Pr(R) = 0.182.

* NOAA 9 was finally launched successfully after this portion of
the POES analysis was completed.
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Letting N be the number of spacecraft in a series and s,
b, and r be the numbers of spacecraft in that series that are
successful, fail on launch, or fail prematurely, respectively,
then, N = s+b+r for a series involving N launch attempts.

Using the notation Pr(s,b,r) to indicate <the probability
that a series of N = s+b+r launch attempts results in exactly
s successes, b launch failures, and r premature failures,
the value can be determined by the standard methods for calcu-
lating probabilities for independent events. This value is
arrived at by computing

( N ) 8 b r
Pr(s,b,r) = (s,b,r) [Pr(S)] [Pr(B)] [Pr(R)] ;

( N ) . N!
where (s,b,r) = ====== .

For example, if N = 6, 8 = 3, b =1, r=2, and Pr(s),
Pr(B), and Pr(R) are as shown above, then
( 6 ) 3 2
Pr(3,1,2) = (3,2,1) (0.587) (0.231) (0.182) = 0.09286, to four
significant figures. .

‘It should be noted that this expression does not evaluate the
probability of any particular sequence of events in a series. It
provides a measure of the probability that exactly the specified
number of outcomes of each type will occur, regardless of their
order. Thus, the sequence in which events will occur was estab-
lished when the assumptions in the several phases of the analysis
discussed in Appendix A were specified.

E. APPLICATION OF THIS METHOD

For this analysis of probabilities, N was allowed to vary
from 9 to 20 and s, b, and r to take on all possible values
under the condition that the sum of these values equals the
number of satellite launches attempted (N = s+b+r). Results
were tabulated. For each value of N, peak probability values
[Pr(s,b,r)] were identified. Values were considered 'peak"
under the condition <that larger numerical values are selected
first and the sum of peak values exceeds 0.50.

F. SAMPLE TABUIATIONS

Some abbreviated tabulations are shown in Table C-~l for refer-
ence. In this table, the convention Pr(s,b,r) indicates the mix
of events for the number of launches (N) under consideration.
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Table C=1

Sample tabulations of
computation of probabilities

| FOR 11 SATELLITES (N=ll) FOR 16 SATELLITES (N=16) {
} Pr(11,0,0) = 0.003 Pr(16,0,0) = 0.0002 |
| Pr(10,1,0) = 0.013 ' © Pr(15,1,0) = 0.001 |
| Pr(10,0,1) = 0.010 Pr(15,0,1) = 0.001 !
| Pr(9,2,0) = 0.025 Pr(14,2,0) = 0.004 |
| Pr(8,2,1) = 0,069 Pr(13,2,1) = 0.017 |
| Pr(7,2,2) = 0.084 Pr(12,2,2) = 0.033 |
1 Pr(6,2,3) = 0.060 Pr(1l,2,3) = 0.041 1
| Pr(8,3,0) = 0.029 Pr(13,3,0) = 0.007 |
| Pr(7,3,1) = 0.072 Pr(12,3,1) = 0.028 |
| Pr(6,3,2) = 0.077 Pr(1l,3,2) = 0.052 |
| Pr(5,3,3) = 0.047 Pr(10,3,3) = 0.058 [
| Pr(9,0,2) = 0.015 Pr(14,0,2) = 0.002 |
| Pr(8,0,3) = 0.014 Pr(13,0,3) = 0.003 |
| Pr(9,1,1) = 0.039 Pr(14,1,1) = 0.006 |
| Pr(8,1,2) = 0.054 Pr(13,1,2) = 0.013 |
| Pr(7,1,3) = 0.044 Pr(12,1,3) = 0.017 1
| Pr(7,4,0) = 0.023 Pr(12,4,0) = 0.009 |
| Pr(6,4,1) = 0.049 Pr(1l,4,1) = 0.003 |
| Pr(5,4,2) = 0.045 Pr(10,4,2) = 0.056 |
| Pr(9,4,3) = 0.057 |
| Pr(8,4,4) = 0.039 |

G. SEQUENTIAL LAUNCH FAILURES

There 1is a finite probability for sequential launch failures
in a series of POES satallites. To assess this risk, the most
likely cases of multiple launch failures in a series of fixed
length were examined This led to the question:

What are the probabilities of experiencing two launch
failures in a row in a future series of N satellites,
given that three launch failures occur and 0, 1, or 2
premature failures also occur?

To answer this question, a decision had to be made about hand-
ling cases in which there is a possibility that all three launch
failures could occur in a row. For example, in a series of nine
satellites in which one fails on orbit prematurely and three
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fail on 1launch, there are 504 distinguishable combinations of
successes and failures. O0f these, 336 reflect two or three
launch failures in a row, and only 42 reflect all three in a
row. Should these 42 count as single events of sequential launch
failures, or as 84 events of two launch failures in a row (42 se-
quences where the first two of the three fail in a row, and 42 oc-
currences where the second two of the three fail in a row)?

In the context of this study, the objective is to assess the
program impacts of sequential launch failures. From this point
of view, the harm is done when the first two of three sequential
launch failures occur. This outlook led to a decision to treat
these 42 cases of three launch failures in a row as if they were
42 cases of two sequential launch failures.

With this ground rule in place, the ratios of arrangements of
two or three launch failures in a row to other events for N =
9,10,11...,18; r = 0,1,0r 2; and b = 3 were computed.

Multiplication of these computed values by the appropriate
probability for a case yields the probability of sequential
launch failures for that <case. Table C-2 shows the results of
some of these computations.

Table C-2

Probabilities of at least two launch failures
in a row, given that there are
three launch failures (b = 3)

| Number of | N=9 | N=11 | N = 13 | |
| Premature | | | \ | |
| Failures (r) | | l | |

| 0 0.029 0.016 0.008 0.004 0.002 |
| 1 0.053 0.040 0.025 0.015 0.008 |
| 2 0.040 0.042 0.035 0.024 0.015 |
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EX ATION OF COLUMN HEADINGS

The quantitative data used in this analysis of the long-term
Polar-orbiting Operational Environmental Satellite (POES) was
developed from inspection of the plotted scenarios in Appendix A,
from the system costs calculated in Appendix B, from the prob-
ability assessments discussed in Appendix C, and from the cal-
culation of various measures of systems performance and cost
efficiency as described in Volume 2, Chapter III.

These data are tabulated on the 10 tables in this appendix.
To facilitate review of these tables, which provide the data base
for <the analyses and comparisons. in Volume 1, Chapter IV, the
source of the entries in each of the columns of the tables is
discussed briefly below:

Table Title - Case I scenarios are for the one-satellite sys-
tem, and Case II scenarios are for the two-satellite system -
the phases (A through E) are as discussed in Appendix A;

Column 1 = Scenario - a sequential number for each scenario
plotted and analyzed - the 53 one-satellite scenarios are num-
bered sequentially, as are the 68 two-satellite scenarios;

column 2 - Design Life - shows the assumed design life on
orbit for each plotted scenario - assumed design lifetimes
either range from 24 to 32 months or assume lifetimes that
match the POES history for some of the Phase E scenarios for
both the one-satellite and the two-satellite systems;

Column 3 - Satellites -~ the first entry in this column rep-
resents the number of attempted satellite launches, and the
second figure represents t+he number of satellites that are
assumed to have reached orbit successfully (determined by de-
ducting the number of assumed launch failures from the number
of launch attempts):;

Column 4 - TLaunch Schedule - the first entry is the assumed
fixed 1launch interval for each scenario (these figures range
from 12 to 22 months), and the second entry represents the
call-up schedule for launching replacement satellites after a
launch failure or a premature failure on orbit (figures range
from 0 when it 1is assumed there will be no replacement
launches to 9 months);
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- - represents the number of assumed
random launch failures for each plotted scenario - values
range from O to 4 - when figures appear in the second part of
this column (labeled Conseq) they represent the special cases
where two of the <three or four assumed launch failures are
consecutive;

Column 6 - Premature Fallures on-orbit - listed for each scen-
ario are the number of assumed failures that occur 12 months
(or more as specified for some scenarios) before the end of
the assumed design life - entries vary from 0 to 3;

Column 7 =- Prime Mission Data -~ entries are derived from
inspection of the plotted scenarios in Appendix A - loss
reprasents the number of months in which there would be no
Prime Mission Data (images and soundings) = Degraded repre-
sents the number of months under a two-satellite system dur-
ing which data would be available only from satellites in the
morning orbit - Dual represents the number of months in the
two-satellite system during which Prime Mission Data would be
avallable from satellites in both the morning and the after-
noon orbits; since the one-satellite system has no satellites
in the morning orbit, these last two entries in Column 7 are
not applicable (N/A):;

Column 8 - Index of Program Performance - entries were calcu-
lated from the formula:

IPP = 180 - (A x Loss) - (B x Degraded) + (C x Dual), where
A = 2,5, B = 1.25, and C = 1.25 - see Volume 2, Chapter
III, for further discussion of this calculation;

golumpn 9 = Egggagili;x - entries were d~rived from the types
of calculations discussed in Appendix C;

column 10 - Total Prodram Cost - entries were taken from the
cost calculations reported in Appendix B - note that the cost
is reported in terms of "C" million dollars, where "C" repre-
sents the cost to fabricate, test, and launch a single satel-
lite, whether the launch was successful or not;

Column 11 - Months of Missjion Data -~ entries were calculated
from the formula:

MMD = 180 - (D x Loss) - (E x Degraded) + (F x Dual), where

D = 1,0, E = 0.5, and F = 0.5 - see Volume 2, Chapter
III, for further discu581on of these calculations;

column 12 - ;gdez of Sexrvice Efficiency - entries were deter-
mined by first multiplying the Index of Program Performance
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of each scenario by its probability, and then normalizing the
individual results by dividing each scenario's value by the
highest <figure so determined (22.875) so that all calculated
ISEs range from 0 to 1.000;

Column 3 = Index of Cos £ ency - entries for each scen-
ario were determined through a sequence of calculations as
discussed in Volume 2, Chapter II - first, the Total Program
Cost was divided by the Months of Mission Data to determine
the monthly cost to acquire data successfully - next, to
present these figures so that scenarios with the lowest
monthly cost would have the highest relative index value, the
monthly cost figure was subtracted from 1.000 - next, to
weight the calculated values so that scenarios with the
lowest total costs would have the highest relative index, the
cost of the most expensive scenario ($28.08 C million) was
divided by the total cost for the scenario being evaluated
and this result multiplied by the value determined in the
previous calculation - finally, all index values SO
determined were normalized by dividing all individual values
by the highest calculated value, resulting in ISE values that
range from 0 to 1.000.
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One-Satellite Configuration

Phase A
Case |

RS N Y B 3 [ ) € T 3§ [] 10 i [} [}
Scensrlo | Design Satetiltes Launch Schedule Lounch Presature Prime Misslon index of Prob- Total index of index of wOIES
Lite tin monthy) Fallures Faltures Dats (months) Progrem sbllity | Program Cor§ Montha of Service Coss
(eonths __Jin-orble Pertormancy (§Cwy Misslon Date | Etticlepcy E1tl1chency
Tounch T OrbTt [ FTuad f Halaunch | Randod Con ‘eq Tost JDegraded Dual

] 3 1 (K] 18 N/A N/A 180 0.00) 15.93 180 0.02% 0.793)
2 24 " 11 8 \ [ N/A N/A 163 0.010 15,95 (11 0.0124 0,196
3 24 - 1] 18 2 ’2 N/A N/A 130 a.013 15. 95 168 0.0904 0.7881
[ 2 1] 10 18 ' 12 N/A N/A 130 0.013 13,93 168 0.0052 Q.80
3 24 1l 0 18 \ ) 18 N/A N/A 133 0.0 13.9% 162 0,202 0.7047
'y 24 1] 10 1] \ 2 24 N/A M/A 120 0.034 13,93 156 0,283) 0.780)
7 24 1] 9 18 2 24 N/A N/A 120 0.02% 13,93 136 Q,1311% 0,2813
[ 24 1] 9 18 2 \ 30 N/A N/A W03 0.069 13.93 130 0.3007 0.2219
9 4 L 9 18 2 2 36 N/A N/A L] 0,004 13,93 (LX) 0,333 0.0
10 2 1 8 18 3 3% /A N/A 90 0,029 15,95 14 0,184 0,710

[ 1]} 24 " [} 18 3 ] 42 N/A N/A 3 0.022 15.93 138 0.2X%1 0.7698
1?2 24 " [] 8 3 2 34 N/A N/A 43 0,017 15,95 126 0.151% 0. 2602
[}) ) " 8 '8 ' 2 42 N/A N/A 1 2Y .04 15,93 158 0,049 0.2649
1" 2 1 [] g | 2 1 48 N/A N/A 60 .033 15,93 132 0.0918 0,633

F-AI; 2 n [} 19 1 2 2 60 N/A N/A 30 .0% 15,93 20 0.0496 | 0.)38)

S

I

I {




Phase B
Case |

One-Satellite Configuration

T 7 Y 4 ) € T [ [] ] L1 LY} [}
Scenario | Deslgn Sateliltes Launch Schedule Lauach Preaature friee Misslon Index of Prob- lotal Ingen of laden of NOTES
Lite (In moAths) Fallures Faliures Oeta (months) Progrea ablilty | Progree Cos{ Montns of Service Cost
tmonths m-orblt Perlorasnce (5 C» Mission Deta [ Etticloncy Edticlency
Taunch T OrbV1 [ Flxed [ Relaunch | Randod Conseq Lost | Degraded Due
to 24 X L 18 9 N/A N/A 180 0.00) ~15,99 180 0.023% 0.5%50%
[} 24 2 10 18 9 2 2 1] N/A N/A 133 0.073 12_18 162 0, 4426 0.4607
18 24 12 9 1d 9 ) 2 22 N/A N/A 12 0.078 17,18 133 0.383% 0,451
1) 24 1] " 18 4 N/A N/A 180 0.003 15,95 180 0.023% 0.309
20 24 12 10 18 4 2 2 12 N/A N/A 150 0,084 1.8 168 0, 3308 0.462]
24 24 () 10 18 4 3 2 13 N/A N/A 140 0.023 18, 44 164 0.4%99 0.4269
S
22 28 9 9 22 N/A MN/A 160 0.009 12.96 180 0.0708 0.6340
23 28 9 7 22 2 1 a4 N/A N/A 10 0,.09) 12,96 136 0,20848 0.618)
24 28 9 6 22 3 2 68 N/A N/A [+ 0.060 12.96 114 0,039} 0,803
23 28 9 9 22 9 N/A N/A 160 0.009 12,90 160 0.0708 0.6340
26 28 10 8 22 9 2 2 18 N/A N/A 33 0.091 14,18 162 0.3370 0,56%3
i 28 10 ’ 22 9 3 2 217 N/A K/A 113 0.022 14,18 153 0. 3804 0,366%
28 28 9 9 22 4 744 N/A 180 0.009 12,96 180 0.0208 0.6340
29 20 10 8 22 4 2 2 12 N/A N/A 130 0.084 14,18 168 0. 5508 0.%0
-
0 28 13 8 22 . 3 2 16 N/A N/A 140 0.0} 15_40 164 Q.408) 0.524




Ph
Ca

ase €
se |

One-Satellite Configuration

] 1 5 4 3 6 1 [] 9 1] n 12 [}
Scenarlo | Deslgn Sateltilltas Launch Scheguls Launch Premature Prise Mivsion indes of Prob- Totel indea of ingea oOf wOIES
Lite (1n monthg) Fallures Fallures Detas (months) Progrem ablilty [ Progrem Cos § Moatas of Service 13
(mOnths In-orbit : Perlormancd t1Cw) Misston Deva | Etticlancy EV0lchoncy
Teunch [ Orblt [ FTaed | Retaunch [ Randod Conseq Tost [ Uegreded Duas
L 28 10 10 20 N/A N/A 180 0.00% 14,40 180 0.039) 0.%63?2
32 28 1) 9 20 9 2 2 10 N/A N/A 133 0,084 13,61 120 0. 5692 0,3131
33 28 " 8 20 9 3 2 19 N/A N/A 132 0.07? 13.6) 164 0,4443 0.3122
34 28 10 10 20 . N/A N/A 180 0,003 14, 40 180 0,039) 0.33513
33 28 14 9 20 4 2 2 L] N/A N/A 160 0,084 15,64 122 0,583 0,318
30 28 12 9 20 4 3 2 12 N/A N/A 150 0.028 16,82 168 0.311) 0.4}




Phase D
Case 1

One-Satellite Configuration

] 2 3 4 H [ ? [ ] ] 0 1] 12 [}
Scenario | Deslgn Sefeliites Launch Schedule Lauach Proasture Prime Mlssioca ladex of Frob— Total Index of ] ladex ot MNOTES
Lite (Ia soaths) Fallures Fallures Dats (months) Prograa sbility | Prograas (:oow Months of Service Cost
(months) I In-orblt Portormace (scw Misslon Deta | E¢ticlency Etticlenc
Ord1t | Fixed | Relauach | Reados C Lost | Degraded Dua
3 28 0 10 20 WA N/A 180 0.003 14,40 180 90,0393 09,3437
38 28 1) 9 20 9 2 2 10 N/A N/A 130 0,084 13,61 168 00,3308 9,311
39 28 1) [ ] 20 ’ 9 3 2 19 N/A N/A 130 0.072 13.61 (] 0.4313 0,3008
40 28 10 10 20 N/A N/A 180 0.003 .40 180 0,033 9,363
41 28 12 10 20 4 2 2 W/A N/A 180 0.073 16,82 180 _0,9%02 0.47%6
42 28 12 9 20 4 3 2 N/A N/A 180 0.078 16.82 180 0.6138 0,479




Phase
Case )

One-Satellite Configuration

Y b3 N D D A € ¥ ' v 0 BLLI } L}
Scenaclo | Osslign Setatiltes Launch Schedule Launch Presature Prime Misslon index of Pradb- Totat inden ot {adex of wOTES
Lite ~ (ln sonths) fallures Fallures Data (monins) Progras eblilty | Program Cosq Hontng of Service Cost
(soatny e Iaordlt Pertormance 1Cwy Misston Dats J Eiticliency EVticTancy
Tounch J O DVE T FTaed | Ralaunch ndod Conseq HT‘I Degrade N
| 32 b 9 22 4 N/A N/A 180 0.009 12, 96 180 0.0708 0.63%9
4" 32 o 9 22 4 2 2 N/A N/A 180 0.084 13,40 180 0,6610 0,3244
o 33 { '} 8 | 22 - 4- 3. 2 N/A N/A 100 0.077 15,40 180 0.60% 0.3244
44 Cycte 1 [ 6 L in Cycle 20 N/A N/A 130 0,006 e.69 160 0,0340 0.9633
4 Cycte ] [ 4 2 in Cycle 28 N/A H/A 110 0.060 13,43 152 0.2883 0,150
__ 8 Cycie 11 @ 5 4 3 in Cycle 9 N/A N/A 0l 0.05% 1. 45 (21 0.250) 0.114)
3] Cycle 2 [ 6 4 in Cycle 4 N/A N/A (3] 0,006 8.4) 336 0.0448 1.0000
%0 Cycie 2 [} [ ) 2 in Cycle 12 N/A N/A 150 0.060 1n.»n 1Y) 0,393 0.4
5 Cycte 2 9 [ 4 3 In Cycle 16 N/A N/A 140 0,000 12.97 164 0,322 0.6286
52 Cycie ) ] 6 I 4 in Cy tn Cycle 20 N/A N/A 130 '0.010 10, 17 160 0.3970 0.83)
53 Cycle & 7 6 4 Ia Cy Ia Cycle 8 N/A N/A 130 0.070 9.8? 12 0.4%0 0,845
Cycie | 29-41-37-15 wontns on-ordlt ilte wlth no eariy lndicetlons ot on-ordit fellure - relaunch 4 months aller a tallure
Cycle 2 29-41-37-13 wonths on-orbl1 lite with sariy Indications of on-orblt tellure 10r o1l Dut 13 month safeliltes - relsunch 4 months aller & tallure
Cycie 3 29-41-0-)1-1% monThs On-0rbil with no eariy lnalcations ol on-0rblt tallure - refsunch 4 months alter o talture
Cycie 4 29-41-0-31-13 sonths 0n—ord!T «ltn sarly Indlcatlons of on-orblf tallure tor sl but

15 wonth satallites - releunch 4 mantny alter o taliure




Phase A

Case 11
Two-Satellite Configuration
1 ] BN 0 5 [§ 7 ] 1 ) 11 LT { 13
Sconarto | Dusign | Setetittes | teunca Schequie Launch Pramsturs Prise Misslon | tndec of | Pros- Total J lndes of | tadea of noIgS
Lile (\n =onths) Faliures Fallures Oata (months) Program sbitisy | Prograa Cos #onths of Service Coss
(sonths ' N la-ordle Pertormency (3 C »y) Misslon Deta | Etilcliency E0tlclency
sunch | OrbTT ] Flaed | HaTaunch ndod Conseq Lost [ Degraded Tua
1 24 16 16 12 168 390 0.0002 23. 20 264 0.0034 0,341
2 24 18 16 12 [ 136 3 0.00% 25.20 258 0.0164 0.34%
3 24 16 16 12 2 144 360 0.002 23. 20 252 0.0315. 0.346%
a 24 16 13 32 3 12 132 330 0.003 23. 20 240 0,043) 0.3447
s 24 16 [} 32 1 24 144 330 0.001 25. 20 240 0,0044 0,382
6 24 Vo 15 12 ] | 12 12 14 313 0.006 2.2 4 0.0026 0,343
7 24 16 3 12 ' 2 12 24 132 283 0,013 23. 2 22 0.1620 0,3418
s 24 16 13 12 ' 3 12 2 120 a0 0.012 2.2 216 0,200 0,3400
® 24 6 14 12 2 3 120 283 0.004 2.2 22 0.0498 0.3418
10 24 e 14 12 2 [ 12 36 120 253 0.012 23. 20 20 0,109 0.3416
" 24 16 1] 12 2 2 12 3% 108 240 0,033 2.2 204 0.3462 0,3302
12 24 18 1] 32 2 3 72 3% 108 240 0.041 23.20 204 9.4302 Q3382
% 24 1y 13 12 3 48 96 240 0,001 23.2 204 0.0234 0,332
' 24 16 13 12 3 ) 12 36 96 223 0.028 2. 20 198 0,2734 0.33%9
15 24 16 13 "2 3 2 12 3 84 210 0.052 23. 20 192 0,474 0.333%
" 24 16 3 12 3 3 12 3 12 193 0.058 3.2 198 0.4944 0.3%9
) 24 16 12 12 . a8 1”2 210 0.009 2.2 192 0,0826 0,335
'8 24 16 12 12 4 [} 12 36 172 193 0.03) 2.0 136 0.280) 0.3340
9 24 16 12 12 4 2 "2 36 60 180 0.0%6 23,20 190 0.4401 0.3322
20 2 16 12 "2 4 3 24 3% 60 13 0.03) 23. 0 168 0.4%1 0.3239
n 24 16 17 12 2 2 12 12 [1] 240 0.002 2.2 204 0.0210 0,3382
12 24 6 12 v 2 2 ) 24 84 223 0.008 2.2 198 0.0787 0,3%9
23 24 16 12 '2 2 2 2 24 12 210 0,015 23,20 192 0,131 0.3)3%
24 24 16 12 12 2 ? 3 36 12 180 0.020 23. 2 130 Q. 19N 0,3322.




Phase B
Case 11

Two-Satellite Configuration

) . 2 3 4 ) [ 7 [ ] 9 10 u 12 3
Scenario | Deaiga Sateitites Launch Schedule Launch Presature Prime Missloa tadex of frob- Total index ot | Ingex of NOTES
Life (Va months) Faljures Fallures Outa (months) frograa asblitty | Program Cosq Months of Secvice Coat
(months Ia-orblt Pertormance (sC N Nisslon Data | Etticiencyf Efticiency
Launch | Orbit § Fixed | Relaunch | Ra | Conseq Lost | Degraded Dua :
23 24 16 16 12 168 390 0,0002 23,20 264 0,0003 0,3631
26 24 16 13 12 3 3 24 12 84 20 0,058 23,20 192 0,333 0,3300
27 . 24 16 12 12 4 3 24 12 60 160 0.033 23. 20 100 0,4121 0, 3468
28 24 6 16 12 [ 168 390 0.0002 23,0 _264 0,0003 Q,3631
29 24 n 14 12 [] 3 3 12 12 102 2603 0.033 24,42 213 O,G;Ui 0,3231
30 24 18 [{] 12 [ 4 3 12 12 84 240 0.053 23.64 204 0,37% . 90,3000
3 24 16 18 12 4 168 390 0.0002 2. 20 264 0,0003 0,3631
32 24 i8 i3 12 4 3 3 [ ] 12 108 280 0.047 23,64 220 0,35713) 0,304
33 24 18 14 12 4 4 3 [ ] 12 92 260 0.053 23,64 21 0,6231 0,304
M 28 12 12 16 20 124 310 0.002 7.8 232 __6.0271 0,7938
33 28 12 9 16 3 3 24 36 28 130 0,033 1.2 152 0,312 | 0,7602
36 28 12 8 16 4 ) 40 24 83 8,032 17.28 2 0,")“!__ | _0,7333
31 28 12 12 16 [ 20 124 310 0.002 17,28 232 0,0271 0.7938
38 25 1) n 16 [ b 3 12 28 62 193 0,06} 19. 4 183 0,3834 0.3499
39 28 14 10 16 6 4 3 12 12 48 193 0,043 19. 74 186 0.30% 0,3501
40 28 12 12 16 4 20 124 30 0,002 1.8 232 0,0221 0,7938
41 28 14 1 16 4 3 3 8 28 68 20 0.063 19,74 192 0.3704 0,3384
42 28 4 10 16 4 4 3 [] 12 32 210 0,043 19,74 192 0,411 0,3314
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Phase C
Case 11

Two-Satellite Configuration

] 2 3 4 ] [ ? [ ] [ ] " 12 [}
Scenario | Oeeliga Sateliites Lounch Schedule Lauach fPreasturs Prime Misslion Indox of Prob- Total J index of ] ladex of NOTES
Life (1a soaths) Fallures Falluwree Data (months) Progrea ablifty | Prograam Cosf] Moaths of Service Cost
(moaths ) ta-orbit Portorsence (s§Cw Mission Dete !"Icl.-c* Eﬂlclm*
[ ch | Ordit | Fixed | Relauach Conseq lost { Degraded Dua ‘
43 28 [} 13 14 168 388 0,008 18.46 263 90,0170 0,3604
44 208 13 12 14 6 3 3 8 16 92 235 0.062 20,92 210 0.6911 [ 7% 11]
45 20 [}) 1) [L] [] 4 3 8 2 12 248 0,033 20,92 201 0,3%46 9,300
46 20 13 13 14 166 308 0.001 18, 46 2063 0,01%0 0,4460
47 28 16 13 14 4 3 3 4 4 98 273 0.038 22.13 218 0.6973 0,331
48 28 16 12 4 4 4 3 4 8 90 260 0.033 22,13 212 0.6000 0,3379
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Phase O
Case 11

Two-Satellite Configuration

1 2 3 4 3 [ 7 [} 9 ) 1} 12 13
Scenaria | Desiga Sateliltes Lauach Schedule Launch Fremsture Prime Misslon index of Prob- Total Iindex of | Index of NOTES
Lite (ia months) Faliures Fallures Data (months) Prograa ablitty | Frogrem Cos§ Moaths of Service Cost
{months ) ta-orblt Periormance (sCc M Risston Dats § Efticlency EOHclooc*
Launch | Orbit § Fixed | Relsuach | Ra Conseq lost { Degraded Dualf
49 24 16 16 12 160 390 09,0002 23, 20 _:4 0,0030 0,34810
50 24 1 12 4 3 3 8 144 330 0,058 28.08 244 0, 7994 0.279%0
N 24 16 12 4 4 3 [ ] 140 343 0,037 28,08 242 0,7902 0,278) -
52 28 3 3] L] 166 380 0.001 18, 46 203 0,0149 0,4433
53 28 1) 14 14 6 3 3 [] 2 132 322 0.038 24.42 3 0,710 0,332
H 20 [} 13 14 [ 4 3 8 2 126 313 0.037 24,42 234 0,6409 0,3247
33 28 13 13 14 166 388 0.001 18, 46 263 0,049 0.4433
36 28 17 14 4 4 3 3 4 2 134 333 0.0%8 24,42 242 0,7460 0,3260
| 37 28 18 14 14 4 4 3 4 [ 126 320 0.037 23,64 236 0,7003 0.3078
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Phase E
Case 11

Two-Satellite Configuration

1 2 3 4 3 [ 7 [ ] 9 0 " 12 13
Scenarlio | Desliga Sateliltes Launch Schedule Launch Proemature Prise Mission Index ot Prob- Total . lndex ot | lndex of NOTES
Life (In soaths) Fallures Fallures Dats (months) Prograas abliity | Frogrem Cosq Moaths of Sarvice Cost
(months ) In-orblt Pertormencd (sC W Mission Dets E"Icluc+ Etticiency
Launch | Orbit | Fixed | Relauach | Readod Conseq Lost 8 Dua i
32 12 12 16 4 164 3835 0.002 17.28 262 90,0337 0.4706
32 16 13 16 4 3 3 4 2 140 342 0.063 22,20 243 0,9419 0,3627
32 17 13 16 4 ‘4 3 4 2 136 ™ 0.053 23.43 243 Q,7808 0,3413
61 Cycle 1 1] 1) 4 in Cycle 2 14 133 323 0.003 13.73 238 0.0424 0.5250
62 Cycle 1 13 10 4 3 In Cycle 4 13 123 305 0.073 17.94 230 1.0000 0.4330
63 Cycle ) 14 10 4 4 In Cycle 4 16 120 300 0.033 19.63 22 0,724 0,4122
64 Cycle 2 12 12 4 In Cycle 136 3713 0.002 17.23 238 0.0328 0,4796
65 Cycie 2 14 1) 4 3 In Cycle 4 148 360 0.063 19.35 252 0.9913 0,4224
86 Cycle 2 15 1 4 4 In Cycle 4 142 353 0.053 21,00 249 0.8487 0.3861
67 Cycie 3 13 10 4 In Cyd In Cycle 2 20 121 301 0.073 18.58 231 0, 9869 0,43082
68 Cycle 4 14 11 4 in Cy In Cycle 8 146 313 0.061 20.00 249 0.9947 0.4071
Cycle 1 29-41-37-13 months on-orbit Iife with no early Indicatlons of on-orblt tallure - relaunch 4 sonths after s fallure
Cycle 2 29-41-37-15 wonths on-orblt llfe with eerly Indications of on-orblt fatiure for all but 15 month sateliltes - relsunch 4 moaths sfter a tallure
Cycle 3 29-41-0-37-15 months on-orbit Ilte with no early Indications of om-orbit fallure ~ relusnch 4 months sfter o faliure .
Cycle 4 29-41-0-37-15 months on—orbit life with early indications for all but 15 month sateilltes ~ relaunch 4 moaths affer & fallure
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ELV
GAP
NESDIS

NOAA
NWS
POES
STS
TIROS

Q CR

Expendable Launch Vehicle

General Availability Program

National Environmental Satellite, Data, and
Information Service

National Oceanic and Atmospheric Administration

National Weather Service

Polar-orbiting Operational Environmental Satellite

Space Transportation System

Television and Infrared Observation Satelllte



