Reply to Attn of:

National Aeronautics and

Space Administration

Lyndon B. Johnson Space Center
2101 NASA Road 1

Houston, Texas 77058-3696

January 14, 2003

DAB8-03-007
TO: Distribution
FROM: DAB8/Chief, Flight Director Office

SUBJECT: STS-107 Hight Rules Annex, Final, PCN-1, Pen and Ink #1, dated January 14, 2003

FLIGHT RULE ACTION
IMMEDIATE ATTENTION

The enclosed flight rules changes were approved and should be inserted into the Space Shuttle Operational Flight Rules,
STS-107 Hight Specific Annex Document (JSC-18308), Final, PCN-1, dated December 19, 2002.

RULE NO CRNO TITLE

107_1A-12 5895A Déeetion of SIMPLEX
107_1A-13 5895A Déeetion of SIMPLEX
107_1A-14 5895A Déeetion of SIMPLEX
107_2A-2 5895A Déeletion of SIMPLEX
107_2A-15 5898 TAL Rainshower Exceptions
107_2A-22 5895A Déeetion of SIMPLEX
107_2A-23 5895A Déeetion of SIMPLEX
107_2A-61 5895A Déeetion of SIMPLEX
107_2A-63 5895A Déeetion of SIMPLEX
107_2A-64 5895A Déeetion of SIMPLEX
107_4A-11 5895A Déeetion of SIMPLEX

These flight rules changes, with this cover letter, should be retained in the above document until specifically replaced by a
subsequent formal PCN.

Questions should be addressed to NASA JSC, DAS/B. A. Levy, at 281-433-8586.

. on Heflin \
Chuf, Flight Director Office

Enclosure
DAS8/NEDunn:ned:01/14/03:33628
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FLIGHT RULE ACTION
IMMEDIATE ATTENTION

The enclosed flight rules changes were approved and should be inserted into the Space Shuttle Operational Flight
Rules, STS-107 Flight Specific Annex Document (JSC-18308), Final, PCN-1, dated December 19, 2002.
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SPACE SHUTTLE OPERATI ONAL FLI GHT RULES ANNEX
STS-107
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JANUARY 14, 2003

THI S DOCUMENT | NCORPORATES CHANGES TO THE FOLLOW NG RULES (S| NCE THE
FINAL, PCN-1, DATED DECEMBER 19, 2002) BY THE APPLI CABLE DI SCREPANCY
NOTI CES (DN S) AND CHANGE REQUESTS (CR S).
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-12 M SSI ON MANAGEMENT TEAM ( MMT)  ( CONTI NUED)

Every attempt will be made preflight to predict potential anomaly and contingency situations and
establish the best course of action. However, for those contingencies not covered in the preflight
documentation, a structure exists to provide customer inputs and decisions to the mission management
and the Flight Control Teams (FCT's). This structure is the Mission Management Team (MMT).

The MMT at JSC consists of NASA mission management and payload management representatives. The
NASA mission management includes the Manager, Space Shuttle Program, or his designated
representative, the Director of Mission Operations, the Cargo Management Team, and other appropriate
NASA management. The Cargo Management Team is physically located at JSC and is chaired by the
Soace Shuttle Flight Manager (Space Shuttle Program Integration Office). The payload management
representative includes the Payload Mission Manager(s), or his designated representative. ®pN13 ]

The purpose of the MMT is to provide management direction and decisions when mission events fall
outside the scope of predefined real-time operations roles and responsibilities. If mission circumstances
require an unanticipated change in the major mission objective or operations policy, the operations team
will recommend a cour se of action and identify options to the MMT. The MMT evaluates the operations
team’' s recommendation and provides direction to implement the agreed course of action.

B. THE M SSI ON MANAGEMENT TEAM | S RESPONS| BLE FOR PROVI DI NG NEAR
REAL- TI ME PCLI CY AND OVERALL M SSI ON DI RECTI ON WHENEVER
OPERATI ONS QUTSI DE THE SHUTTLE/ PAYLOAD M SSI ON RULES OR
OPERATI NG BASE ARE REQUI RED.

C. THE MANAGER, SPACE SHUTTLE PROGRAM (OR HI S DESI GNATED
REPRESENTATI VE), AS CHAI RVAN OF THE M SSI ON MANAGEMENT TEAM
'S THE FI NAL AUTHORI TY FOR COWM TTI NG THE SPACE SHUTTLE
SYSTEM TO ACCOWMPLI SH UNPLANNED TASKS FOR VWH CH SPACE SHUTTLE
SAFETY AND/ OR OPERATI ONAL RI SK ARE GREATER THAN PLANNED
PREM SSI ON.

D. THE FLI GAT MANAGER (OR HI S DESI GNATED REPRESENTATI VE) CHAI RS
THE CMI.  THE FLI GAT MANAGER PROVI DES THE CMI' LAUNCH GO TO
THE MMI' UPON STATUSI NG THE PAYLOAD/ EXPERI MENT ORGANI ZATI ONS
FOR READI NESS. THE FLI GHT MANAGER, AS CMI CHAI R, OVERSEES
THE FLI GAT MANI FEST OPERATI ONS FROM THE CUSTOVER SUPPORT ROOM
(CSR), RESOLVI NG PRI CRITY | SSUES, AND COORDI NATI NG AND/ OCR

OVERSEEI NG THE RESOLUTI ON OF ANY OTHER FLI GHT MANI FEST | SSUE.
®DN13 ]

TH'S RULE CONTI NUED ON NEXT PAGE

STS-107 06/20/02 FINAL GENERAL, AUTHORITY, 1-5
AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-12 M SSI ON MANAGEMENT TEAM ( MMT)  ( CONTI NUED)

E. THE PAYLOAD M SSI ON MANAGER (OR HI' S DESI GNATED
REPRESENTATI VE), AS A MEMBER OF THE CARGO MANAGEMENT TEAM
IS THE FI NAL AUTHORI TY WTHI N H' S PAYLOAD COVPLEMENT ON
PAYLOAD M SSI ON OBJECTI VES OR POLI CY CHANGES AND FOR
COW TTI NG THE PAYLOAD TO ACCOWPLI SH TASKS FOR WHI CH THE
OPERATI ONAL RI SK |'S GREATER THAN PLANNED PREM SSI ON.  epNn13 ]

The Payload Mission Manager (or his representative) is a member of the CMT and makes the final
decision regarding payload objectives within his payload complement to the Flight Manager. The
Payload Mission Manager for Spacehab is the Spacehab Program Manager and the Payload Mission
Manager for FREESTAR is the FREESTAR Mission Manager. Reference Rule {107_1A-14}, PAYLOAD
OPERATIONSMANAGEMENT AUTHORITY, for additional information. Payload Mission Manager
for RAMBO isDOD REP. @®DN13 ] ®[CR5895A ]

107_1A-13 FLI GHT CONTROL TEAM ( ECT)

A, THE FCT IS RESPONSI BLE FOR EXECUTI NG THE FLI GHT WTH N THE
GUI DELI NES AND AUTHORI TY ESTABLI SHED W THI N THE SPACE SHUTTLE
OPERATI ONAL FLI GHT RULES.

B. THE FLI GHT DI RECTOR AND VARI QUS PAYLOAD OPERATI ONS DI RECTORS
ARE THE PRI MARY PO NTS OF CONTACT FOR OPERATI ONS COORDI NATI ON
ALTHOUGH THE PRI MARY PAYLOAD OPERATI ONS CONTROL CENTER ( POCC)
| NTERFACE TO THE M SSI ON CONTRCOL CENTER ( MCC) FCT 1S
NOM NALLY THROUGH THE MCC PAYLOAD OFFI CER

C. (FLI GHT SPECI FI Q)

ORGANIZATION

LOCATION

CALL SIGN

TITLE

SPACE SHUTTLE

HOUSTON MCC

HOUSTON FLIGHT

NASA FLIGHT DIRECTOR

SPACE SHUTTLE

HOUSTON MCC

PAYLOADS

NASA PAYLOAD OFFICER

SPACEHAB

JSC POCC

SHOD

SPACEHAB OPS DIRECTOR

FREESTAR

GSFC POCC

HH OPS

HITCHHIKER OPERATIONS DIRECTOR

RAMBO

DOD POCC (JSC)

DOD REP

DOD REPRESENTATIVE

®[DN 89

1 ®[CR 5534

] ®[CR5895A |

STS-107

01/14/03

FINAL, PCN-1, P&l #1

GENERAL, AUTHORITY, 1-6

AND DEFINITIONS

Verify that this is the correct version before use.




NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-14 PAYLOAD OPERATI ONS/ MANAGEMENT AUTHORI TY

A.  SPACEHAB
1. SPACEHAB PROGRAM MANAGER ( SHPM) AUTHORI TY

a. PRELAUNCH THE SHPM OR H S DESI GNATED REPRESENTATI VE
MAY REQUEST LAUNCH HOLDS VIA MCC-H FOR GROUND SUPPORT
FACI LI TI ES ANOVALI ES THAT VI OLATE LAUNCH COMWM T
CRI TERI A. @®DN14 ]

b. POST LAUNCH THE SHPM OR HI S DESI GNATED REPRESENTATI VE
| S THE FI NAL AUTHORI TY FOR SPACEHAB MCODULE SYSTEMS-
RELATED DECI SIONS. THE SHPM AFTER ANALYSI S OF THE
SPACEHAB SYSTEMS CONDI TI ON, MAY CHOOSE TO TAKE ANY
NECESSARY SYSTEMS ACTI ON REQUI RED TO PRESERVE SYSTEMS
CAPABI LI TY.

2. SPACEHAB OPERATI ONS DI RECTOR ( SHOD) AUTHORI TY

THE SHOD IS RESPONSI BLE FOR DI RECTI NG THE TECHNI CAL
SPACEHAB FCT MEMBERS AND HAS THE PRI MARY AUTHORI TY TO
MAKE REAL- TI ME OPERATI ONS DECI SI ONS FOR THE SPACEHAB
MODULE SYSTEMS.

THE SHOD | S THE PRI MARY PO NT OF CONTACT TO THE PAYLOAD
OFFI CER AND COORDI NATES SPACEHAB SYSTEMS, RESPONSES TO
SPACEHAB RELATED ANQVALI ES, RESPONSES TO SPACE SHUTTLE
PROGRAM ( SSP) FCT | NQUI RES, CHANGES TO EXPERI MENT
OPERATI ONS, AND REQUESTS FOR ORBI TER | NFORVATI ON AND
SERVI CES. epDN14 ]

THI'S RULE CONTI NUED ON NEXT PAGE

STS-107 01/14/03 FINAL, PCN-1, P&l #1 GENERAL, AUTHORITY, 1-7
AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-14 PAYLOAD OPERATI ONS/ MANAGEMENT AUTHORI TY ( CONTI NUED)

B. FREESTAR

1. THE H TCHHI KER OPERATI ONS DI RECTOR ( HH OPS), LOCATED AT
THE GSFC POCC, ACTS AS THE PRI NCI PAL OPERATI ONS | NTERFACE
TO THE MCC PL OFFI CER.  THE HH OPS DI RECTOR REPRESENTS
THE FREESTAR PAYLQOAD.

2. THE FREESTAR M SSI ON MANAGER, LOCATED AT THE GSFC POCC,
'S THE FI NAL AUTHORI TY FOR FREESTAR- RELATED DECI SI ONS.

3. THE H TCHH KER REPRESENTATI VE ( HH REP), LOCATED AT THE
JSC CSR, IS THE FI NAL AUTHORI TY FOR FREESTAR RELATED
DECI SIONS | F THE FREESTAR M SSI ON MANAGER | S UNABLE TO BE
REACHED.

C RAMBO @[CR5534 ] ®[CR5895A ]

THE DEPARTMENT OF DEFENSE REPRESENTATI VE ( DOD REP),
LOCATED AT THE JSC DOD POCC, IS THE FI NAL AUTHORI TY FOR
RAMBO- RELATED DECI SI ONS. @DN14 ] ®CR5534 ] ®CR5895A ]

STS-107 01/14/03 FINAL, PCN-1, P&l #1 GENERAL, AUTHORITY, 1-8
AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 2 - FLI GHT OPERATI ONS

PRELAUNCH
107_2A-1 LAUNCH W NDOW. . . . oo oeeeee e e e c2-1
TABLE 107 _2A-1-1 - COVPOSI TE LAUNCH W NDOW GRAPH . . . .. ... 2-3
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STS-107 01/14/03 FINAL, PCN-1, P&I #1 FLIGHT OPERATIONS 2-i

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

GENERAL
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STS-107 01/14/03 FINAL, PCN-1, P&l #1 FLIGHT OPERATIONS 2-ii
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-2 LAUNCH COW T CRI TERI A ( CONTI NUED)

4., PAYLOAD DATA | NTERLEAVER W TH EI THER THE PRI MARY OR
BACKUP DECOM LOCKED. @pDN74 ]

The Payload Data Interleaver (PDI) provides the only source of telemetry to the orbiter General Purpose
Computer (GPC) or downlink for operation of the Spacehab system. With either the primary DECOM
(DECOM 1) or backup DECOM (DECOM2) locked, the crew will be able to monitor safety critical
parameter s through the Backup Flight System (BFS). The ground has the capability to determine the
state of the safety critical parameters through other means in the event of a failure of the primary
DECOM.

DOCUMENTATION: LCC RDM-04, STS-107 MEL.
5. ORBI TER BUS REQUI REMENTS:
a. PR PL
b. PL AFT M\B

The primary payload bus and PL Aft Main Bus B (MNB), and PL cabin buses provide power to Spacehab
equipment and experiments. The PL AC2 and AC3 buses are not active prelaunch, but the orbiter AC
buses providing power to these PL AC buses are covered by the Generic Orbiter LCC. PL CAB 2 and
PL CAB 3 arerequired by Spacehab, but the only insight into PL CAB 2 and PL CAB 3 isthe switch
position.

DOCUMENTATION: LCC EDPC-03, EDPC-04, RDM-05, RDM-06, STS-107 MEL.
6. TWO OF TWDO FLOW PROPORTI ONI NG MODULE ( FPM

Two Flow Proportioning Valves (FPV's) in Payload Heat Exchanger (PLHX) are required during
Spacehab operations.

DOCUMENTATION: LCC ECL-40, STS-107 MEL.

B. COMWAND AND TELEMETRY PROCESSI NG CAPABI LI TY MJUST BE
OPERATI ONAL OR HAVE AN ESTI MATED TI ME TO RETURN TO OPERATI ONS
BY SPACEHAB ACTI VATI ON TO ENABLE GROUND COVIVANDI NG AND
MONI TORI NG OF CRI TI CAL SUBSYSTEMS DURI NG ON- ORBI T OPERATI ONS.

Ground commanding is required to configure Spacehab systems and to control experiment operations.
The ability to throughput and process downlink data is required to monitor critical Spacehab systems
and to collect experiment data.

C. FREESTAR AND RAMBO HAVE NO LAUNCH COM T CRITERI A.  @pDN74 ]
®[CR5895A |

STS-107 01/14/03 FINAL, PCN-1, P&l #1 FLIGHT OPERATIONS 2-7
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-3 LAUNCH TURNAROUND

A

FOR A LAUNCH DELAY OF 24 HOURS FROM THE I NI TI AL LAUNCH
ATTEMPT, THE M DDECK MJUST BE ACCESSED TO REPLACE SPACEHAB
M DDECK EXPERI MENTS. @pDN18 ]

FOR A LAUNCH DELAY OF 48 HOURS FROM THE I NI TI AL ATTEMPT
(1. E., TWO CONSECUTI VE LAUNCH ATTEMPTS SCRUBBED), THE

M DDECK AND SPACEHAB MCDULE MJUST BE ACCESSED TO REMOVE,
REFURBI SH, AND REPLACE EXPERI MENTS.

Some middeck payloads can only sustain the initial planned launch attempt. For a 1 day delay after the
payl oads have been installed, they must be replaced to support a second launch attempt. If launchis
delayed by 48 hours or more (two consecutive launch attempts scrubbed), there are middeck payl oads
which must be removed, refurbished, and reinstalled prior to a subsequent launch attempt. I1n addition,
there are also payloads in the Spacehab module that must be removed, refurbished, and reinstalled.
Reference the Spacehab CIP (NSTS 21426) for specific payl oads which require refurbishment or
replacement following two consecutive launch attempts.

C.

FREESTAR HAS NO LAUNCH SCRUB TURNAROUND REQUI REMENTS.
®DN18 ]

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-8

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A- 14 LOSS OF ET LOX LI QUI D LEVEL CONTROL SENSORS
( CONTI NUED)

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using a 100 percent sensor which subsequently fails will remain valid after a switch to the second 100
percent ET LOX liquid level control sensor. Therefore, switching liquid level control from one 100
percent sensor to the second 100 percent sensor does not invalidate the original PLOAD loading
estimate. ®[CR5575A |

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using either 100 percent sensor is not accurate in the event of a later failure of both 100 percent LOX
liquid level control sensors and subsequent fill to the 100.15 percent sensor per LCC ET-10. The ET
Project has requested DOSSto rerun PLOAD or revert to 100.15 percent MPS inventory loading
estimates. A rerun and QA of PLOAD loading updates, nominal mission performance margin, and
launch window impacts requires approximately 40 minutes. KSC Ground Operations is unable to accept
launch window updates after L-39 minutes. However, FDO and ARD support should reflect the best
possible estimate of the true LOX loading. Therefore, these el ements will reconfigure to reflect LOX
loading to the 100.15 percent MPSinventory values, if the failover occurs after the latest time to rerun
PLOAD (about L-1:20 hour) and prior to L-25 minutes, regardless of whether or not the KSC launch
window is updated.

For any level sensor failure after L-25 minutes, no action is required by the MCC. A late sensor failure
(either thefirst or the second) may result in an underload of approximately 1,100 pounds of LOX, which
still meets LCC ET-10 launch requirements. This equates to approximately 15 fps of ascent performance
margin. STS107 Ascent Performance Margin is sufficient to ensure a guided nominal MECO for a
launch in this condition. However, a launch with an underload of this magnitude will result in TAL and
ATO abort boundary calls being made approximately 15 fps early. The program accepts this risk due to
its low probability of occurrence.

In the event of a failure of both 100 percent sensors and failover to a fill to the 100.15 percent sensor
failure, no additional drainback time will be added to the countdown. The requirement for the additional
drainback to the 100 percent level has been waived through a mission-specific analysis.

Late failover to a LOX tank fill controlled by the 100.15 percent (after failure of both 100 percent level
sensors) will require verification that the LOX loading is consistent with MPS inventory loading
estimates. The MPSinventory is protected if the ullage pressureis less than 1.036 psi. Ullage pressure
above this limit indicates an underload of a magnitude beyond that covered in the FPR. The value of
1.036 psi is derived by adding the ullage pressure used in deriving the inventory (.781 psi) to a tolerance
that is protected by FPR (.255 psi). ®[CR5575A ]

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-13
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-15 TAL RAI NSHONER EXCEPTI ONS

FOR TAL, RAI N SHOWERS ( EXCLUDI NG THUNDERSTORMS) W THIN THE LIM TS
LI STED I N RULE { A2-6}, LANDI NG SI TE WEATHER CRI TERI A [ HC],
PARAGRAPH C, MAY BE ACCEPTABLE | F CONTI NUOUS RADAR AND Al RCRAFT
SURVEI LLANCE | NDI CATES ALL OF THE FOLLOWM NG CONDI TI ONS ARE MET.

®[CR 5898

1.

COVERAGE: SHOWERS COVER LESS THAN 10 PERCENT OF THE AREA
WTH N 20 NM OF THE TAL RUNWAY.

MOVEMENT/ DEVELOPMENT:  OBSERVED HORI ZONTAL MOVEMENT | S
CONSI STENT AND NO ADDI TI ONAL CONVECTI VE DEVELOPMENT | S
FORECAST.

LI GHTNI NG POTENTI AL:  TOPS OF CLOUDS CONTAI NI NG

PRECI PI TATI ON DO NOT EXCEED THE +5 DEG C LEVEL AND HAVE
NOT' EXCEEDED THE -10 DEG C LEVEL WTHI N 2.5 HOURS PRI OR
TO LAUNCH.

| NTENSI TY: PRECI PI TATION IS LI GHT (LESS THAN 30 DBZ) AT
ALL LEVELS W THI N AND BELOW THE CLQOUD.

FOR ANY SHONER WTHI N 20 M LES OF THE TAL RUNVAY, |F THE
SHONER EXCEEDS PARAGRAPHS 3 OR 4, THEN A 2-NM VERTI CAL
CLEARANCE FROM THE TOP OF THAT SHOAER AND A 10- NM LATERAL
CLEARANCE MUST BE MAI NTAI NED ALONG THE APPRQOACH

CORRI DORS.

RUNWAY MEETS THE LANDI NG AND ROLLOUT CRITERI A AND NAVAI D
REQUI REMENTS SPECI FI ED | N RULE {A2-1}, PRELAUNCH GO NO- GO
REQUI REMENTS.

THERE | S A H GH LEVEL OF CONFI DENCE THAT AT LEAST ONE
APPROACH ( OVERHEAD OR STRAI GHT-IN) WLL BE ACCEPTABLE AT
TAL LANDI NG TI ME.  TREND MONI TORI NG UTI LI ZI NG RADAR AND
Al RCRAFT SURVEI LLANCE SHOULD | NDI CATE THAT A STABLE AND
PREDI CTABLE ENVI RONVENT EXI STS. ®[cr5898 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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DUE TO THE RELATI VELY RECENT ACQUI SI TI ON OF SPANI SH RADAR
DATA, A LACK OF EXPERI ENCE EXI STS ASSESS|I NG SPANI SH RADAR
DATA. ADDI TI ONALLY, TH S DATA HAS LOMER FREQUENCY AND
POTENTI ALLY LESS RELI ABI LI TY OF RECEI PT THAN CONUS RADAR
DATA. BASED ON THESE FACTORS, LAUNCH DAY CONDI Tl ONS
COULD BE SUCH THAT SUFFI Cl ENT CONFI DENCE DOES NOT EXI ST
TO EXERCISE TH S RULE. THE ASCENT FLI GHT DI RECTOR W LL
DETERM NE |F TH S RULE CAN BE SAFELY APPLI ED ON LAUNCH
DAY. ®[CR5898 ]

TAL PRECIPITATION LIMITS

The TAL shower exception specifies conditions under which launch is acceptable when showers are
within the area of the TAL runway on launch day. SMG originally devel oped the conditions specified in
this rule to meet orbiter design requirements for RTLS. The availability of Spanish radar data makes it
possible to give consideration to these same type exceptions for TAL runways in Spain. Smilar to RTLS
the short forecast interval for TAL and availability of radar and weather aircraft may allow improved
estimation of rain shower movement and characterization of the cloud type. Additional launch
probability is gained by eliminating the avoidance criteria for showers that do not pose a threat due to
lightning, hail, visibility, aerodynamic control, or MLS attenuation. Tile damage that occurs if
precipitation is encountered is acceptable. Radial, lateral, and vertical avoidance criteria still apply for
any storm that poses a threat to the orbiter.

Cloud Top Temperatures and Lightning Avoidance - Clouds that exceed the conditions stated in
paragraphs 3 and 4 above pose a threat of hail or lightning (natural and triggered). Cloudswith < 30
DBZ and tops below the +5 deg C thermal layer do not pose a threat of stored eectrical charge. Clouds
that have previously extended above the -10 deg C thermal layer must be avoided for 2.5 hoursto allow
any accumulated charge to dissipate. A 2-nm vertical clearance and a 10-nm lateral clearance must be
maintained along the approach paths of the overhead and straight-in HAC' s for showers exceeding these
limits. The Lightning Avoidance Criteria Peer Review Committee reviewed and concurred with these
criteria at their KSC meeting in February 1994.

If the orbiter encounters ice, window damage may occur resulting in reduced visibility (depending on ice
population, mass, density, and relative velocity) and RCC coating damage may occur forcing RCC panel
replacement. Clouds with tops below the +5 deg C thermal layer are warm enough to assure they do not
contain hail. ®[cr5898 ]
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Light Precipitation - Testing of TPStiles flown through moderate rainfall (35 to 40 dbz) indicates that
significant tile damage will occur if the orbiter encounters ice-free precipitation at velocities below Mach
1 and above touchdown speed. The extent of damage depends on drop size and the angle of incidence
between a drop and a tile. Conservative estimates of effects on approach and landing characteristics
assuming a wor st-case estimate of approximately 2000 damaged tiles (nose and canopy/windshield
areas, vertical tail and OMS pod |eading edges) show no significant effect on landing performance. A
retrimto a dlightly higher angle of attack would be the primary noticeable response to flight through
rain during landing approach. No structure or control system damage would occur. Testing indicates
that damage to RCC does not occur when flown through light rain at speeds below 0.7 Mach. RCC
damage is not desirable due to replacement cost and lead time. RCC damage caused by precipitation
impact would not affect aerodynamic performance. ®[Cr5898 |

Tile damage could result in a loss of up to 1000 ft of touchdown distance. Typical touchdown distances
carry adequate margin to protect this type of energy loss. A dispersed entry that is flown through a
shower on a day that predicted touchdown conditions are at the limits specified in Rule {A4-110},
AIMPOINT, EVALUATION VELOCITY, AND SHORT FIELD SELECTION, could result in a vehicle
touchdown on the underrun. Consideration should be given to not launching on a low energy day where
the capability to avoid showersislow. Otherwise, adequate margin exists within the system to support
loss of touchdown energy due to tile damage.

Water attenuates microwave signals at ML S frequencies; however, MLS performanceis not severely
affected. Analysis of MLSIink performance with a transmitter power output of 1600 W (the minimum
acceptable transmitter power output level) shows that MLS acquires at over 9 nm slant range when a
rainfall rate of 10 mnvhr (0.4 in/hr) exists along the entire path between the orbiter and the ground MLS
station. Since“ light” rainfall isless than 0.4 in/hr, nominal MLS acquisition is protected.

Ceiling and visibility criteria specified in paragraph A of Rule {A2-6}, LANDING STE WEATHER
CRITERIA [HC], till apply and protect for adequate crew visibility of the PAPI’s, aimpoint, and ball
bar through clouds and precipitation. WX RECON has primary responsibility for assessing visibility
through light precipitation from any showers of concern that do not fall within the field of view used by
meteorological observersto evaluate visibility. Ground observers are limited to evaluations using fixed
landmarks.

Area Coverage/Multiple HAC's - While it is acceptable to encounter showers that meet the criteria
specified in thisrule, it is still more desirableto avoid them if possible. Limiting the number of showers
in the vicinity of the TAL runway minimizes the chances of encountering a shower. If morethan 10
percent coverage exists or is forecast but both approaches are clear and will remain clear of showers,
the intent of this constraint has been met. ®[Cr5898 ]
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Movement and Convective Development - Consistent horizontal motion that islinear or near linear and
can be tracked isrequired to accurately forecast future movement. Conditions must be
thermodynamically stable. Observed and forecast conditions are the same and expected to remain
unchanged throughout the TAL period. e[cR5898 |

Paragraph 6 defines the clearance requirements of showerswith lightning potential (tops greater than
+5 deg C or returns greater than 30 dbz) which have not demonstrated air to ground lightning
strikes. The clearance requirements for lightning potential are the same as those of actual
thunderstorms. ®[CR5898 ]
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ORBI' T

PRI ORI TI ES AND M SSI ON DURATI ON

107_2A-21 H G4 PRIORI TY FLI GAT OBJECTI VES/ M NI MUM DURATI ON
FLI GHT

A. M N MUM DURATI ON FLI GHT (MDF) W LL LAST APPROXI MATELY
72 HOURS W TH LANDI NG ON THE MORNI NG OF FD4 PER RULE
{A2-102}, M SSI ON DURATI ON REQUI REMENTS. eEp |

The MDF has a nominal minimum length of approximately 72 hours. The term * approximately

72 hours’ isused to allow for utilization of primary landing site (PLS) and secondary landing site
(SLS) landing opportunities which occur during a given flight day. The minimum duration is set at the
number of days normally required to ensure a good probability of having a healthy crew for entry and
landing and to provide the opportunity to accomplish activities that could enhance orbiter entry/landing
conditions. The payload/experiments must be considered secondary to vehicle/crew safety and are not
sufficient grounds for mission continuation. FD4 landing is the standard MDF duration. The MDF
timeline must allow for Flight Control System (FCS) C/O, RCS hot fire, and cabin stow.

B. EXPERI MENT OPERATI ONS MAY CONTI NUE UP TO THE NOM NAL
DEACTI VATI ON TI ME DEFI NED | N THE ENTRY DAY Tl MELI NE ON A
NONI NTERFERENCE BASI S W TH ORBI TER OPERATI ONS | N PREPARI NG
FOR DEORBI T AND ENTRY.

Nominal experiment deactivation will be scheduled to preserve sufficient time for orbiter preparation for
deorbit and entry. Experiments may be performed before and up to this time on a noninterference basis.
Spacehab middeck experiments are considered part of Soacehab and would be deactivated at the same
time the modul e is deactivated.

C. |IF ONORBIT OPERATI ONAL CONFLI CTS EXIST WTH N THE STRUCTURE
OF AN MDF, THE CONFLI CTS WLL BE RESCLVED ACCORDI NG TO THE
PRI ORI TI ES DEFI NED I N RULE {107_2A-22}, ON-ORBI T GENERAL
PRI ORI TI ES. SECONDARY FLI GHT OBJECTI VES MAY BE ACCOVPLI SHED
WTH N THE STRUCTURE OF AN MDF AS LONG AS THEY DO NOT
| NTERFERE W TH OR JECPARDI ZE THE H GH PRI ORI TY FLI GHT
OBJECTI VES.
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7. ASTROCULTURE GLOVEBOX ( AST-10/2)

8. COMWVERCI AL PROTEI N CRYSTAL GROMH - PROTEI N
CRYSTALLI ZATI ON FACI LI TY ( CPCG PCF)

9. COWERCI AL | TA Bl OVEDI CAL EXPERI MENT ( CI BX) @pDN20 ]
10. ZEOLI TE CRYSTAL GROMH 1 (ZCG 1)

11. FUNDAVENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH- 2
( FRESH- 2)

12. CRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS ( Bl OTUBE/ MFA)
13. BI OLOG CAL RESEARCH I N CANI STERS ( BRI O
F. FREESTAR PAYLQADS
1. MEDI TERRANEAN | SRAELI DUST EXPERI MENT ( MElI DEX)
2.  SOLAR CONSTANT EXPERI MENT-3 ( SOLCON- 3)
3. SHUTTLE QZONE LI MB SOUNDI NG EXPERI MENT- 02 ( SCLSE-02)
4. CRITICAL VISCOSITY OF XENON-2 (CVX-2)
5 LOW PONER TRANSCEI VER ( LPT)
6. SPACE EXPERI MENT MODULE ( SEM
G DTO 700-14 MAGR GPS @[CrR5895A |

The TEHM is used by both the PHAB4 and VCD experiments, but is listed under the highest priority
payload it supports. Detailed Supplementary Objectives (DSO’'s) manifested for this flight have no real-
time requirements (i.e., only pre and post-flight requirements) and are, therefore, not listed in thisrule.
RAMBO has no real-time requirements except for state vectors. ®[CR5622 ] ®[CR5633 ]

DOCUMENTATION: STS107 FRD (NSTS 17462-107), PRD for Spacehab Commercial Payloads

(NSTS 21464), PRD for ESA Payloads (NSTS 21459), PRD for Code U Payloads (NSTS 21463).
®DN20 ]
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107 _2A- 23 ON- ORBI T PROPELLANT PRI ORI Tl ES
PROPELLANT PRI ORI TI ES FOR CONSUMABLES LI M TED SI TUATI ONS, HI GHEST
PRI ORI TI ES FI RST ARE:
TABLE 107_2A-23-1 - PROPELLANT PRI ORI TI ES
PRIORITY FLIGHT ACTIVITY NOTES
1 NOMINAL OMS/RCS REDLINES (PROTECTS 1-1 REF RULE {A2-108}, CONSUMABLES MANAGEMENT
DEORBIT OPPORTUNITIES
MINIMUM DURATION FLIGHT
WEATHER WAVEOFF EXTENSION DAY (PROTECTS | THE WEATHER WAVEOFF EXTENSION DAY IS
2-1-1 DEORBIT OPPORTUNITIES) LOWER PRIORITY THAN THE MINIMUM ALTITUDE
REQUIRED FOR PRIMARY PAYLOAD ACTIVITIES.
REF RULE {A2-108C}, CONSUMABLES
MANAGEMENT.
4 NOMINAL MISSION DURATION EXTEND MISSION DURATION IN FLIGHT DAY
INCREMENTS PAST MDF, UP TO NOMINAL.
ADDITIONAL DAYS WILL INCLUDE NOMINALLY
PLANNED ACTIVITIES (ATTITUDE MANEUVERS,
ATTITUDE HOLD, ETC.). REF RULE {A2-108},
CONSUMABLES MANAGEMENT.
5 PROVIDE ADDITIONAL DEORBIT ATTEMPTS UP TO | PROVIDING 2-2-2 (TWO ATTEMPTS ON THREE
2-2-2 CONSECUTIVE DAYS) REQUIRES AN ADDITIONAL
TWO REVS OF WAVEOFF ABOVE 2-1-1
CAPABILITY.
6 RAISE AND/OR CIRCULARIZE ORBIT AS HIGH AS ALL PROPELLANT MARGIN ABOVE FULL MISSION
POSSIBLE UP TO NOMINAL ALTITUDE DURATION AND ACTIVITIES WILL BE ALLOCATED
TO RAISING THE ORBIT AND/OR CIRCULARIZING
THE ORBIT AS HIGH AS POSSIBLE UP TO THE
NOMINAL MISSION ALTITUDE OF 150 NM.
ET PHOTOGRAPHY MANEUVERS THE SSP STRONGLY DESIRES ET PHOTOGRAPHY.
OMS ENGINE FAIL REF RULES {A6-303}, OMS REDLINES [CIL];
{A6-304}, FORWARD RCS REDLINES; AND
{A6-305}, AFT RCS REDLINES. OMS ENGINE FAIL
PROTECTION FOR THE DEORBIT WAVEOFF
EXTENSION DAY MAY BE DELETED IN FAVOR OF
HIGH PRIORITY FLIGHT OBJECTIVES.
9 ADJUST ORBIT FOR ADDITIONAL LANDING PROPELLANT BEYOND WHAT IS REQUIRED FOR
OPPORTUNITIES PRIMARY MISSION OBJECTIVES MAY BE USED TO
PERFORM ORBIT ADJUST BURNS TO GAIN
ADDITIONAL LANDING OPPORTUNITIES.
| ®DN11 ] ®[CR5519 ] ®[ED ] ®[CR5895A |
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107 _2A-54 PGSC USAGE GUI DELI NES
TABLE 107_2A-54-1 - PGSC USAGE PLAN
PGSC FUNCTION ORBITER PROVIDED SPACEHAB
PROVIDED
STs1 ocA X
STS2 WINDECOM X
STS3 PROSHARE X
STS4 WORLDMAP X
PL1 MEIDEX X
PL2 SOLSE-2 X
PL3 SH SUBSYSTEM, HLS PHAB-4 X
BAR CODE READER
PL4 AST, MGM, BDS-05, & ZCG X
PL5 CM-2 X
(WINDOWS 95 OS)
PL6 VCD FE X
(WINDOWS 95 OS)
HLS HLS MPFE X
ARMS ARMS X
®DN27 ]

NOTE: PGSC BACKUP OPTI ONS W LL BE DOCUMENTED AS REFERENCE DATA
I N THE PAYLOAD OPS CHECKLI ST.

PROGRAMVATI CALLY, THE TWO STOWNED PGSC S ARE DEDI CATED TO WEI DEX
AND SOLSE. OPERATI ONALLY, THEY WLL BE USED AS REQU RED TO
SUPPORT FI RST AND SECOND PGSC FAI LURES. SHOULD MEI DEX OR SOLSE
PGSC S REQUI RE BACKUP, THEY WLL BE @ VEN PRI ORI TY OVER OTHER
USERS. e@pN27 ]
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PAYLOAD CONSTRAI NTS

107_2A-61

PAYLOAD CONTAM NATI ON CONSTRAI NTS SUMVARY

TABLE 107_2A-61-1

— PAYLOAD CONTAM NATI ON MATRI X

CUSTOMERS W TH DUMP AND/ OR PURGE CONTAM NATI ON CONCERNS SHOULD BE
NOTI FI ED OF CHANGES TO DUMP PLANS AT LEAST 90 M NUTES PRIOR TO

THE EVENT, |F PGSSIBLE. NOZZLE DUMP ATTI TUDES MAY BE Bl ASED FROM
THE RETROGRADE DI RECTI ON | F REQUI RED TO PROTECT THERMAL
CONSTRAI NTS.  epDN48 ]
PAYLOAD | TIMEFRAME SUPPLY OMS BURN PRCS OMS/RCS ORBITER FUEL CELL
DUMPS, PROPELLANT LEAKS PURGES
WASTE JJET LEAKS
DUMPS, FES AND APU
OPERATIONS OPERATIONS
SPACEHAB N/A NO NO NO NO NO NO
[4] CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
MEIDEX 20 MIN PRIOR TO NO NOZZLE PROHIBITED PROHIBITED CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS WHEN DOOR WHEN DOOR ASAP VIASSP [2]| ASAP VIASSP [2]
EXPERIMENT OPEN OPEN EXCEPT
OBSERVATIONS WHEN
(DOOR OPEN) LANDTRACK
MANEUVER
REQUIRED [1]
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLSE 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS, WHEN DOOR PRCS FIRINGS ASAP VIAPGSC ASAP VIA
EXPERIMENT MINIMIZE FES OPEN WHEN DOOR [2] PGSC [2]
OBSERVATIONS oPSs [3] OPEN [1]
(DOOR OPEN)
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLCON 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE COVER CLOSE COVER INHIBITED
[4] AND DURING DUMPS WHEN COVER PRCS FIRINGS OR SHUTTERS OR SHUTTERS
EXPERIMENT AND WHEN COVER ASAP VIA ASAP VIA
OBSERVATIONS SHUTTERS AND GROUND GROUND
(COVER AND OPEN SHUTTERS COMMAND [2] COMMAND [2]
SHUTTERS OPEN) OPEN 11
NON-OPERATING NO NO NO NO NO NO
(COVER OR CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SHUTTERS
CLOSED)
LPT DURING GPS NAV NO NOZZLE NO NO NO NO INHIBITED
DATA TAKES DUMPS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
CVX N/A NO NO OMS NO PRCS NO NO NO
CONSTRAINTS BURNS DURING CONSTRAINTS CONSTRAINTS CONSTRAINTS
DURING CRITICAL
CRITICAL PERIODS
PERIODS
®DN48 | ®DN53 ] ®[CR5846 ] ®[CR5895A ]
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107 2A-63 M CROGRAVI TY CONSTRAI NTS
PAYLOAD TIMEFRAME OMS PRCS [1] VRCS EXERCISE
BURN
ADVANCED PROTEIN ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
CRYSTALLIZATION FACILITY UNTIL WITHOUT WITHOUT CONSTRAINT
(APCF) DEACTIVATION PRIOR PRIOR
NOTIFICATION | NOTIFICATION
COMMERCIAL FIRST 10 DAYS HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
MACROMOLECULAR AND FOLLOWING DESIRE PROHIBITED CONSTRAINT
PROTEIN CRYSTAL GROWTH ACTIVATION PROHIBITED
(CMPCG)
COMMERCIAL PROTEIN FIRST 24 HOURS | HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
CRYSTAL GROWTH - PROTEIN FOLLOWING DESIRE PROHIBITED CONSTRAINT
CRYSTALIZATION FACILITY INITIALIZATION PROHIBITED
(CPCG-PCF)
MECHANICS OF GRANULAR ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
MATERIALS (MGM) UNTIL CONSTRAINT
DEACTIVATION
FOR TEST POINTS
1-8
COMBUSTION LAMINAR MICROGRAVITY PROHIBITED PROHIBITED NO NO CONSTRAINT
MODULE-2 SO0T PERIOD BEGINS CONSTRAINT
(CM-2) PROCESSES | 22-28 MINUTES
(LSP) AFTER THE
START OF A RUN
AND LASTS FOR
11 MINUTES
STRUCTURE | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
OF FLAME PERIOD BEGINS (GRAVITY EXERCISE/CYCLE
BALLS AT 18 MINUTES INTO GRADIENT ERGOMETER OPS AND
LOW LEWIS | EACH RUN AND ATTITUDE ORBITER CYCLE
NUMBERS LASTS FOR REQUIRED) ERGOMETER OPS
(SOFBALL) VARIOUS PROHIBITED DURING
DURATIONS (1.5 MICROGRAVITY
TO PERIOD.
APPROXIMATELY
4 HRS)
DEPENDING ON
THE RUN.
WATER MIST | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
PERIOD BEGINS EXERCISE/ERGOMETER
AT EXPERIMENT OPS AND ORBITER
RUN START +23 ERGOMETER OPS
OR 29 MINUTES PROHIBITED DURING
(DEPENDING ON THE MICROGRAVITY
THE RUN) AND PERIOD [3]
LASTS FOR 2-4
MINUTES
|| zEOLITE CRYSTAL GROWTH FURNACE PROHIBITED PROHIBITED NO MINIMIZE CREW
(zCG) ACTIVATION WITH CONSTRAINT [1]| EXERCISE DURING
UNTIL ZCG ALLOWANCE FIRST 10 HOURS POST-
DEACTIVATION FOR ALT DAP FURNACE ACTIVATION.
AS
NEGOTIATED
WITH ZCG
CRITICAL VISCOSITY OF CRITICAL PROHIBITED PROHIBITED [1] | NO AVOID SCHEDULING
XENON-2 (CVX-2) PERIODS 2] CONSTRAINT CONSECUTIVE

EXERCISE PERIODS
WHEN POSSIBLE
DURING CRITICAL

PHASES
®DN49 | ®[CR5623 ] ®[CR5628A | ®[CR5895A |
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NOTES:

K| FOR LOSS OF VERNS, MGM, LSP, WATER MIST, ZCG AND CVX-2 WILL CONTINUE OPERATIONS USING ALT DAP.
®DN49 ]

[2] CRITICAL PERIODS OCCUR WHEN THE EXPERIMENT APPROACHES ITS CRITICAL TEMPERATURE AND WILL BE
DEFINED BY THE CUSTOMER AND PROVIDED AS PART OF THEREPLAN CYCLE. THESE CRITICAL PERIODS ARE
APPROXIMATELY DEFINED BY THE FOLLOWING PAYLOAD EVENT TIMES (REFERENCED FROM CVX-2
ACTIVATION): 26 TO 47 HOURS, 64 TO 115 HOURS, AND 130 TO 182 HOURS FOR A 200 HOUR TIMELINE; AND 20
TO 35 HOURS, 54 TO 73 HOURS, 129 TO 151 HOURS, 205 TO 227 HOURS, AND 281 TO 303 HOURS FOR A 308 HOUR
TIMELINE.

[3] EXERCISE MAY BE SCHEDULED DURING WATER MIST RUNS, BUT THE CREWMEMBER MUST PAUSE FOR THE
SHORT MICROGRAVITY PERIOD.

The gravity gradient attitude is required for SOFBALL to maintain predictable comm during the lengthy
microgravity periods. Exercisein the Spacehab is prohibited during SOFBALL microgravity periods to
achieve the best microgravity environment possible. Exercisein the middeck is also prohibited during
SOFBALL Free Drift periods.

Most MIST tests require microgravity beginning 37 minutes into each run. However, MIST tests 12 and
22 are an exception to this rule with microgravity periods beginning 22 minutesinto each run. No
special attitude is required for MIST since the Free Drift period is short and comm should remain
predictable. Exercisein the middeck and in Spacehab module prohibited during MIST Free Drift
periods.

CVX-2 critical periods occur when the experiment approaches its critical temperature. The most critical
part of CvX-2'stimelineisthe last 10 hours of the first pass through Tc (liquid-vapor critical point of
Xenon, approx 16.7 degrees C). They will use this "fast" pass to locate Tc for the remainder of the
mission. Each of the later "slow" passes through Tc requires about 80 hours, with the last 30 hours
being most important. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight. Actual critical period timeframes will be defined
by the customer and provided as part of the replan cycle.

OMSburns and PRCSjet firings are not allowed during CVX-2 critical periods. Shuttle maneuvers
using VRCS sometimes create DC accel erations that exceed the steady-state requirement of 0.24 milli-g,
but they are too short-lived to cause a problem.

CVX-2 is very susceptible to impacts on the sample cell during exercise periods due to the AC

accel erations reducing the measurement signal-to-noise ratio. To protect sample data against possible
degradation due to crew exercise, CVX desires that during critical periods, exercise not be scheduled
consecutively. This scheduling is desirable for the entire mission, yet extremely important during critical
periods operations. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight.
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CMPCG and CPCG-PCF are both sensitive to microgravity disturbances during crystal nucleation and
crystal growth which can cause detrimental effects to crystal formation and the solution boundary layer
asthe crystals grow in solution. CMPCG consists of approximately 1008 samples that have a wide
variance in the timing of nucleation and growth phases. CMPCG highly desires minimized disturbances
during their entire crystal growth phase, but especially for thefirst 10 days of crystal growth. CPCG-
PCF consists of only one sample and highly desires minimized disturbances during the first 24 hours of
crystal growth which is the expected nucleation and early growth phase. ®[cR5628A ]

Reference Rule {107_2A-61} PAYLOAD CONTAMINATION CONSTRAINTS SUMMARY, for OMSRCS
constraints driven by contamination concerns. ®pN49 ]

107 _2A-64 RESERVED @[cR 5895A ]
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ATT| TUDE/ POl NTI NG CONSTRAI NTS

107_2A-71 ATTI TUDE/ PO NTI NG CONSTRAI NTS

A.  SPACEHAB
1. COMVBI NED TWO- PHASE LOOP EXPERI MENT ( COVRPLEX)

a. COWMRPLEX REQUI RES A -ZLV (NADIR) ATTI TUDE FOR 48
HOURS PER EACH OF THE THREE LOOPS FOR A TOTAL OF 144
HOURS. ANY YAWI S ACCEPTABLE. COWMPLEX CAN
W THSTAND ATTI TUDE BI ASES UP TO 20 DEGREES WHI CH LAST
NO MORE THAN 20 M NUTES. THE Tl ME SPENT BI ASED CAN
TOTAL NO MORE THAN 40 M NUTES EVERY 24- HOUR PERI CD.
®DN79 ]

b. COWPLEX DEEP SPACE PO NTING IS LIM TED TO 90 M NUTES
| F UNPONERED. AFTER 90 M NUTES, COWMPPLEX REQUI RES A
-ZLV (NADIR) ATTI TUDE FOR 1 HOUR BEFORE REAPPLYI NG
PONER.  COWRPLEX HAS NO DEEP PO NTI NG CONSTRAI NT
VWH LE POWERED.

c. COWPLEX MJUST BE I N A REDUCED PONER STATE FOR SOLAR
PO NTI NG

The COM2PLEX payload requires maintaining a similar attitude for the duration of each of the three
experiment runs to reduce thermal fluctuations and maintain compar ability between the runs.

2. M N ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MSTRS)

a. MTRS REQUI RES A - ZLV (NADIR) ATTI TUDE FOR EACH
OPERATI ONAL CYCLE EXCEPT AS NOTED I N PARAGRAPH B
BELOW

Each operations cycle consists of a 1 hour warm up period and a minimum of four continuous or bits.
The MSTRS payload requires no biasin the -ZLV (NADIR) attitude to accurately geo-locate radio
frequency sources on Earth. ®pn79 ]

THI'S RULE CONTI NUED ON NEXT PAGE
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

ORBI T GENERAL

107_4A-11 ORBI TAL MANEUVER CRI TI CALI TY AND DEFI NI TI ONS

A, ALL STS-107 ORBIT MANEUVERS ARE CLASSI FI ED AS “CRI TI CAL” OR
“NONCRI TI CAL” AS FOLLOWE:

MANEUVER CLASSIFICATION VGO TRIMS (FPS)
OMs-1 CRITICAL FOR CREW SAFETY (IF REQUIRED) |[EACH VGO < 2
OMS-2 CRITICAL FOR CREW SAFETY |[EACH VGO < 2
ORBIT ADJUST (OA) | NONCRITICAL |[EACH VGO| < 0.2
DEORBIT CRITICAL FOR CREW SAFETY [VGOX/Z| < 2; DO NOT TRIM VGOY
®[CR 5895A |

Maneuvers listed are not necessarily in time order of execution.

OMS-1 (if required), OMS-2 and deorbit are always considered critical to the crew’ s safety because they
may entail atmospheric reentry if TIG is delayed or an underburn is performed.

Orbit Adjust are considered noncritical in the sense that they may be slipped at least one orbit, or
deleted, without impact to crew safety or mission SUCCeSS. ®[CR 5895A |

B. CHANGES TO THE PREFLI GHT PLANNED MANEUVER SEQUENCE W LL BE
COORDI NATED W TH THE PAYLOAD CUSTOVERS AS FOLLOWE:

THE SPACEHAB CUSTOMER, THE GSFC POCC, AND DCOD REP W LL
BE NOTI FI ED DAI LY OF CHANGES TO THE PREFLI GHT BURN PLAN
W TH ESTI MATES OF THE MAGNI TUDE OF EACH BURN. I N THE
EVENT OF ANY UNSCHEDULED BURN, THEY W LL BE NOTI FI ED AS
SOON AS PGSSI BLE.

The burn plan information is required to plan experiment operations which are affected by OMSRCS
contamination or accelerations environments. Some door s/covers may need to be closed for certain
burns. In the event of any unscheduled burn, such as a collision avoidance burn, at least 15 minutes are
required to compute and prepare the burn PAD. The payl oads can use this time to perform commanding
to minimize the impact to science.

STS-107 01/14/03 FINAL, PCN-1, P&l #1 TRAJECTORY AND GUIDANCE 4-3
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_4A-12 EOM ORBI T ADJUST BURNS

A. | F PROPELLANT IS AVAI LABLE, ORBI T ADJUSTS MAY BE PERFORMED
TO | NCREASE THE NUMBER OF DEORBI T OPPORTUN TI ES AVAI LABLE.
IF AN ELLIPTIC ORBIT I S TARGETED FOLLON NG THE ADJUST,
STEEP DECRBI T CAPABI LI TY SHALL BE RETAI NED TO SATI SFY RULE
{A4- 103A}. 3, OFF- NOM NAL ORBI TAL ALTI TUDE RECOVERY
PRI ORI TI ES. e[ED ]

B. THE ORBI T ADJUST PLAN WLL ATTEMPT TO ACH EVE THE FOLLOW NG
COMBI NATI ONS OF LANDI NG OPPORTUNI TI ES STATED | N ORDER OF
DECREASI NG PRI ORI TY.  ONLY OPPORTUNI TI ES WHI CH SATI SFY THE
CREW DAY CONSTRAI NTS (REF RULE {A4-107A}.7, PLS/ EOM LANDI NG
OPPORTUNI TY REQUI REMENTS), W LL BE CONSI DERED (7 HRS < AWAKE
TI ME BEFORE LANDI NG < 16 HRS). AN ORBI T ADJUST PLAN WH CH
WOULD RESULT I N LOSS OF OPPORTUNI TIES AT A HI GHER PRI ORI TY
THAN THOSE GAI NED W LL NOT BE PERFORMED EVEN | F DAYLI GHT
OPPORTUNI TI ES ARE PROVI DED BY THE PLAN. eED ]

PRIORITY SITE EOM EOM + 1 EOM + 2

1 KSC
EDW

2 KSC
3 KSC
4 EDW
5 EDW
6 KSC
STS-107 12/19/02 FINAL, PCN-1 TRAJECTORY AND GUIDANCE 4-4
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JANUARY 14, 2003

THI' S DOCUMENT | NCORPCRATES CHANGES TO THE FOLLOW NG RULES (SI NCE THE FI NAL,
PCN-1, DATED DECEMBER 19, 2002) BY THE APPLI CABLE DI SCREPANCY NOTI CES (DN S)
AND CHANGE REQUESTS (CR S).

RULE NO

107_1A-12
107_1A-13
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107_2A-15
107_2A-22
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107_2A-61
107_2A-63
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3
5

9 IIILLLY 999

RULE NO CR NO

5895A
5895A
5895A

5895A
5898

5895A
5895A
5895A
5895A
5895A
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5895A FI NAL QA ned 01/14/03
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TH S DOCUMENT | NCORPCRATES CHANGES TO THE FOLLOW NG RULES (SI NCE THE FI NAL
DATED JUNE 20, 2002) BY THE APPLI CABLE DI SCREPANCY NOTI CES (DN S) AND CHANGE

REQUESTS (CR' S).

RULE NO CR NO. RULE NO CR NO.
107_1A-2 ED 107_9A-1 CR 5844
107_1A-22 CR 5844 107_9A-2 ED
107_9A-3 CR 5703
107_2A-1 CR 5845 107_9A-3 CR 5848
107 _2A-1 CR 5868A
107 _2A-1 CR 5871 107_10A-1 ED
107_2A-2 CR 5621 107_10A-3 ED
107_2A-12 ED 107_10A-4 ED
107_2A-14 CR 5575A
107_2A-21 ED 107_11A-1 CR 5849
107_2A-22 CR 5622 107_11A-1 ED
107_2A-22 CR 5633 107_11A-2 CR 5850
107_2A-23 ED 107_11A-2 ED
107_2A-24 ED 107_11A-3 CR 5624
107_2A-25 CR 5872 107_11A-4 CR 5625C
107_2A- 26 ED 107_11A-6 ED
107_2A-41 ED
107_2A-42 CR 5844 107_15A-2 ED
107_2A-42 ED
107_2A-51 ED 107_17A-1 ED
107_2A-52 ED 107_17A-2 ED
107_2A-53 CR 5844 107_17A-3 ED
107_2A-53 ED 107_17A-4 ED
107_2A-61 CR 5846 107_17A-5 ED
107_2A- 63 CR 5623 107_17A-6 ED
107_2A- 63 CR 5628A 107_17A-8 ED
107 _2A-71 CR 5615
107 _2A-71 CR 5844 107_18A-1 ED
107 _2A-71 CR 5847 107_18A-2 CR 5617C
107_18A-3 ED
107_3A-3 ED 107_18A-4 ED
107 _3A-6 ED 107_18A-5 ED
107 _3A-6 CR 5635 107_18A-6 ED
107_4A-1 ED 107_19A-1 CR 5627B
107_4A-12 ED 107_19A- 262 CR 5700
107_7A-3 ED 107_20A-2 CR 5626A
107_20A-3 CR 5851
107_8A-3 ED
APPENDI X A CR 5844
BOOK MGR BAL 12/19/02
FINAL QA ned 12/ 19/ 02
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SPACE SHUTTLE OPERATI ONAL FLI GHT RULES ANNEX
FLI GHT STS-107
FI NAL, PCN-1

PREFACE

TH' S DOCUMENT, DATED DECEMBER 19, 2002, CONTAINS THE FI NAL, PCN-1

VERSI ON OF THE STS-107 FLI GHT- SPECI FI C FLI GAT RULES AND | S | NTENDED TO
BE USED | N CONJUNCTI ON W TH THE SPACE SHUTTLE OPERATI ONAL FLI GHT RULES,
NSTS-12820, VOLUME A, VWH CH CONTAIN THE GENERI C FLI GHT RULES FOR ALL
FLI GHTS.

THE FLI GHT RULE NUMBERI NG SYSTEM HAS BEEN UPDATED. THE NEW NUMBERS W LL
MAKE RULES EASI ER TO REFERENCE BOTH PRE-M SSI ON AND | N THE CONTROL
CENTER. AN EXPLANATI ON OF THE UPDATED NUMBERI NG SYSTEM | S SHOMN ON PAGE
VI,

I T 1S REQUESTED THAT ANY ORGANI ZATI ON HAVI NG COMMENTS, QUESTI ONS, OR
SUGCESTI ONS CONCERNI NG THESE FLI GHT RULES CONTACT DA8/B. A. LEVY,
FLI GHT DI RECTOR COFFI CE, PHONE 281- 483- 8586.

ALL FLI GHT RULES ARE AVAI LABLE ON THE I NTERNET. THE URL I S:

HTTP: / / MOD. JSC. NASA. GOV/ DA8. NO I D OR PASSWORD W LL BE REQUI RED TO
ACCESS ANY OF THE RULES PROVI DED THE USER | S ACCESSI NG FROM A TRUSTED
SI TE (ALL NASA CENTERS, CONTRACTORS, AND | NTERNATI ONAL PARTNERS). |F
UNABLE TO ACCESS, USERS NEED TO SEND AN E- MAIL NOTE TO DA8/M L.

GRI FFI TH ( MARY. L. GRI FFI TH1I@ SC. NASA. GOV) W TH THEI R FULL NAME, COVPANY,
| P ADDRESS, AND A JUSTI FI CATI ON STATEMENT FOR ACCESS.

TH S IS A CONTROLLED DOCUMENT AND ANY CHANGES ARE SUBJECT TO THE CHANGE
CONTROL PROCEDURES DELI NEATED I N APPENDI X B.  THI S DOCUMENT IS NOT TO BE
REPRODUCED W THOUT THE WRI TTEN APPROVAL OF THE CHI EF, FLI GHT DI RECTOR
OFFI CE, DA8, LYNDON B. JOHNSON SPACE CENTER, HOUSTON, TEXAS.

APPROVED BY:

CHIEF, FLIGHT DIRECTOR OFFICE

ZW vt YA ——

JON C. HARPOLD RONALD D. DITTYMORE
DIRECTOR, MISSION OPERATIONS MANAGER, SPACE SHUTTLE PROGRAM

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 1 -

GENERAL, AUTHCRI TY, AND DEFI NI TI ONS

GENERAL

107_1A-1

FLI GHT RULE APPL| CABI LI TY

TH' S DOCUMENT CONTAINS THE STS-107 FLI GHT- SPECI FI C FLI GAT

RULES AND |'S | NTENDED TO BE USED I N CONJUNCTI ON W TH THE SPACE
SHUTTLE OPERATI ONAL FLI GHT RULES, NSTS-12820, VOLUVE A, VWH CH

CONTAIN THE GENERI C FLI GHT RULES FOR ALL FLI GHTS.

107_1A-2

VEHI CLE CONFI GURATI ON

STS- 107/ Ov-102 FLI GHT SPECI FI C VEH CLE CONFI GURATI ONS AS RELATED
TO THE GENERI C RULES ARE LI STED I N THE FOLLOW NG TABLE:

TABLE 107_1A-2- 1|

VEHICLE CONFIG DEPENDENT COMPONENT/ CONFIGURATION
RULES SYSTEM
SECTIONS A#.6.#, SPACEHAB RESEARCH DOUBLE MODULE
{A13-156}, {A17-202}, {A17-302}
{A10-361}, {A10-362}, {A10-363}, VIEWPORT YES
{A10-364}, {A10-365}
{A15-201}, {A15-202}, {A17-202}, AIRLOCK INTERNAL
{A17-302}, {A18-60}, {A18-61}, {A18-62},
{A18-306}
{A17-202}, {A17-302} TUNNEL ADAPTER | YES
{A10-341}, {A10-342}, {A10-343}, oDS NO
{A10-344}, {A10-345}, {A10-346}
{A10-281} PRLA N/A
{A2-112}, SECTION 12 PDRS NO
{A2-105}, {A2-1001}, {A7-102}, {A7-5}, DISPLAY SYSTEM MEDS
{A7-109}, {A7-1001}, {AS-18}
{A15-26} SSOR/SSER YES

{A9-257}, {A9-262}

CRYO TANK SET

9

{A17-202}, {A17-302}

N, TANK SET

5 (OFF-LOADED TO THE EQUIVALENT OF 4)

{A2-1001}, {A13-152}, {A13-155},
{A17-53}, {A17-106}, {A17-155),
{A17-156}, {A17-1001}

CO, CONTROL

LIOH

®[ED ]

TH S

RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02

FINAL, PCN-1

GENERAL, AUTHORITY,
AND DEFINITIONS

Verify that this is the correct version before use.
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FLIGHT RULES

107_1A-2

VEH CLE CONFI GURATI ON  ( CONTI NUED)

TABLE 107_1A-2- |

( CONTI NUED)

VEHICLE CONFIG DEPENDENT COMPONENT/ CONFIGURATION
RULES SYSTEM
{A10-73} HYD ACCUMULATOR | BELLOWS (ALL)
{A13-30}, {A17-551} IODINE REMOVAL GIRA PRIME
{A2-1001}, {A9-154}, {A18-256}, RAD ISOLATION YES

{A18-1001}

VALVE

{A9-154}, {A17-3}, {A17-103}, {A17-151},
{A17-153}, {A17-154}, {A17-1001}

AV BAY 3A FAN

STD AVIONICS BAY FAN

{A2-265} GPS SINGLE STRING
{A9-154} TACAN GOULD (ALL 3 SLOTS)
{A5-2}, {A5-10}, {A5-11}, {A5-12}, SSME C-BLOCK Il
{A5-153} L-BLOCK Il

R - BLOCK I
{A6-2}, {A6-3} OoMS L-116

R-114
{A2-105} SPARE HUD NO
{A2-105} PAYLOAD YES

RECORDER

{A2-323} SPARE PDI YES
®DN84 ] ®[ED ]
107_1A-3 PAYLOAD OPERATI ONS ASSESSIVENT

FOR PAYLOAD OPERATI ONS GO NO- GO DECI SI ON PURPCSES, PAYLQOAD AND
SPACECRAFT SYSTEM CAPABI LI TY ASSESSMENTS W LL BE BASED ON THE
BEST ESTI MATE OF THEI R CAPABI LI TY TO MEET THE M NI MUM FLI GHT
REQUI REMENTS.  SYSTEMS PERFORMANCE CAPABI LI TY | N EXCESS OF
SPECI FI CATI ON REQUI REMENTS W LL BE CONSI DERED USABLE.

Reference Rules {107_19A-1}, SPACEHAB MINIMUM MISSON OBJECTIVES and {107_20A-1},
FREESTAR MINIMUM MISSON OBJECTIVES @®pDN12 |

STS-107 12/19/02 FINAL, PCN-1 GENERAL, AUTHORITY, 1-2

AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-22 SUPPORT EQUI PVENT FCR RESPONSI Bl LI TY ( CONTI NUED)

E. PGSC RESPONSI BI LI TIES: e@pN16 ]
1. ORBI TER PROVI DED PGSC HARDWARE - FAO
2 SPACEHAB PROVI DED LAPTOP COVPUTERS - PAYLQADS
3 PCDECOM SOFTWARE — FAO
4. GPS DTO 700-14 SOFTWARE - GNC
5

MElI DEX AND SHUTTLE QZONE LI MB SOUNDI NG EXPERI MENT
(SOLSE) -2 (HHJR/ BIA) SOFTWARE — PAYLQADS e[cr5844 ]

6. SPACEHAB AND EXPERI MENT SOFTWARE - PAYLOADS

The purpose of this Ruleis to define the FCT points of contact for equipment used in support of
payloads. Reference Rule {107_2A-54}, PGSC USAGE GUIDELINES for additional information on
PGSC and SH Laptop computer usage. ®DN16 ]

STS-107 12/19/02 FINAL, PCN-1 GENERAL, AUTHORITY, 1-11
AND DEFINITIONS
Verify that this is the correct version before use.
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FLIGHT RULES

SECTION 2 - FLI GHT OPERATI ONS

PRELAUNCH
107_2A-1 LAUNCH W NDOW. . . . o oeeeee e e e e e c2-1
TABLE 107 _2A-1-1 - COVPOSI TE LAUNCH W NDOW GRAPH . . . .. ... 2-3
TABLE 107 _2A-1-11 - LAUNCH W NDOW DI G TAL DATA .......... 2-4
107_2A-2 LAUNCH COM T CRITERIA . .\t 2-6
107_2A-3 LAUNCH TURNAROUND . . . . o ooeeeeeee e 2-8
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SECTION 2 - FLI GHT OPERATI ONS

PRELAUNCH

107_2A-1 LAUNCH W NDOW

A, ON JANUARY 16, 2003, THE LAUNCH W NDOW OPENS AT 15: 39

GREENW CH MEAN TI ME (GMIT) AND CLOSES AT 18:09 GWMI. @[CR5556A ]
®[CR 5868A |

1. THE LAUNCH W NDOW OPENS ON 2-2-2 KSC AND EDW e[cr5s868A ]

2. CLOSING OF THE W NDOW I S CONSTRAI NED BY THE 2. 5- HOUR CREW
ON BACK TI ME CONSTRAI NT.

3. FOR SCHEDULI NG AND NOTI FI CATI ON PURPCSES, THE LAUNCH
CLEARANCE W NDOW (LAUNCH PERIOD) 1S 4 HOURS | N DURATI ON.
THE LAUNCH PERICD IS 1500 TO 1900 GMVIT. ®[CR5556A ] ®[CR5871 |

B. MED TERRANEAN | SRAELI DUST EXPERI MENT ( MEI DEX) REQUI RES A
LAUNCH W NDOW THAT W LL TAKE THE ORBI TER THROUGH THE TWD
PRI MARY NMEI DEX RO S DURI NG DAYLI GHT HOURS SUCH THAT THE
SPEC!I FI ED SOLAR ZENI TH ANGLE OVER THE ROl |S SATI SFI ED FOR A
COVBI NED M NI MUM OBSERVATI ON TI ME OF NO LESS THAN 140
M NUTES. A SOLAR ZENNTH WTHIN 45 DEG IS REQUI RED | F THE
LAUNCH DATES FALL BETWEEN MARCH 7TH THROUGH SEPTEMBER 23RD.
QUTSIDE OF TH S TI MEFRAME, THE SOLAR ZENI TH ANGLE | S REQUI RED
TOBE WTH N 70 DEG  e[cr5845 ]

Solar declination prohibits meeting the 45 deg constraint for the duration of the mission if the launch
date falls outside of the March 7th to September 23rd timeframe. If the launch occurs outside of this
timeframe, MEIDEX highly desires that operations are maximized when the solar zenith angle iswithin
60 deg or less over the ROI. MEIDEX solar zenith angle definition is the angle between the Sun and
orbiter zenith, unless a specific ground location is chosen. In that case, the solar zenith angle definition
is the angle between the Sun and the groundsite zenith. The Mediterranean ROI is defined by Latitude
31 N to 39 N and Longitude 0 (Greenwich) to 35E. The Atlantic ROI is defined by 15 N Latitude/35 W
Longitude, 15 N Latitude/20 W Longitude, 5 N Latitude/10 W Longitude, 5 N Latitude/5 E Longitude, 5
SlLatitude/5 E Longitude, and 5 S Latitude/35 W Longitude. MEIDEX desires to be flown between the
months of September and June, as the standard atmospheric profile during July and August provide few
opportunities for viable sampling. MEIDEX highly desiresto be flown during the months of March-May
or September-October due to enhanced probability for dust events in the Mediterranean ROI (where peak
intensity and activity of desert aerosols occur during the spring and fall). If mission operations occur
during the months of July or August, then the Atlantic ROl will be enlarged to 25 N (where dust plumes
migrate during this period). ®[cr5845 |

THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-1 LAUNCH W NDOW ( CONTI NUED)

C. THE PREDI CTED USABLE MAI N PROPULSI ON SYSTEM (MPS) RESI DUALS
AT NOM NAL MAI N ENG NE CUTOFF (MECOY MUST BE CGREATER THAN OR

EQUAL TO 2.93-SI GVA PLUS MEAN I N- FLI GHT PERFORVMANCE RESERVE.
®[CR 5556A |

Ascent Performance Margin (APM) can be reduced from the standard 3-sigma value to 2.93-sigma. This
reduction protects all Range Safety constraints and meets the payload altitude requirements defined in
the CIP (150 circular). Thisreductionin APM is equivalent to a 3-feet/second under speed and this can
be made up with the existing Orbital Maneuvering System (OMS) and forward RCS propellant margin.
This 3-fps under speed reduces the MECO apogee from 153 to 151.5 nmwhich is the payload minimum
altitude constraint. Thus, all performance margins and LOX drainback times on launch day will be
computed using the 2.93-sigma level. ®[CR5556A ] ®[CR5868A |

D. THE STANDARD LAUNCH W NDOW GRAPH | S SHOMN AS TABLE
107_2A-1-1.

E. THE LAUNCH W NDOW DI G TAL DATA IS SHOMN AS TABLE 107_2A-1-11.
TH'S RULE CONTI NUED ON NEXT PAGE
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LAUNCH W NDOW ( CONTI NUED)

107 _2A-1

COMPCSI TE LAUNCH W NDOW GRAPH
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107_2A-2 LAUNCH COW T CRI TERI A

THE FOLLOW NG PAYLOAD REQUI REMENTS ARE MANDATORY TO COWM T THE
ORBI TER TO LAUNCH AND ARE EFFECTI VE UNTIL T-9 M NUTES AND
COUNTI NG, OR AS DI CTATED BY LCC EFFECTIVITY: epDN74 ]

A.  ORBI TER LCC REQUI REMENTS DRI VEN BY PRI MARY PAYLOAD ACTI VI TI ES
PER THE STS-107 M NI MUM EQUI PMENT LI ST (VEL):

1. ONE OF TWO PAYLOAD (PL) COMMUNI CATI ON STRI NGS ( PF
MDM PSP/ MTU FREQUENCY Dl VI DER)

Orbiter Generic LCC requires two of two PF MDM’ s for payload bay door closure but the Payload
Sgnal Processor (PSP) requirement is mission dependent. For STS-107, Spacehab requires a payload
communication string, which includes a PSP and its associated payload MDM. String 1 accepts serial
commands from the orbiter GPC via payload MDM PF1, and string 2 accepts serial commands from the
orbiter GPC via payload MDM PF2. There are three frequency dividers but only two provide clock
signals for PSP command capability. Frequency divider 1 provides clock signals for PSP1 command
capability and frequency divider 2 provides clock signals for PSP2 command capability.

DOCUMENTATION: LCC DPS-03, BFS09, INS03, STS107 MEL.
2. PF1 MDM DI SCRETE OUTPUT CARD 14 TO SPACEHAB e[crs621 ]

Discrete Output High (DOH) card 14 channd 2 provides a single command interface to critical Spacehab
subsystems and is required to support Spacehab operations. Failure of this card to a high state will cause
an FSS Arm indication and subsequent Main Power Kill. Spacehab also utilizes PF1 MDM Discrete
Output Low (DOL) card 0 channel 2 and PF2 MDM DOH card 2 channel 2. Critical system hardwareis
controlled by PF1 MDM Card 0, but all hardware can be recovered with on-orbit IFM’s (FD1 IFM will be
required in order to complete SH Activation) and an LCC was not deemed appropriate. The PF2 MDM
card 2 cannot be detected for a failure to either a low or high state and therefore an LCC could not be
written. The PF2 MDM card 2 failure to the high state will issue a FSS Discharge command, but the
command will have no effect unless the FSSisarmed at that time. ®[crR5537 |

DOCUMENTATION: LCC RDM-06. ®[CR5537 ] ®[CR5621 ]
3. MUY GV | R G B CONVERTER/ PTB

The Master Timing Unit (MTU) supplies GMT and MET to various downstream users, including
payloads via the Payload Timing Buffer. The Miniature Satellite Threat Reporting System (MSTRS)
Spacehab payload is the driver for this LCC since it receives GMT directly from the Payload Timing
Buffer fromthe GMT IRIG-B converter and cannot use MET. Therefore, if the GMT IRIG-B converter
fails, MSTRSwill not have timetag information and resultsin loss of nearly all MSTRS science
objectives. Refer to Rule {107_7A-3}, LOSS OF ORBITER MASTER TIMING UNIT (MTU)/PAYLOAD
TIMING BUFFER, for additional impacts that do not directly affect launch go/no-go decisions.

DOCUMENTATION: LCCINSO03, STS107 MEL. ®DN74 ]
THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-2 LAUNCH COW T CRI TERI A ( CONTI NUED)

4., PAYLOAD DATA | NTERLEAVER W TH ElI THER THE PRI MARY OR
BACKUP DECOM LOCKED. @pDN74 ]

The Payload Data Interleaver (PDI) provides the only source of telemetry to the orbiter General Purpose
Computer (GPC) or downlink for operation of the Spacehab system. With either the primary DECOM
(DECOM 1) or backup DECOM (DECOM?2) locked, the crew will be able to monitor safety critical
parameter s through the Backup Flight System (BFS). The ground has the capability to determine the
state of the safety critical parameters through other means in the event of a failure of the primary
DECOM.

DOCUMENTATION: LCC RDM-04, STS-107 MEL.
5. ORBI TER BUS REQUI REMENTS:
a. PR PL
b. PL AFT M\B

The primary payload bus and PL Aft Main Bus B (MNB), and PL cabin buses provide power to Spacehab
equipment and experiments. The PL AC2 and AC3 buses are not active prelaunch, but the orbiter AC
buses providing power to these PL AC buses are covered by the Generic Orbiter LCC. PL CAB 2 and
PL CAB 3 arerequired by Spacehab, but the only insight into PL CAB 2 and PL CAB 3 is the switch
position.

DOCUMENTATION: LCC EDPC-03, EDPC-04, RDM-05, RDM-06, STS-107 MEL.
6. TWO OF TWDO FLOW PROPORTI ONI NG MODULE ( FPM

Two Flow Proportioning Valves (FPV's) in Payload Heat Exchanger (PLHX) are required during
Spacehab operations.

DOCUMENTATION: LCC ECL-40, STS-107 MEL.

B. COMWAND AND TELEMETRY PROCESSI NG CAPABI LI TY MJUST BE
OPERATI ONAL OR HAVE AN ESTI MATED TI ME TO RETURN TO OPERATI ONS
BY SPACEHAB ACTI VATI ON TO ENABLE GROUND COMVANDI NG AND
MONI TORI NG OF CRI TI CAL SUBSYSTEMS DURI NG ON- ORBI T OPERATI ONS.

Ground commanding is required to configure Spacehab systems and to control experiment operations.
The ability to throughput and process downlink data is required to monitor critical Spacehab systems
and to collect experiment data.

C. FREESTAR, S| MPLEX, AND RAMBO HAVE NO LAUNCH COW T CRI TERI A
®DN74 ]
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107_2A-3 LAUNCH TURNAROUND

A

FOR A LAUNCH DELAY OF 24 HOURS FROM THE I NI TI AL LAUNCH
ATTEMPT, THE M DDECK MJST BE ACCESSED TO REPLACE SPACEHAB
M DDECK EXPERI MENTS. @pDN18 ]

FOR A LAUNCH DELAY OF 48 HOURS FROM THE I NI TI AL ATTEMPT
(1. E., TWO CONSECUTI VE LAUNCH ATTEMPTS SCRUBBED), THE

M DDECK AND SPACEHAB MODULE MUST BE ACCESSED TO REMOVE,
REFURBI SH, AND REPLACE EXPERI MENTS.

Some middeck payloads can only sustain the initial planned launch attempt. For a 1 day delay after the
payl oads have been installed, they must be replaced to support a second launch attempt. If launchis
delayed by 48 hours or more (two consecutive launch attempts scrubbed), there are middeck payl oads
which must be removed, refurbished, and reinstalled prior to a subsequent launch attempt. In addition,
there are also payloads in the Spacehab module that must be removed, refurbished, and reinstalled.
Reference the Spacehab CIP (NSTS 21426) for specific payloads which require refurbishment or
replacement following two consecutive launch attempts.

C.

FREESTAR HAS NO LAUNCH SCRUB TURNAROUND REQUI REMENTS.
®DN18 ]
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ASCENT/ ENTRY/ POST- LANDI NG

107 _2A-11 RESERVED epDN19 ]

107_2A-12 SUBSONI C PI LOT FLI GHT CONTROL

AT THE DI SCRETI ON OF THE COMVANDER (CDR), THE PILOT (PLT) MAY FLY
CONTROL STI CK STEERI NG (CSS) FROM THE BEGQ NNI NG OF SUBSONI C
FLIGHT WTH THE FOLLOW NG CONSTRAI NTS: @[cr5478 ]

A. THE CDR WLL FLY THE ORBI TER FROM 10 SECONDS PRI OR TO HAC
| NTERCEPT THROUGH THE | NI TI AL ROLL ONTO THE HAC.
B. THE CDR WLL FLY FROM A HAC TURN ANGLE OF 90 DEGREES THROUGH
LANDI NG ROLLQUT.
C. VWHEN CSS | S ENGAGED, ONBOARD GUI DANCE COVWANDS W LL BE
FOLLOVED.
D. THE CDR WLL FLY (NO TRANSFER OF CONTROL) FOR THE FOLLOW NG
CASES:
1. | F THE MCC RECOMVENDS “ DELAYED CSS PREFERRED’ PER RULE
{A4- 156}, HAC SELECTI ON CRI TERI A @D ]
2. SYSTEMS OR NAVI GATI ON PROBLEMS THAT REQUI RE CSS, PER
RULES {A2- 261}, ENTRY DTQ AUTO MODE/ CROSSW ND DTO NO GO,
AND { Ad- 208}, ENTRY TAKEOVER RULES efED ]
3. VEH CLE ENERGY PROBLEMS REQUI RING A GROUND CONTROLLED
APPROACH ( GCA)
4., RTLS/ TAL/ ECAL/ ELS ABORTS
5. BFS ENGAGED
6. ANY GU DANCE, NAVI GATI ON, OR FLI GHT CONTROL SYSTEM S)
FAILURE (E. G, CDR HUD) THAT | NCREASES THE PROBABI LI TY OF
A TRAJECTORY TRANSI ENT RESULTI NG FROM THE TRANSFER COF
CONTROL (MCC CALL). LGOSS OF A SINGE STRI NG OF
REDUNDANCY | N ANY SYSTEM (E. G, ONE AA, ONE FCS CHANNEL,
ONE RHC CHANNEL, ETC.), WTH NO OTHER FAI LURES, |S NOT
CAUSE FOR PRECLUDI NG TRANSFER OF CONTROL. @[cr5478 ]
THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-12 SUBSONI C PI LOT FLI GHT CONTRCL _ ( CONTI NUED)

7. | F THE MCC RECOWENDS NO- GO FOR PLT FLYI NG BASED ON HAC
DYNAM CS (E. G, TAIL WNDS > 80 KNOTS AT HAC | NTERCEPT)
®[CR5478 |

E. THE PLT IS THE BACKUP TO THE CDR FOR ANY FLI GHT PHASES
REQUI RI NG CSS CONTROL. | F REQUI RED FOR VEH CLE SAFETY, THE
CDR MAY TRANSFER CONTROL TO THE PLT AT ANY TI ME.

Allowing the PLT to fly for a short period of time during entry enhances training and better prepares the
pilot for future orbiter flying tasks. Theintent of thisruleisto allowthe PLT to fly for approximately 20
seconds during a single period, either prior to HAC intercept or once established on the HAC prior to
the 90. During a normal entry, thereis sufficient time following the end of the transonic buffet to allow
the PLT to control the orbiter and still allow the CDR sufficient time to complete the more critical
maneuvers such as the initial roll onto the HAC and lining up on final. When CSSis engaged, onboard
guidance will be followed, and no inputs will be made other than those required to fly to the glideslope
and course centerline, or otherwise ensure a safe landing.

There are some casesin which it is not prudent to allow the PLT to have this training time, however. |If
the 6 degree of freedom entry simulation as explained in Rule {A4-156}, HAC SELECTION CRITERIA,
indicates that delaying CSSuntil a HAC turn angle of 180 degreesis preferred, the CDR should fly from
CSSinitiation through rollout. For these HAC cases, energy stops diverging at the 180 degree point and
beginsto slomy recover. Handing control of the vehicle between the CDR and PLT in thistimeframeis
not prudent, since the vehicle energy is already lower than typical and the time to correct any energy
problemsisdiminished. Likewise, a vehicle problem as outlined in Rules {A2-261}, ENTRY DTO/AUTO
MODE/CROSSWIND DTO GO/NO-GO, or {A4-208}, ENTRY TAKEOVER RULES requires significant
concentration on the flying task, and a handover of control isinappropriate. Systems failures that would
invoke thisrule are two AA failures, no or single air data, no yaw jet flight control mode, or a navigation
system anomaly that affects the vehicle energy state (GCA). In the event of an abort, flight control
handovers between CDR and PLT should be avoided due to the increased risk inherently associated with
the abort, and to eliminate the possibility of introducing any handover dispersions to an already
challenging abort landing. The transfer of control is assumed to have an insignificant impact on the
vehicle trajectory and energy state, although arguably that impact is non-zero. That is, in most cases it
isnearly impossible to transfer vehicle control without introducing some very small transient, which for
the nominal caseis acceptable. However, the transfer of control is not warranted for any guidance,
navigation, or flight control system(s) problem(s) that could cause a transfer of control to result in more
than an insignificant impact on the trajectory. Additionally, for certain HAC dynamics (e.g., high tail
winds at HAC intercept), the flying task requires more setup time prior to HAC intercept, and more time-
critical inputs before, during, and after HAC intercept. In these cases, vehicle energy state can beless
forgiving for delayed piloting response (at HAC intercept, and for thefirst 180 deg of HAC), and
transfer of vehicle control is not warranted. ®[ED ]

Flight crews are trained preflight to transfer control positively and verbally in a CRM environment. Any
time that a situation occurs that detracts from the CDR's abhility to fly the vehicle, it is acceptable for the
CDRto hand control of the vehicle over to the PLT, regardless of the constraints imposed by thisrule.
®[CR5478 ]
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107_2A-13 TAL/ ACA OPS 3 TRANSI Tl ON

|F A GPC FAILS WH LE COWANDI NG RCS JETS TO FI RE, THE AFFECTED
STRING WLL ElI THER BE NOT ASSI GNED DURI NG THE TAL/ ACA OPS 3
TRANSI TI ON OR THE AFFECTED MDM S W LL BE PONER- CYCLED PRI OR TO
THE TAL/ ACA OPS 3 TRANSI TI ON. @®[CR5526 |

Flight Software DR 110886 documents conditions that can cause uncommanded RCSjet firingsin OPS 3
if a GPC fails while commanding RCSjetsto firein OPS1. To avoid this condition, the affected string
will not be assigned to the TAL/AOA OPS 3 transition. If the string is to be assigned to the OPS 3
transition, a power-cycle of the affected MDM isfirst required to clear the jet commands. ®[cr5526 ]
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107_2A- 14

LOSS OF ET LOX LI QUI D LEVEL CONTROL SENSORS

I N THE PRELAUNCH TI MEFRAME: @[CR5575A ]

A, FOR THE LCSS OF THE FI RST 100 PERCENT ET LOX LI QUI D LEVEL
CONTROL SENSCR, NO MCC ACTION | S REQUI RED, REGARDLESS OF VWHEN
THE FI RST SENSCR FAl LS.

B. LOSS OF A SECOND 100 PERCENT ET LOX LI QU D LEVEL CONTRCL
SENSOR WLL RESULT | N THE TRANSFER OF ET LOX LOADI NG CONTROL
TO THE 100. 15 PERCENT SENSCR

1.

FOR CONTROL TRANSFER TO 100. 15 PERCENT SENSOR PRI OR TO
L-25 M NUTES:

a.

ARD AND LAUNCH W NDOW DATA W LL BE BASED ON A 100. 15
PERCENT LOX LQOADI NG ESTI MATE (W TH ADJUSTMENT FOR
ADDI TI ONAL DRAI NBACK TI ME, AS APPLI CABLE) .

| E STABLE REPLENI SH USI NG THE 100. 15 PERCENT SENSOR
| S REACHED PRI OR TO L-1:20 HOURS, THE LOX LOADI NG
ESTI MATE W LL BE GENERATED USI NG PLOAD.  OTHERW SE,
“NO PLOAD’ LOADI NG ESTI MATES W LL BE USED ( PER RULE
{A2-7C}, DAY- OF- LAUNCH ET LOAD DATA) DUE TO MCC
OPERATI ONAL PROCESSI NG TI MELI NE CONSTRAI NTS.

ADDI TI ONAL DRAI NBACK TI ME SHALL BE I NSERTED | NTO THE
TI MELI NE AFTER THE START OF DRAI NBACK AS SPECI FI ED BY
THE DOLI LU OPERATI ONS SUPPCORT PLAN. FD W LL

COORDI NATE THE | NSERTI ON OF THE ADDI TI ONAL DRAI NBACK
TIME, | F ANY, WTH NTD.

FOR CONTROL TRANSFER TO 100. 15 PERCENT SENSOR AFTER L- 25
M NUTES:

a.

b.

ARD CALCULATI ONS W LL NOT BE UPDATED.

ADDI TI ONAL DRAI NBACK TI ME W LL NOT BE | NSERTED | NTO
THE TI MELI NE.

MCC WLL BE NO- GO FOR LAUNCH UNTIL THE PSI G
REPRESENTATI VE | N THE MER VALI DATES THAT THE MEASURED
ULLAGE PRESSURE DCES NOT EXCEED 0. 255 PSI ABOVE THE

TDDP NOM NAL LOAD ULLAGE PRESSURE COF 0.781 PSI G e[cr
5575A ]
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107_2A- 14 LOSS OF ET LOX LI QUI D LEVEL CONTROL SENSORS
( CONTI NUED)

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using a 100 percent sensor which subsequently failswill remain valid after a switch to the second 100
percent ET LOX liquid level control sensor. Therefore, switching liquid level control from one 100
percent sensor to the second 100 percent sensor does not invalidate the original PLOAD loading
estimate. ®[CR5575A |

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using either 100 percent sensor is not accurate in the event of a later failure of both 100 percent LOX
liquid level control sensors and subsequent fill to the 100.15 percent sensor per LCC ET-10. The ET
Project has requested DOSSto rerun PLOAD or revert to 100.15 percent MPSinventory loading
estimates. A rerun and QA of PLOAD loading updates, nominal mission performance margin, and
launch window impacts requires approximately 40 minutes. KSC Ground Operations is unable to accept
launch window updates after L-39 minutes. However, FDO and ARD support should reflect the best
possible estimate of the true LOX loading. Therefore, these el ements will reconfigure to reflect LOX
loading to the 100.15 percent MPSinventory values, if the failover occurs after the latest time to rerun
PLOAD (about L-1:20 hour) and prior to L-25 minutes, regardless of whether or not the KSC launch
window is updated.

For any level sensor failure after L-25 minutes, no action is required by the MCC. A late sensor failure
(either thefirst or the second) may result in an underload of approximately 1,100 pounds of LOX, which
still meets LCC ET-10 launch requirements. This equates to approximately 15 fps of ascent performance
margin. STS107 Ascent Performance Margin is sufficient to ensure a guided nominal MECO for a
launch in this condition. However, a launch with an underload of this magnitude will result in TAL and
ATO abort boundary calls being made approximately 15 fps early. The program accepts thisrisk due to
its low probability of occurrence.

In the event of a failure of both 100 percent sensors and failover to a fill to the 100.15 percent sensor
failure, no additional drainback time will be added to the countdown. The requirement for the additional
drainback to the 100 percent level has been waived through a mission-specific analysis.

Late failover to a LOX tank fill controlled by the 100.15 percent (after failure of both 100 percent level
sensors) will require verification that the LOX loading is consistent with MPS inventory loading
estimates. The MPSinventory is protected if the ullage pressureis less than 1.036 psi. Ullage pressure
above this limit indicates an underload of a magnitude beyond that covered in the FPR. The value of
1.036 psi is derived by adding the ullage pressure used in deriving the inventory (.781 psi) to a tolerance
that is protected by FPR (.255 psi). ®[CR5575A ]
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ORBI' T

PRI ORI TI ES AND M SSI ON DURATI ON

107_2A-21 H G4 PRIORI TY FLI GAT OBJECTI VES/ M NI MUM DURATI ON
FLI GHT

A. M N MUM DURATI ON FLI GHT (MDF) WLL LAST APPROXI MATELY
72 HOURS W TH LANDI NG ON THE MORNI NG OF FD4 PER RULE
{A2-102}, M SSI ON DURATI ON REQUI REMENTS. eEp |

The MDF has a nominal minimum length of approximately 72 hours. The term * approximately

72 hours’ isused to allow for utilization of primary landing site (PLS) and secondary landing site
(SLS) landing opportunities which occur during a given flight day. The minimum duration is set at the
number of days normally required to ensure a good probability of having a healthy crew for entry and
landing and to provide the opportunity to accomplish activities that could enhance orbiter entry/landing
conditions. The payload/experiments must be considered secondary to vehicle/crew safety and are not
sufficient grounds for mission continuation. FD4 landing is the standard MDF duration. The MDF
timeline must allow for Flight Control System (FCS) C/O, RCS hot fire, and cabin stow.

B. EXPERI MENT OPERATI ONS MAY CONTI NUE UP TO THE NOM NAL
DEACTI VATI ON TI ME DEFI NED | N THE ENTRY DAY Tl MELI NE ON A
NONI NTERFERENCE BASI S W TH ORBI TER OPERATI ONS | N PREPARI NG
FOR DEORBI T AND ENTRY.

Nominal experiment deactivation will be scheduled to preserve sufficient time for orbiter preparation for
deorbit and entry. Experiments may be performed before and up to this time on a noninterference basis.
Spacehab middeck experiments are considered part of Spacehab and would be deactivated at the same
time the modul e is deactivated.

C. |IF ONORBIT OPERATI ONAL CONFLI CTS EXIST WTH N THE STRUCTURE
OF AN MDF, THE CONFLI CTS W LL BE RESOLVED ACCORDI NG TO THE
PRI ORI TI ES DEFI NED I N RULE {107_2A-22}, ON-ORBI T GENERAL
PRI ORI TI ES. SECONDARY FLI GHT OBJECTI VES MAY BE ACCOVPLI SHED
WTH N THE STRUCTURE OF AN MDF AS LONG AS THEY DO NOT
| NTERFERE W TH OR JECPARDI ZE THE H GH PRI ORI TY FLI GHT
OBJECTI VES.
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107_2A- 22 ON- ORBI T GENERAL PRI ORI Tl ES

| F ON-ORBI T OPERATI ONAL CONFLI CTS EXI ST, THE CONFLI CTS WLL BE
RESCLVED ACCORDI NG TO THE FOLLOW NG PRICRI TI ZATION. PRIORITY

W LL BE G VEN TO SATI SFYI NG M Nl MUM REQUI REMENTS FOR ALL
PAYLQADS, AS DEFINED I N RULES {107_19A-1}, SPACEHAB M NI MUM

M SSI ON OBJECTI VES, AND {107_20A-1}, FREESTAR M NI MUM M SSI ON
OBJECTI VES, OVER H GHLY DESI RED REQUI REMENTS FOR H GHER PRI ORI TY
PAYLQADS. @pDN20 ]

A, CREW SAFETY

B. SPACEHAB COMMERCI AL SPONSORED PAYLOADS

1.

2
3
4.
5
6

~

10.

ADVANCED RESP| RATORY MONI TORI NG SYSTEM ( ARVB)

CLOSED EQUI LI BRATED Bl OLOG CAL AQUATI C SYSTEM ( CEBAS)

M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MSTRS)
COVMERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROWTH ( CMPCQ)
COVBI NED 2 PHASE LOOP EXPERI MENT ( COVRPLEX)

SPACE TECHNOLOGY AND RESEARCH STUDENTS BOOTES ( STARS
BOOTES)

STAR NAVI GATI ON ( STARNAV)
OSTEOPOROSI S EXPERI MENT | N ORBI T ( OSTEO)

EUROPEAN RESEARCH | N SPACE AND TERRESTRI AL OSTEOPORCSI S
(ERI STO

PHYSI OLOGY AND Bl OCHEM STRY 4 ( PHAB4)

a. ENHANCED ORBI TER REFRI GERATOR/ FREEZER ( EOR/ F)
b. THERMCELECTRI C HOLDI NG MODULE ( TEHM

c. CENTRI FUGE e@pN20 ]
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107_2A-22 ON- ORBI T GENERAL PRI ORI TI ES ( CONTI NUED)

C. ESA/ NASA SPONSORED PAYLOADS
1. Bl OPACK
2. FACILITY FOR ADSORPTI ON AND SURFACE TENSI ON ( FAST)
3. ADVANCE PROTEI N CRYSTALLI ZATI ON FACI LI TY ( APCF)
4. Bl OBOX
D. NASA/ | SS SPONSORED PAYLOADS
VAPOR COVPRESSI ON DI STI LLATI ON ( VCD)
E. NASA/ CODE U SPONSORED PAYLOADS
1. COVBUSTI ON MODULE-2 (CM 2)
a. LAM NAR SOOT PROCESS (LSP)

b. STRUCTURE OF FLAME BALLS AT LOW LEW S- NUMBER
( SOFBALL)

c. WATER M ST

d. SPACE ACCELERATI ON MEASUREMENT SYSTEM FREE FLYER
(SAMB FF)

e. ORBI TAL ACCELERATI ON RESEARCH EQUI PMENT ( QARE)
®DN20 ]

MECHANI CS OF GRANULAR NMATERI ALS ( MGV

Bl OREACTOR DEMONSTRATI ON SYSTEM 05 ( BDS- 05)

M CROBI AL PHYSI OLOG CAL FLI GHT EXPERI MENT ( MPFE)
SLEEP- 3

o o~ 0w BN

ASTROCULTURE PLANT GROMH CHAMBER (AST-10/1)

THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-22 ON- ORBI T GENERAL PRI ORI TI ES ( CONTI NUED)

7. ASTROCULTURE GLOVEBOX (AST-10/2)

8. COMWVERCI AL PROTEI N CRYSTAL GROMH - PROTEI N
CRYSTALLI ZATI ON FACI LI TY ( CPCG PCF)

9. COWERCI AL | TA Bl OVEDI CAL EXPERI MENT (Cl BX) @pDN20 ]
10. ZEOLI TE CRYSTAL GROMH 1 (ZCG 1)

11. FUNDAVENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH- 2
( FRESH- 2)

12. GRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS ( Bl OTUBE/ MFA)
13. BI OLOG CAL RESEARCH | N CANI STERS (BRI C)
F. FREESTAR PAYLOADS
1. MEDI TERRANEAN | SRAELI DUST EXPERI MENT ( MEI DEX)
2. SOLAR CONSTANT EXPERI MENT-3 ( SOLCON 3)
3. SHUTTLE OZONE LI MB SOUNDI NG EXPERI MENT- 02 ( SOLSE- 02)
4. CRITICAL VI SCOSI TY OF XENON-2 (CVX-2)
5. LOW POWER TRANSCEI VER ( LPT)
6. SPACE EXPERI MENT MODULE ( SEM
G S| MPLEX
H  DTO 700-14 MAGR GPS

The TEHM is used by both the PHAB4 and VCD experiments, but is listed under the highest priority
payload it supports. Detailed Supplementary Objectives (DSO’'s) manifested for this flight have no real-
time requirements (i.e., only pre and post-flight requirements) and are, therefore, not listed in thisrule.
RAMBO has no real-time requirements except for state vectors. ®[CR5622 ] ®[CR5633 ]

DOCUMENTATION: STS107 FRD (NSTS 17462-107), PRD for Spacehab Commercial Payloads

(NSTS 21464), PRD for ESA Payloads (NSTS 21459), PRD for Code U Payloads (NSTS 21463).
®DN20 ]
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107_2A- 23 ON- ORBI T_PROPELLANT PRI ORI TI ES
PROPELLANT PRI ORI TI ES FOR CONSUMABLES LI M TED SI TUATI ONS, HI GHEST
PRI ORI TI ES FI RST ARE:
TABLE 107_2A-23-1 - PROPELLANT PRI ORI TIES
PRIORITY FLIGHT ACTIVITY NOTES
1 NOMINAL OMS/RCS REDLINES (PROTECTS 1-1 REF RULE {A2-108}, CONSUMABLES MANAGEMENT
DEORBIT OPPORTUNITIES
MINIMUM DURATION FLIGHT
WEATHER WAVEOFF EXTENSION DAY (PROTECTS | THE WEATHER WAVEOFF EXTENSION DAY IS
2-1-1 DEORBIT OPPORTUNITIES) LOWER PRIORITY THAN THE MINIMUM ALTITUDE
REQUIRED FOR PRIMARY PAYLOAD ACTIVITIES.
REF RULE {A2-108C}, CONSUMABLES
MANAGEMENT.
4 NOMINAL MISSION DURATION EXTEND MISSION DURATION IN FLIGHT DAY
INCREMENTS PAST MDF, UP TO NOMINAL.
ADDITIONAL DAYS WILL INCLUDE NOMINALLY
PLANNED ACTIVITIES (ATTITUDE MANEUVERS,
ATTITUDE HOLD, ETC.). REF RULE {A2-108},
CONSUMABLES MANAGEMENT.
5 PROVIDE ADDITIONAL DEORBIT ATTEMPTS UP TO PROVIDING 2-2-2 (TWO ATTEMPTS ON THREE
2-2-2 CONSECUTIVE DAYS) REQUIRES AN ADDITIONAL
TWO REVS OF WAVEOFF ABOVE 2-1-1
CAPABILITY.
6 RAISE AND/OR CIRCULARIZE ORBIT AS HIGH AS ALL PROPELLANT MARGIN ABOVE FULL MISSION
POSSIBLE UP TO NOMINAL ALTITUDE DURATION AND ACTIVITIES WILL BE ALLOCATED
TO RAISING THE ORBIT AND/OR CIRCULARIZING
THE ORBIT AS HIGH AS POSSIBLE UP TO THE
NOMINAL MISSION ALTITUDE OF 150 NM.
ET PHOTOGRAPHY MANEUVERS THE SSP STRONGLY DESIRES ET PHOTOGRAPHY.
OMS ENGINE FAIL REF RULES {A6-303}, OMS REDLINES [CIL];
{A6-304}, FORWARD RCS REDLINES; AND
{A6-305}, AFT RCS REDLINES. OMS ENGINE FAIL
PROTECTION FOR THE DEORBIT WAVEOFF
EXTENSION DAY MAY BE DELETED IN FAVOR OF
HIGH PRIORITY FLIGHT OBJECTIVES.
9 ADJUST ORBIT FOR ADDITIONAL LANDING PROPELLANT BEYOND WHAT IS REQUIRED FOR
OPPORTUNITIES PRIMARY MISSION OBJECTIVES MAY BE USED TO
PERFORM ORBIT ADJUST BURNS TO GAIN
ADDITIONAL LANDING OPPORTUNITIES.
10 SIMPLEX
®DN11 ] ®CR5519 ] ®[ED ]
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107_2A-24 ON- ORBI T NON- PROP. CONSUVABLES PRI ORI Tl ES

THE PRIORI TIES FOR O, Hp, AND Np CONSUMABLE LI M TED S| TUATI ONS,
H GHEST FI RST, ARE:

A.  CONTI NGENCY RESERVES, MEASUREMENT ERROR, ETC., FROM THE
APPROPRI ATE SHUTTLE REDLI NE RULES | N VOLUME A

Reference Rule {A9-257}, PRSD H2 AND O2 REDLINE DETERMINATION. Theseredlinesinclude a
2-1-1 shuttle deorbit opportunity plus minimum power level requirements for a safe landing and other
contingency reserves. Consumables for one contingency EVA for payload bay door closure would
come out of these redlines and is not implicitly bookkept as a separate lineitem. ®[ED ]

B. M N MUM DURATI ON FLI GHT

Minimum duration flight has a nominal length of approximately 72 hours, including on-orbit time,
ascent, post-insertion, deorbit prep, and entry.

C. NOM NAL M SSI ON DURATI ON AND PLANNED ACTI VI TI ES

Nominal mission duration of 16 days. Planned mission activities for STS-107 include consumables for
3.5 hours of post-landing power. Planned mission activities are documented in the Flight Plan (JSC-
48000-107) and FRD (NSTS 17462-107). The post-landing power reguirements are documented in the
Soacehab Flight Planning Annex 2, Part 1 (NSTS21426). ®DNgo ]

D. ADD TI ONAL SHUTTLE DEORBI T OPPORTUNI TI ES TO 2-2- 2.

This requires approximately 4.5 Ibm H2 and 27.5 Ibm Oo.
E. ADD TI ONAL DTV USE ABOVE THE M NI MUM MElI DEX REQUI REMENTS.

5.66 kwWh of cryo have been budgeted for DTV operation in support of MEIDEX video requirements.
Additional use of the DTV system may be possible if cryo margins and priorities allow. Worst case
power levels for DTV operations are 39 W for recording (DTV multiplexer not powered) and 73 W
for playback. Procedural treatment of DTV leaves the equipment deactivated except during periods
of frequent use. DTV will nominally operate 15 days in support of MEIDEX with worst case 5-7

hours/day powered to support recording and another 1-2 hours/day to support video playback.
®DN8 ] ®CR5538 |
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107_2A- 24 ON- ORBI T NON- PROP CONSUMABLES PRI ORI Tl ES
( CONTI NUED)

F. ADDI TI ONAL OPERATI ON OF OQARE BEYOND I TS M NIl MUM SUPPORT
REQUI REMENTS FOR CM 2 SOFBALL. @[crs5538 ]

OARE draws 120 W average power. 15.61 kWh of cryo have been budgeted for OARE required
operations which include power for ascent, a 24 hour period prior to CM-2 SOFBALL operations, and
during CM-2 SOFBALL operations. The Payload Recorder draws 17 W in standby, 56 W in record, and
84 W in playback. 6.7 kwh have been allotted for required recording of OARE data by the Payload
Recorder and its associated playback which include a 4 hour period during the 24 hour period prior to
CM-2 SOFBALL and from 30 minutes prior to until 30 minutes after each CM-2 SOFBALL microgravity
period. SOFBALL operates for approximately 5 days and includes 15 microgravity periods ranging
from 1.5 - 4 hoursin duration. Additional highly desired operation of OARE includes the first 24 hours
of the mission and during CM-2 WATER MS T operations (approximately 2.52 kwh and 8.16 kwWh
additional, respectively). OARE highly desires recording and playback of all OARE data by the Payl oad
Recorder. Power requirements for additional Payload Recorder operation will need to be calculated in
real time. ®[CR5538 ]
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107_2A- 25 REPLAN STRATEGY epDN21 ]

A, GENERAL

1.

PAYLOAD OBJECTI VES THAT ARE NOT COVPLETED AS PLANNED DUE
TO A PROBLEM W TH THE PAYLOAD (E. G, HARDWARE, SCOFTWARE,
| NSUFFI CI ENT TI ME ESTI MATES, ETC.) WLL BE REPLANNED

W TH N THAT PAYLOAD S RESOURCE ALLOCATI ON. THI S | NCLUDES
ANY TROUBLESHOOTI NG, | N- FLI GHT MAI NTENANCE (1 FM
PROCEDURES, REPEAT OF LOST RUNS, ETC. |F THE PAYLOAD S
M NI MUM REQUI REMENTS CANNOT BE MET WTHIN I TS OMN
ALLOCATI ON, THE SPACEHAB PROCGRAM MANAGER OR HI TCHHI KER
OPERATI ONS MANAGER FOR FREESTAR MAY ELECT TO | MPACT
EXPERI MENTS W TH N THEI R PAYLOAD COVPLEMENT TO RECOVER
LCST OBJECTI VES FOR A H GHER PRI ORI TY PAYLQAD.

PAYLOAD OPERATI ONS I N PROGRESS THAT ARE RUNNI NG LONGER
THAN EXPECTED AND ARE DI FFI CULT TO RESCHEDULE (E. G,

ATTI TUDE TI MELI NE DEPENDENT, KU- COVERAGE, TI ME-CRI TI CAL
SCl ENCE EVENT, ETC.) MAY BE ALLOAED TO COWPLETE AS LONG
AS OTHER PAYLOAD ACTI VI TI ES | MPACTED BY THE DELAY CAN BE
DELAYED OR RESCHEDULED.

| F AN ORBI TER ANOMALY, ACTIVITY, OR OTHER EVENT RESULTS
IN THE LGSS OF OBJECTI VES FOR MULTI PLE PAYLQADS, M SSED
OBJECTI VES W LL BE RESCHEDULED | F REQUESTED BY THE
CUSTOVER. RESCHEDULI NG OF Ml SSED OBJECTI VES W LL

M N M ZE CHANGES TO ORI A NALLY PLANNED ACTI VI Tl ES.

CONFLI CTS WLL BE RESOLVED BASED ON THE PRI ORI Tl ES

| DENTI FI ED I N RULE {107_2A-22}, ON ORBI T GENERAL
PRIORITIES, TO ATTEMPT TO MEET THE M NI MUM REQUI REMENTS
FOR ALL PAYLQADS. LONER PRICRITY ACTIVITIES MAY BE
SCHEDULED AT AN EARLI ER TI ME THAN H GHER PRI ORI TY
ACTIVITIES | F REQU RED TO OPTIM ZE THE TI MELI NE AND TOTAL
SCl ENCE FOR THE REMAI NI NG M SSI ON DURATI ON AS LONG AS THE
H GHER PRI ORI TY ACTI VI TIES BASED ON CUSTQOVER | NPUT CAN BE
ACCOMMODATED. @pDN21 ] ®CR5872 ]
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Lost payload objectives due to experiment problems or underestimated task durations will be rescheduled
within that payload' s allocation, preferably at the experiment level since the STS-107 timeline has little
flexibility due to attitude requirements/constraints, microgravity constraints, crew availability, etc.
However, if rescheduling within the experiment’s allocation is not possible, SPACEHAB or FREESTAR
may elect to impact other experiments within their payload complement to recover lost objectives for a
higher priority experiment assuming the appropriate resources are available (attitude timeline, Ku-band
coverage, crewtime, etc.). In some cases, if a payload activity is running longer than planned, it may be
allowed to continue to completion if the overall impact to the timeline is less than if the activity were
rescheduled at a later time as long as other payload activities impacted by the delay can be delayed or
rescheduled. If an orbiter anomaly, activity, or other event that affects multiple payloads resultsin
missed objectives, those objectives may be rescheduled based on customer input. In some cases, the
payload customer may elect to forego missed objectives to maintain the originally planned timeline.

Rule {107_2A-22}, ON-ORBIT GENERAL PRIORITIES will be used to resolve conflicts, in an attempt

to meet minimum mission objectives for all payloads before considering highly desirable objectives.
®DN21 ] ®[CR5872 |

B. LOSS OF KU BAND

1. ACTI VATE ALL AVAI LABLE NASA AND Al R FORCE GROUND STATI ONS
WTH S- BAND FM CAPABI LI TY

Nominally, only two NASA ground stations (MILA, FL and Dryden, CA) support the shuttle S-band FM
downlink. The are eight additional ground stations that can be activated in contingency situations: two
NASA (ESTL, Houston, TX and Wallops Island, VA) and six Air Force (COOK, Vandenberg AFB, CA,
REEF, Diego Garcia, British Indian Ocean Territory; HULA, Kaena Point, HI; GUAM, Andersen AFB,
Guam; PIKE, Colorado Tracking Station, Schriever AFB, CO; and LION, RAF Oakhanger, United
Kingdom). Note that only MILA and Dryden are capable of supporting video downlink.

2. MAXIM ZE TDRS-Z SUPPORT

TDRS-Z support eliminates the shuttle TDRS Zone of Exclusion (ZOE). Eliminating the ZOE alleviates
the need for the Operational Recorder to capture data during the ZOE for later S-band FM downlink.

3. AN IFM WLL BE CONSI DERED TO CONNECT THE SPACEHAB PL
D G TAL DATA STREAM TO THE S- BAND FM SYSTEM

The Spacehab Experiment High Rate data stream is nominally routed as the PL Digital input to Ku-band
Channel 2. In the event of a Ku-band failure, an IFM can be performed to reroute this input to be the PL
Digital input to the Sband FM system. A similar IFM was performed for the Alpha Magnetic
Soectrometer (AMS) payload on STS91. ®pDN21 ]
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4., S-BAND FM DOMNLI NK W LL BE PRI ORI TI ZED AMONG THE
FOLLON NG USERS: @epN21 ]

a. OPS RECORDER DUMPS

b. PL DI G TAL — SPACEHAB EXPERI MENT DATA (I F | FM
PERFORVED)

C. ANALGG VI DEO - SPACEHAB EXPERI MENT AND MElI DEX
d. PL RECORDER DUMPS - QARE DATA
5. UPLI NK/ DOMLI NK OF PAYLQAD FI LES WLL BE DI SCONTI NUED

File uplink/downlink is nominally accomplished using OCA and the KFX software application on the
Ku-band system. The backup method for file uplink/downlink is via modem on an A/G channel utilizing
the MFX software application. Snce transfer rates for MFX are in the range of 1.5 kbps, a 1 Mb file
would take over 11 minutes to transfer. In order to minimize the monopolization of one A/G, nominal
MEX utilization will be limited to execute package uplink. Payload file transfers are nominally
planned for MEIDEX, SOLSE, and Astroculture. MEIDEX data is also recorded on the MEIDEX
PGSC and downlinked in FREESTAR' s PDI data stream. Loss of the ability to downlink MEIDEX files
simply eliminates the ability of the ground to verify that the PGSC is cataloging data correctly.

SOLSE data is also recorded on an experiment hard drive and on the SOLSE PGSC. Loss of the
ability to downlink SOLSE files eliminates the ability of the ground to verify that the PGSC is

catal oging data correctly and also prevents the ground from optimizing experiment operations based
on real-time observation. Loss of the ability to downlink Astroculture files impacts the integrity of
ground control group following.

6. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE DEALLOCATED
FROM S- BAND COVERAGE:

a. EOR/ F
b. TEHM
C. MGV

EOR/F and TeHM S-band downlink is strictly housekeeping data and is not science related; MGM data
is used to validate a future operational concept and is of secondary importance to primary science.
®DN21 ]
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7. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE RETI MELI NED
BASED ON PRI ORI TI ZED SHARI NG OF THE SPACEHAB PDI
DOANLI NK:  @pDN21 ]
a. BI OBOX
b. Bl OPACK
c. COWPLEX

d. FAST/ VI DEO DI G Tl ZER SYSTEM ( VDS)

e. MTRS
f. VCD FE
g CM2

h. STARS- BOOTES

The experiment allocation within Spacehab’s 32 kbps PDI data streamis 25 kbps. Each of the above
experiments can individually fit within that allocation, but not all of them can fit simultaneously.

8. THE FOLLOW NG SPACEHAB EXPERI MENTS DO NOT FIT WTH N THE
SPACEHAB PDI DOMNLI NK, BUT WLL BE ABLE TO SAFELY
CONTI NUE OPERATI ONS AND SCI ENCE GATHERI NG

a. ARVB

b. MDD SAMS
c. BIOIuUBE
d. ZCG

e. ASTROCULTURE
f. BDS-05

The data stream for each of these experiments exceeds the 25 kbps allocation for experiments with the
Spacehab PDI window. They could, however, continue to operate and gather science with significant
replanning. ®DpN21 ]
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9. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE DI SCONTI NUED:
®DN21 ]

STARNAV

10. ALL NOM NALLY PLANNED FREESTAR OPERATI ONS W LL CONTI NUE.
I N ADDI TI ON, THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE

UNAFFECTED
a. FRESH
b. Cl BX
c. OSTEO
d. ERISTO
e. MPFE
f. APCF
g. BRIC
h. COWCG
i. CPCG PCF
j. CEBAS
k. SLEEP
|.  PHAB4

FREESTAR experiments can continue to operate with no science loss. All experiment video and/or data
isrecorded on-board. Loss of Ku downlink only diminishes the ability of the FREESTAR POCC to verify
experiment operation and make changes to optimize science. ®pn21 |
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A.  FOR EXTENSI ON DAYS, THE SPACEHAB MODULE, MODULE EXPERI MENTS,
M DDECK EXPERI MENTS, AND FREESTAR W LL NOM NALLY BE POWERED
DOMN TO THE SURVI VAL POAER CONFI GURATI ON DEFI NED | N RULE
{107_9A-3}, SURVI VAL POWER CONFI GURATI ON. epnsi |

B. NO EXPERI MENT ACTI VI TI ES VH CH REQUI RE ORBlI TER CONSUVABLES
OTHER THAN CRYO AS DEFI NED | N PART A. ABOVE WLL NORVALLY BE
PLANNED. SPACEHAB ACTI VATI ON OR | NGRESS | S NOT' REQUI RED FOR
EXTENSI ON DAYS.

C. FOR EXTENSI ON DAYS, THE ATTI TUDE W LL NOM NALLY BE —-ZLV,
- XW.

Extension days would generally be required only for weather, orbiter, and/or landing site problems that
would benefit from extra time before landing. To prevent further complications, the Spacehab/experiments
should be maintained in a safe, ascent/entry configuration. Excursions from-ZLV, -XVV will occur for
water dumps, end-of-mission thermal conditioning, or other orbiter system related reason. No payload
science will be done during extension days. If Spacehab isre-ingressed and if time permits, experiments
status checks will bedone. ®pns1 ]

Reference Rule {A2-330}, EXTENSION DAY GROUNDRULES. ®[ED ]

107_2A- 27 PAYLOAD GO NO- GO CALLS

A.  SPACEHAB
THE SPACEHAB OPERATI ONS DI RECTOR (SHOD) W LL PROVI DE GO NO- GO
CALLS TO THE PAYLQAD OFFI CER FOR THE FOLLOW NG NOM NAL
M SSI ON EVENTS:
1. SPACEHAB SYSTEMs ACTI VATI ON
2. SPACEHAB ENTRY PREP
B. FREESTAR

THE HH OPERATI ONS DI RECTOR W LL PROVI DE GO NO- GO CALLS TO THE
PAYLOAD OFFI CER FOR THE FOLLOW NG NOM NAL M SSI ON EVENTS:

FREESTAR ACTI VATI ON/ DEACTI VATI ON epn22 ]
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107_2A-41 REAL- TI ME SAFETY COORDI NATI ON

SPACEHAB: EXCEPTI ONS TO RULE {A2-312}, REAL-TIME SAFETY
COORDI NATI ON, | NCLUDE: e[ED ]

NONE | DENTI FI ED

107_2A-42 PAYLOAD RAPI D SAFI NG

A, THE FOLLON NG | TEM5S | N THE SPACEHAB ARE CONSI DERED
PENETRATI ON HAZARDS AND MJUST BE CREW TENDED VHI LE
UNSTONED AND SAFED PRI OR TO CLOSI NG THE SPACEHAB HATCH:
®DN23 ] ®[CR5539A ] ®[CR5555A |

1. CM2 WATER M ST PROPANE BOTTLES, QUANTITY TWO, | NSTALLED
IN EM5S OR STONED | N MESS RACK LOCATI ON PFO4 (EMS FOAM I N
PLACE AND STRAPS 8, 10, 12, AND 13 SECURED)

2. CM2 WATER M ST EMs STOWED | N MESS RACK LOCATI ON PF04
W TH STRAPS 12 AND 13 SECURED OR | NSTALLED IN Cw 2
CHAMBER W TH GUN BOLTS ENGAGED

3. BDS-05 BI OREACTOR ENCLOSURE (BE) | NSTALLED IN AC14 W TH
LOCKER DOOR LATCHED CLOSED

SPACEHAB emergency procedures ensure that all penetrators are safed before the module is egressed.
If time permits, a more nominal egresswill be performed. Reference Rule {A2-329}, SPACEHAB
DEACTIVATION/ENTRY PREP. ®[CR5539A ] ®[ED ]

B. COWPLEX, MSTRS, AND STARNAV MUST BE UNPOWERED PRI OR TO ENTRY
®[CR5555A ] ®[CR5558 |

COM2PLEX, MSTRS, and STARNAYV are SPACEHAB rooftop mounted payloads that present a potential
ignition source for flammable atmosphere assumed to be present in the PLB during ascent and entry.
These payloads are powered from EXCP2 DC3, EXCP1 DC7, and EXCP2 DC2. Individual power
control of any of these three sources is available at the EXCP in SPACEHAB. These sources can be
unpower ed from outside of SPACEHAB by doing any one of the following: opening PDU relay K2 via
crew MCDS command (SPEC 222 - ITEM 14, DC EXCP 1/2 OFF), turning OFF the PDU EXP DC BUS
switch on panel L12, turning OFF the PL PRI switch on pand R1, or if a Main Power Kill isissued.
Reference: Hazard Reports COM-HR-STD-01; Cause 11, STD-MSTRSF1; Cause 11, and STD-
STARNAV-1; Cause 11, respectively. ®[CR5555A ] ®[CR5558 |
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C. SPACEHAB M DDECK PAYLOADS W LL BE CONFI GURED FOR SAFE ENTRY
®[CR 5555A |

SPACEHAB middeck payloads include BDS-05, Biopack, BRIC, CEBAS, CMPCG, OSTEO, and
ancillary hardware for ZCG and HLS. Hazard Report BPK-BE-HR-0001; Cause 3 requires that the
Biopack Cooler/Freezer door be closed with the handle flush and secured by Ve cro, that the Biopack
Incubator Tray (BIT) be fully inserted within the Incubator with both handles in parallél position, and
that the Incubator access door be fully closed with handle flush and secured by Velcro. Hazard Report
STD PTCU 15; Cause 2 requires that the Biopack Passive Thermal Control Units (PTCU) be stowed
when not in use and during launch and landing. Hazard Report PGBX-U1; Cause 2 requires that the
Biopack Glovebox be stowed in a middeck locker for launch and landing. e[cr5558 ]

D. FREESTAR. @[cr5555A ]

1. THE CREWW LL TAKE BOTH THE HH AV PR AND HH EXP PWR
SWTCHES ON PANEL L12U TO THE OFF POSI Tl ON.

Generic Hitchhiker hazard report F-3 requires HH payl oads to be unpowered during ascent/entry based
on flammable atmosphere and potential ignition source concerns. The HH POCC desires to command
an orderly shutdown or safing of the experiments. However, if time does not permit an orderly shutdown,
FREESTAR experiments are safe for entry in any configuration. Deactivation by the crewin a rapid
safing scenario will not be delayed to allow time for an orderly shutdown.

2. MEIDEX AND SCLSE DOOR ARE SAFE FOR LANDI NG | N ANY
CONFI GURATI ON. ®DN23 ] ®CR5844 ]

The doors are normally closed for entry, but are safe in any configuration based on structural load
capability. ®[crR5844 |
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107_2A-51 EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND
SPACEHAB MODULE

ELECTRI CAL EQUI PMENT OR EXPERI MENTS, SELF- PONERED OR FACI LI TY-
PONERED, SHALL NOT BE TRANSFERRED BETWEEN THE ORBI TER AND
SPACEHAB UNLESS CERTI FI ED FOR USE I N BOTH LOCATI ONS. THE
FOLLOWN NG LI ST OF EQUI PMENT |'S CERTI FI ED FOR USE I N THE SPACEHAB
MODULE ( BEYOND THE EQUI PMENT | DENTI FI ED I N RULE { A2 - 326},

EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND SPACEHAB MODULE) :
®[ED ]

ELECTRI CAL EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND SPACEHAB
MODULE DOCUMENTED | N PUBLI SHED PROCEDURES. epN24 ]

Thisrulein support of Rule {A2-326}, EQUIPMENT EXCHANGE BETWEEN ORBITER CABIN AND
SPACEHAB MODULE. Equipment may only be used in areas where it has been approved from an
electromagnetic compatibility standpoint. In addition, power budgeting/planning can only be
accomplished effectively if equipment movement strategy is coordinated. If exchange of equipment is
documented in approved orbiter or payload flight data file procedures, the compatibility and planning
assessment has been performed and the equipment may be used in either location. If it is desired to
exchange equipment not listed in Rule {A2-326}, EQUIPMENT EXCHANGE BETWEEN ORBITER
CABIN AND SPACEHAB MODULE, and not included in approved procedures, an assessment must be
performed prior to equipment exchange to verify el ectromagnetic compatibility, power
budgeting/planning, heat load impacts, etc. ®pn24 ] ®ED ]

107_2A-52 CONSTRAI NTS ON CABLES THROUGH THE SPACEHAB HATCH
AND TUNNEL

THE BPSMJU | S THE ONLY DRAG THROUGH APPROVED FOR USE | N SPACEHAB.
®DN25 ]

In support of Rule {A2-331}, CONSTRAINTS ON CABLES THROUGH THE SPACEHAB HATCH AND
TUNNEL. There are no cables except the BPSMU that might need to be run through the Spacehab
hatch. epDN25 ] ®ED ]
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107_2A-53 PAYLOAD | N- FLI GHT MAI NTENANCE (| FM PROCEDURES

| A. I N SUPPORT OF RULE {A2-105}, | N FLIGHT MAI NTENANCE (I FM, THE
FOLLON NG IS A LI ST OF PAYLOAD UNSCHEDULED | FM PROCEDURES
VWH CH HAVE BEEN PRE-M SSI ON COCRDI NATED AND REQUI RE ONLY
REAL- TI ME APPROVAL PRI OR TO | MPLEMENTATI ON.  eED ]

1. SPACEHAB IFM S I NCLUDED I N RULE {A2-324}, SPACEHAB | N-
FLI GHT MAI NTENANCE (1 FM PROCEDURES. @ED |

2. PDI I1FM TO I NSTALL SPARE PDI PER RULE {107_11A-11}, PDI
FAI LURE MANAGEMENT.

Failure of the PDI takes out payload monitoring and science data downlinks for both Spacehab and
FREESTAR, aswell asthe ability to downlink video via SSV. Portions of the Spacehab PDI stream can
be reconfigured to its Ku-band Ch 2 data stream, but lesser availability of the Ku downlink path due to
orbiter blockage make recovery of the S-Band (PDI) capability for Spacehab mandatory.

3. STANDARD SW TCH PANEL (SSP) | FM TO REGAI N PRI MARY PAYLOAD
FUNCTI ONS W LL BE PERFORMED, | F REQUI RED.

Soacehab, FREESTAR, and OARE require activation from the SSP. Single saitch failures could prevent
these payloads from being activated, strand the MEIDEX door in the open position, or inhibit LPT
power. The IFM will be performed to regain these critical functions. ®DN52 ] ®[CR5844 |

4. PSP |FM TO W RE FREESTAR TO PSP-2 PER RULE {107_11A-12},
PSP FAI LURE MANAGEMENT .

A generic Hitchhiker IFM is available to work around a failure of the Payload Sgnal Processor
(PSP). The Hitchhiker avionics arewired to PSP-1, but can be connected to PSP-2 via IFM. The
IFM will be scheduled as mission priorities permit.

5. FOR FAILURE CF PL1 MODM AN MDOM REPLACEMENT | FM W LL BE
CONSI DERED TO REGAI N COMVANDI NG FOR FREESTAR AND OARE.

The only command interface to both FREESTAR and OARE via PL1 MDM, neither has a backup
command path. For failure of PL1 MDM, FREESTAR commanding could be recovered with an IFM
to either replace PL1 MDM or to connect to PSP-2. The only option for OARE requires MDM
replacement.
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6. FOR FAILURE OF THE DI G TAL TV MJX SUCH THAT | T CANNOT BE
SW TCHED BACK TO SPACEHAB PL MAX KU CH 3 DOWNLI NK, THEN
THE SH PL MAX DATA RECOVERY | FM W LL BE PERFORMED TO
ROUTE SPACEHAB KU CH 3 DATA DI RECTLY TO THE KUSP.

SPACEHAB will lose the ability to downlink Experiment LOS playback data. Twelve SPACEHAB
payloads will lose science if this data is not available. ®[cr5540 ]

7. CM2 IFMS epDN26 ]
a. |FM 01 DEPP CARD CHANGEQUT
b. |IFM 02 DPP CARD CHANGEQUT

c. |IFMO03 LSP I GNl TER ARM STEPPER MOTOR ASSEMBLY
CHANGEQUT

d. | FM 04 RECONFI GURE LASER DI ODE DRI VER

e. | FM 05 REPLACE LASER DI ODE ASSEMBLY

f. |1FM 06 THERMOCOUPLE (TC) RAKE CHANGEQUT

g. |IFMO7 I GNI TER ELECTRODE Tl P CHANGEQUT

h. | FM 08 PDP FUSE CHANGEQUT

i. IFM09 MST I GNI TI ON TROUBLESHOOT

J. I FM 10 REPLACE 10 BASE-T TRANSCEI VER

k. IFM11 MANUAL I RIS SETTI NG
8. EOR'F IFM 01 EOR/ F TEMP DI SPLAY BATTERY CHANGEOUT
9. ERISTO I FM 01 EXCHANGE ERI STO PWR CABLE
10. OSTEO | FM 01 EXCHANGE OSTEO PWR CABLE @pDN26 ] @[CR5540 ]
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11. FOR FAI LURE OF THE KU BAND SI GNAL PROCESSOR TO DOMNLI NK
CHANNEL 2 PAYLOAD DI 3 TAL DATA, AN | FM W LL BE PERFORMED
TO ROUTE THE SPACEHAB 2 MB EXPERI MENT DATA STREAM TO THE
S- BAND FM S| GNAL PROCESSOR.  @[CR5540 ]

Eight SPACEHAB experiments use the Ku Channel 2 data stream for real-time science data. ®[CR5540 |

B. I N SUPPORT OF RULE {A2-105}, I N FLIGAT MAI NTENANCE (I FM, THE
FOLLON NG IS A LI ST OF SPACEHAB EXPERI MENT UNSCHEDULED | FM
PROCEDURES VH CH DO NOT REQUI RE REAL- TI ME APPROVAL OR
COORDI NATI ON PRI OR TO | MPLEMENTATI ON: eED ]

NONE | DENTI FI ED epN26

C. NO IFM PROCEDURES WLL BE I NI TI ATED BY THE CREW ON AN
EXPERI MENT KNOMN TO REPRESENT A TOXI C HAZARD UNTI L
CONCURRENCE FOR THE REPAI R PROCEDURE | S OBTAI NED FROM THE MCC
FLI GHT DI RECTOR. SPACEHAB EVACUATI ON ANDY OR PROTECTI VE
EQUI PMENT MAY BE REQUI RED ( SEE RULE {Al13-156}, SPACEHAB
HAZARDOUS SUBSTANCE SPI LL RESPONSE). ALL PAYLOAD
EXPERI MENTS/ SAMPLES CONTAI NI NG HAZARDOUS MATERI ALS ARE
DEFI NED I N THE FLI GHT SPECI FI C ANNEX.

A real-time assessment of the possibility of repairing an experiment and the risk of exposing the crew

to a toxic substance during the repair will need to be made. The IFM may require that the cleanup
equipment specified in Rule {A13-156}, SPACEHAB HAZARDOUS SUBSTANCE SPILL RESPONSE, be
used to minimize risk of crew exposure to toxic substances. ®[ED ]
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TABLE 107_2A-54-1 - PGSC USAGE PLAN
PGSC FUNCTION ORBITER PROVIDED SPACEHAB
PROVIDED
STS1 ocA X
STS2 WINDECOM X
STS3 PROSHARE X
STS4 WORLDMAP X
PL1 MEIDEX X
PL2 SOLSE-2 X
PL3 SH SUBSYSTEM, HLS PHAB-4 X
BAR CODE READER
PL4 AST, MGM, BDS-05, & ZCG X
PL5 CM-2 X
(WINDOWS 95 OS)
PL6 VCD FE X
(WINDOWS 95 OS)
HLS HLS MPFE X
ARMS ARMS X
®DN27 ]

NOTE: PGSC BACKUP OPTI ONS W LL BE DOCUMENTED AS REFERENCE DATA
I N THE PAYLOAD OPS CHECKLI ST.

PROGRAMVATI CALLY, THE TWDO STONED PGSC S ARE DEDI CATED TO MEI DEX
AND SOLSE. OPERATI ONALLY, THEY WLL BE USED AS REQUI RED TO
SUPPORT FI RST AND SECOND PGSC FAI LURES. SHOULD MElI DEX OR SOLSE
PGSC S REQUI RE BACKUP, THEY WLL BE @ VEN PRI ORI TY OVER OTHER
USERS. e@pN27 ]
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107_2A-61

PAYLOAD CONTAM NATI ON CONSTRAI NTS SUMVARY

TABLE 107_2A-61-1

— PAYLOAD CONTAM NATI ON MATRI X

CUSTOMERS W TH DUMP AND/ OR PURGE CONTAM NATI ON CONCERNS SHOULD BE
NOTI FI ED OF CHANGES TO DUMP PLANS AT LEAST 90 M NUTES PRIOR TO

THE EVENT, |F PGSSIBLE. NOZZLE DUMP ATTI TUDES MAY BE Bl ASED FROM
THE RETROGRADE DI RECTI ON | F REQUI RED TO PROTECT THERMAL
CONSTRAI NTS.  @pDN48 ]
PAYLOAD | TIMEFRAME SUPPLY OMS BURN PRCS OMS/RCS ORBITER FUEL CELL
DUMPS, PROPELLANT LEAKS PURGES
WASTE JJET LEAKS
DUMPS, FES AND APU
OPERATIONS OPERATIONS
SPACEHAB N/A NO NO NO NO NO NO
[4] CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
MEIDEX 20 MIN PRIOR TO NO NOZZLE PROHIBITED PROHIBITED CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS WHEN DOOR WHEN DOOR ASAP VIA SSP [2]| ASAP VIA SSP [2]
EXPERIMENT OPEN OPEN EXCEPT
OBSERVATIONS WHEN
(DOOR OPEN) LANDTRACK
MANEUVER
REQUIRED [1]
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLSE 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS, WHEN DOOR PRCS FIRINGS ASAP VIA PGSC ASAP VIA
EXPERIMENT MINIMIZE FES OPEN WHEN DOOR [2] PGSC [2]
OBSERVATIONS oPs [3] OPEN [1]
(DOOR OPEN)
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLCON 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE COVER CLOSE COVER INHIBITED
[4] AND DURING DUMPS WHEN COVER PRCS FIRINGS OR SHUTTERS OR SHUTTERS
EXPERIMENT AND WHEN COVER ASAP VIA ASAP VIA
OBSERVATIONS SHUTTERS AND GROUND GROUND
(COVER AND OPEN SHUTTERS COMMAND [2] COMMAND [2]
SHUTTERS OPEN) OPEN 11
NON-OPERATING NO NO NO NO NO NO
(COVER OR CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SHUTTERS
CLOSED)
LPT DURING GPS NAV NO NOZZLE NO NO NO NO INHIBITED
DATA TAKES DUMPS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
CVX N/A NO NO OMS NO PRCS NO NO NO
CONSTRAINTS BURNS DURING CONSTRAINTS CONSTRAINTS CONSTRAINTS
DURING CRITICAL
CRITICAL PERIODS
PERIODS
SIMPLEX 15 MIN PREBURN DESIRE NO NO NO NO NO DESIRED
THROUGH 5 MIN NOZZLE DUMPS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS INHIBITED
POST BURN AND FES
®DN48 ] ®DN53 ] ®[CR5846 |
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107_2A-61 PAYLOAD CONTAM NATI ON CONSTRAI NTS SUMVARY
( CONTI NUED)

NOTES: ®DN48 ]

[1] IF VERNS ARE LOST, OPERATIONS MAY CONTINUE USING PRCS JETS. PRCS IS REQUIRED FOR MEIDEX
LANDTRACK MANEUVERS. ®[CR 5846 ]

[2] MAY BE LEFT OPEN AT THE DISCRETION OF THE GSFC POCC.

[3] SOLSE HIGHLY DESIRES FES DISABLED DURING CHECKOUT AND CALIBRATION ORBITS AND DESIRES IT OFF
DURING SCIENCE OPERATIONS.

[4] REFER TO RULE {107_2A-71}, ATTITUDE AND POINTING CONSTRAINTS, FOR RAM CONSTRAINTS BASED ON
CONTAMINATION CONCERNS.

Nozz e dumps and OMSPRCS operations have the potential to put contaminants in the vicinity of the
payload bay, causing potential contamination of the SOLCON instrument and the SOLSE, and MEIDEX
windows and potential degradation of science. These payloads have no constraints against these types of
activities when the experiment doors/shutters are closed. Although SOLSE highly desires the FES
inhibited, thermal analysisindicates that inhibiting FES operations will probably not be possible.
SOLCON will nominally leave their cover open for the duration of the flight, closing their shutters
during contamination periods. The shutters should protect the instrument adequately from standard
orbiter contamination events. In the case of jet or orbiter leaks, SOLCON may choose to close their
cover via ground command as additional protection against contamination.

Alt DAP attitude control is required during Landmark Track Maneuvers. MEIDEX may request a
Landmark Track of significant storms are present. If so, the request will likely come near the end of the
mission, when the effects of potential contamination on the window will minimize the impact to the total
sciencegained. ®[CR5846 |

Reference Rules {107_2A-62}, DAP CONSTRAINTS and {107_2A-63}, MICROGRAVITY
REQUIREMENTS, for additional constraints on attitude control and OMSburns. e[pn48 ]
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PAYLOAD TIMEFRAME CONTROL ATTITUDE RATE
MODE | DEADBAND | pEADBAND
(1]
SPACEHAB DURING COM2PLEX, VRCS 1 DEG .02 DEG/SEC
ggggﬁ/\&/\gﬁgﬁsmsms ALT DAP 3 DEG .07 DEG/SEC
MEIDEX DURING STATIONARY VRCS 1 DEG .02 DEG/SEC
gggg&vﬁﬁ?oi?m ALT DAP 3 DEG .07 DEG/SEC
DURING MOON VRCS 2 DEG .02 DEG/SEC
CALIBRATIONS ALT DAP 3 DEG .07 DEG/SEC
SOLSE LIMB OBSERVATIONS VRCS 0.1 DEG .02 DEG/SEC
ALT DAP 1.5 DEG .07 DEG/SEC
(0.7 DEG
DESIRED)
POLAR SWEEP MANEUVER | VRCS 1 DEG .02 DEG/SEC
ALT DAP 1.5 DEG .07 DEG/SEC
EARTH OBSERVATIONS VRCS 1 DEG .02 DEG/SEC
ALT DAP 3 DEG .07 DEG/SEC
SOLCON SOLAR OBSERVATIONS VRCS 0.1 DEG .02 DEG/SEC
ALT DAP 1 DEG .07 DEG/SEC
(0.3 DEG
DESIRED)
®DN28 ]
NOTES:
K| FOR LOSS OF VERNS DURING FREESTAR DATA TAKES, ALT DAP WILL BE SELECTED FOR THE REMAINDER OF

THAT DATA TAKE. THE FREESTAR MISSION MANAGER WILL REQUEST TIGHTER DEADBANDS TO MEET
PRIORITIZED PAYLOAD SCIENCE REQUIREMENTS DEPENDING ON PROP AVAILABILITY.

All FREESTAR instruments except SOLCON can acquire limited science when operating at a 3 deg
attitude deadband, expecting instrument targets to occasionally pass through the instrument FOV's. The
FREESTAR Mission Manager will prioritize FREESTAR payload objectivesin light of available prop
and mission objectives met to date. For loss of VERNS, ALT DAP attitude control isrequired to acquire
science. In this case, a degradation of science due to contamination by PRCS|ets is acceptable.

The attitude deadband during the SOLSE polar sweep may be relaxed to 1 deg in order to facilitate
reaching attitude within the desired time. Upon reaching the target attitude, the deadbands should be
collapsedto 0.1 deg. ®pDN28 |
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107 2A-63 M CROGRAVI TY CONSTRAI NTS
PAYLOAD TIMEFRAME OMS PRCS [1] VRCS EXERCISE
BURN
ADVANCED PROTEIN ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
CRYSTALLIZATION FACILITY UNTIL WITHOUT WITHOUT CONSTRAINT
(APCF) DEACTIVATION PRIOR PRIOR
NOTIFICATION | NOTIFICATION
COMMERCIAL FIRST 10 DAYS HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
MACROMOLECULAR AND FOLLOWING DESIRE PROHIBITED CONSTRAINT
PROTEIN CRYSTAL GROWTH ACTIVATION PROHIBITED
(CMPCG)
COMMERCIAL PROTEIN FIRST 24 HOURS | HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
CRYSTAL GROWTH - PROTEIN FOLLOWING DESIRE PROHIBITED CONSTRAINT
CRYSTALIZATION FACILITY INITIALIZATION PROHIBITED
(CPCG-PCF)
MECHANICS OF GRANULAR ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
MATERIALS (MGM) UNTIL CONSTRAINT
DEACTIVATION
FOR TEST POINTS
1-8
COMBUSTION LAMINAR MICROGRAVITY PROHIBITED PROHIBITED NO NO CONSTRAINT
MODULE-2 sooT PERIOD BEGINS CONSTRAINT
(CM-2) PROCESSES | 22-28 MINUTES
(LSP) AFTER THE
START OF A RUN
AND LASTS FOR
11 MINUTES
STRUCTURE | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
OF FLAME PERIOD BEGINS (GRAVITY EXERCISE/CYCLE
BALLS AT 18 MINUTES INTO GRADIENT ERGOMETER OPS AND
LOW LEWIS | EACH RUN AND ATTITUDE ORBITER CYCLE
NUMBERS LASTS FOR REQUIRED) ERGOMETER OPS
(SOFBALL) VARIOUS PROHIBITED DURING
DURATIONS (1.5 MICROGRAVITY
TO PERIOD.
APPROXIMATELY
4 HRS)
DEPENDING ON
THE RUN.
WATER MIST | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
PERIOD BEGINS EXERCISE/ERGOMETER
AT EXPERIMENT OPS AND ORBITER
RUN START +23 ERGOMETER OPS
OR 29 MINUTES PROHIBITED DURING
(DEPENDING ON THE MICROGRAVITY
THE RUN) AND PERIOD 3]
LASTS FOR 2-4
MINUTES
ZEOLITE CRYSTAL GROWTH FURNACE PROHIBITED PROHIBITED NO MINIMIZE CREW
(ZCG) ACTIVATION WITH WITH CONSTRAINT [1]| EXERCISE DURING
UNTIL ZCG ALLOWANCE | ALLOWANCE FIRST 10 HOURS POST-
DEACTIVATION FOR SIMPLEX | FOR ALT DAP FURNACE ACTIVATION.
AS AS
NEGOTIATED | NEGOTIATED
WITH ZCG WITH ZCG
CRITICAL VISCOSITY OF CRITICAL PROHIBITED PROHIBITED [1] | NO AVOID SCHEDULING
XENON-2 (CVX-2) PERIODS 12 CONSTRAINT CONSECUTIVE
EXERCISE PERIODS
WHEN POSSIBLE
DURING CRITICAL
PHASES
®DN49 ] ®[CR5623 ] ®[CR5628A |
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NOTES:

K| FOR LOSS OF VERNS, MGM, LSP, WATER MIST, ZCG AND CVX-2 WILL CONTINUE OPERATIONS USING ALT DAP.
®DN49 ]

[2] CRITICAL PERIODS OCCUR WHEN THE EXPERIMENT APPROACHES ITS CRITICAL TEMPERATURE AND WILL BE
DEFINED BY THE CUSTOMER AND PROVIDED AS PART OF THE REPLAN CYCLE. THESE CRITICAL PERIODS ARE
APPROXIMATELY DEFINED BY THE FOLLOWING PAYLOAD EVENT TIMES (REFERENCED FROM CVX-2
ACTIVATION): 26 TO 47 HOURS, 64 TO 115 HOURS, AND 130 TO 182 HOURS FOR A 200 HOUR TIMELINE; AND 20
TO 35 HOURS, 54 TO 73 HOURS, 129 TO 151 HOURS, 205 TO 227 HOURS, AND 281 TO 303 HOURS FOR A 308 HOUR
TIMELINE.

[3] EXERCISE MAY BE SCHEDULED DURING WATER MIST RUNS, BUT THE CREWMEMBER MUST PAUSE FOR THE
SHORT MICROGRAVITY PERIOD.

The gravity gradient attitude is required for SOFBALL to maintain predictable comm during the lengthy
microgravity periods. Exercisein the Spacehab is prohibited during SOFBALL microgravity periods to
achieve the best microgravity environment possible. Exercisein the middeck is also prohibited during
SOFBALL Free Drift periods.

Most MIST tests require microgravity beginning 37 minutes into each run. However, MIST tests 12 and
22 are an exception to this rule with microgravity periods beginning 22 minutesinto each run. No
special attitude is required for MIST since the Free Drift period is short and comm should remain
predictable. Exercisein the middeck and in Spacehab module prohibited during MIST Free Drift
periods.

CVX-2 critical periods occur when the experiment approaches its critical temperature. The most critical
part of CVX-2'stimelineisthelast 10 hours of thefirst pass through Tc (liquid-vapor critical point of
Xenon, approx 16.7 degrees C). They will use this "fast" pass to locate Tc for the remainder of the
mission. Each of the later "slow" passes through Tc requires about 80 hours, with the last 30 hours
being most important. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight. Actual critical period timeframes will be defined
by the customer and provided as part of the replan cycle.

OMSburns and PRCSjet firings are not allowed during CVX-2 critical periods. Shuttle maneuvers
using VRCS sometimes create DC accel erations that exceed the steady-state requirement of 0.24 milli-g,
but they are too short-lived to cause a problem.

CVX-2 is very susceptible to impacts on the sample cell during exercise periods due to the AC

accel erations reducing the measurement signal-to-noise ratio. To protect sample data against possible
degradation due to crew exercise, CVX desires that during critical periods, exercise not be scheduled
consecutively. This scheduling is desirable for the entire mission, yet extremely important during critical
periods operations. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight.
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CMPCG and CPCG-PCF are both sensitive to microgravity disturbances during crystal nucleation and
crystal growth which can cause detrimental effects to crystal formation and the solution boundary layer
asthe crystals grow in solution. CMPCG consists of approximately 1008 samples that have a wide
variance in the timing of nucleation and growth phases. CMPCG highly desires minimized disturbances
during their entire crystal growth phase, but especially for thefirst 10 days of crystal growth. CPCG-
PCF consists of only one sample and highly desires minimized disturbances during thefirst 24 hours of
crystal growth which is the expected nucleation and early growth phase. ®[cR5628A |

Reference Rule {107_2A-61} PAYLOAD CONTAMINATION CONSTRAINTS SUMMARY, for OMSRCS
constraints driven by contamination concerns. ®pN49 ]

107_2A-64 SI MPLEX BURN REQUI REMVENTS

A. FOR THE SI MPLEX TEST BURN, | T IS DESI RED THAT THE ORBI TER BE
I N ATTI TUDE AT LEAST 1 M NUTE PRIOR TO AND 1 M NUTE AFTER THE
TEST BURN. @pDN8s ]

B. SI MPLEX TEST BURN ORI ENTATION | S PRI ORI TI ZED AS FOLLOAG
(H GHEST TO LOAEST): BURNS | NTO RAM BURNS | NTO WAKE, BURNS
NCRVAL TO THE VELOCI TY VECTOR

C. FOR TEST BURNS OBSERVED BY THE VERY LARGE ARRAY (VLA), A DUAL
ENG NE OV5 BURN OF AT LEAST 10 SECOND DURATI ON IS REQUI RED.
| T 1S ALSO REQUI RED THAT THE BURN OCCUR ON AN ORBI T THAT
COMES WTHI N 60 DEGREES OF VLA TELESCOPE ZEN TH, ALTHOUGH THE
BURN MAY BE | NI TI ATED OR COVPLETED JUST PRI OR TO ENTERI NG
THAT 60- DEGREE CONE.

There are 30 acceptable burnsin support of SMPLEX as documented in NSTS-21327, SMPLEX
Payload Integration Plan. The requirements for each burn vary in duration of burn, direction of burn,
night or day, and position relative to the ground site. There has only been one viable opportunity
identified preflight to fit within the integrated requirements of the STS-107 mission timeline. That burn
will be observed by the VLA site. epngs ]
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107_2A-71 ATTI TUDE/ PO NTI NG CONSTRAI NTS

A.  SPACEHAB
1. COMBI NED TWO- PHASE LOOP EXPERI MENT ( COVRPLEX)

a. COMRPLEX REQUIRES A -ZLV (NADIR) ATTI TUDE FOR 48
HOURS PER EACH OF THE THREE LOOPS FOR A TOTAL OF 144
HOURS. ANY YAWI S ACCEPTABLE. COWMPLEX CAN
W THSTAND ATTI TUDE BI ASES UP TO 20 DEGREES WHI CH LAST
NO MORE THAN 20 M NUTES. THE Tl ME SPENT Bl ASED CAN
TOTAL NO MORE THAN 40 M NUTES EVERY 24- HOUR PERI CD.
®DN79 ]

b. COWPLEX DEEP SPACE PO NTING IS LIM TED TO 90 M NUTES
| F UNPOAERED. AFTER 90 M NUTES, COWPPLEX REQUI RES A
-ZLV (NADIR) ATTI TUDE FOR 1 HOUR BEFORE REAPPLYI NG
PONER. COWPLEX HAS NO DEEP PO NTI NG CONSTRAI NT
VWH LE POWERED.

c. COWPLEX MJUST BE I N A REDUCED PONER STATE FOR SOLAR
PO NTI NG

The COM2PLEX payload requires maintaining a similar attitude for the duration of each of the three
experiment runs to reduce thermal fluctuations and maintain compar ability between the runs.

2. M N ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( M5TRS)

a. MSTRS REQUI RES A - ZLV (NADIR) ATTI TUDE FOR EACH
OPERATI ONAL CYCLE EXCEPT AS NOTED I N PARAGRAPH B
BELOW

Each operations cycle consists of a 1 hour warm up period and a minimum of four continuous or bits.
The MSTRS payload reguires no biasin the -ZLV (NADIR) attitude to accurately geo-locate radio
frequency sources on Earth. ®pn79 ]
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b. DURI NG ONE ENTI RE PHASE 2 ORBI T SET (FOUR CONTI NUOUS
ORBI TS), MSTRS REQUI RES A 15- DEGREE BI AS FROM —ZLV
(NADI R) SUCH THAT THE SHUTTLE BAY IS PO NTING IN A
NORTHERLY DI RECTI ON. THE ATTI TUDE FOR THE WARM UP

PERICD PRROR TO THIS ORBIT SET WLL NOT BE BI ASED.
®DN79 ]

c. MSTRS DEEP SPACE PO NTING IS LIMTED TO 2 HOURS.
AFTER 2 HOURS, MSTRS REQUI RES A -ZLV (NADI R) ATTI TUDE
FOR 2 HOURS TO RECOVER. DUE TO TECHNI CAL CONCERNS
W TH ORBI TER OFF GASSI NG MSTRS REQUI RES THEI R FI RST
OPERATI ONAL CYCLE TO OCCUR LATER THAN 16 HOURS MET.
M5TRS REQUI RES A M NI MUM OF 24 HOURS BETWEEN
OPERATI ONAL CYCLES.

3. STAR NAVI GATI ON ( STARNAV)

a. STARNAV REQU RES A M Nl MUM OF TVWENTY OBSERVATI ONS
WTH THE FOV OF THE | NSTRUMVENT PO NTED 25 DEGREES
FROM THE EARTH LI MB AND 30 DEGREES FROM THE SUN.
STARNAV ALSO REQUI RES A NON- I NERTI AL ATTI TUDE FOR
EACH 30 M NUTES OBSERVATI ON.  BACK- TO- BACK
OBSERVATI ONS CANNOT BE SCHEDULED.

STARNAV s field of view is defined as a cone generated by a 5.5 degree half angle projection. The total
conical field of viewis an 11 degree sweep centered on the bore of STARNAV' s camera. ®pN79 ]

b. STARNAV MUST BE POWERED OFF DURI NG PASSES THROUGH THE
SOQUTH ATLANTI C ANOVALY (SAA). STARNAV MUST BE
PONERED ON DURI NG MANEUVERS CAUSI NG THE FOV TO SWEEP
THROUGH THE SUN VECTOR

STARNAV is powered off during SAA passes and powered on during solar passes to protect electronics.

c. STARNAV REQUI RES DEEP SPACE PO NTI NG TO BE LIM TED TO
5 HOURS. AFTER 5 HOURS, STARNAV PONER MJUST BE
RESTORED OR THE STARNAV PAYLCAD MUST RETURN TO A -ZLV
(NADIR) ATTI TUDE TO RECOVER.  STARNAV' S RECOVERY TI ME
IS EQUAL TO THE TI ME SPENT DEEP SPACE PO NTI NG
W THOUT PONER. epDN79 ]

The STARNAV recovery time in a warm attitude is equal to the duration of timein the deep space
attitude. STARNAV will be powered off when not observing.
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d. STARNAV REQUI RES BAY-TO- SUN PO NTI NG BE LIMTED TO 36
M NUTES WHEN PONERED ON. STARNAV HAS NO -ZSI
CONSTRAI NT WHEN POVERED OFF. epDN79 ]

e. STARNAV' S FI ELD OF VI EW MAY NOT SWEEP THROUGH RAM AT
ANY RATE.

Sneeping through RAM may damage STARNAV'slens. ®pN79 ]
4. COVBUSTI ON MODULE-2 (CM 2)

CM 2 REQUI RES FREE DRI FT FOR THE SOFBALL AND M ST TESTS.
SOFBALL DESI RES A GRAVI TY GRADI ENT ATTI TUDE DURI NG

M CROGRAVI TY PERI ODS. M ST FREE DRI FT PERI ODS HAVE NO
ATTI TUDE REQUI REMENT.

Free Drift periods required for SOFBALL are significantly longer in duration than MIST’s, so a Gravity
Gradient attitude is desired to maintain predictable comm during that time.

B. FREESTAR
1. MElIDEX

a. DURI NG MElI DEX EARTH VI EW NG DATA TAKES, THE ORBI TER
-Z AXIS MIUST BE PO NTED AT THE EARTH, WTH A ROLL
Bl AS AS NECESSARY FOR TARGET ACQUI SI TI ON OVER THE
REG ON OF | NTEREST.

During primary data collection periods, MEIDEX requires a bay-to-earth, tail/nose forward based
orientation to ensure best possible ROI coverage in relation to the instrument FOV and to enable
maximum data acquisition. Optimum opportunities and flexibility for MEIDEX observations will be
acquired when the orbiter trajectory passes directly over the ROI. During these observations, slight
attitude biases away from Nadir may be considered in order to ensure that the designated targets remain
within the MEIDEX FOV. The MEIDEX instrument can assist in target tracking by tilting ?22.5 deg in
the YZ plane (resulting in a north to south scan across the groundtrack). MEIDEX desires that
dedicated operations not occur within the South Atlantic Anomaly (SAA) on more than three consecutive
orbits. ®[CrR5847 ]
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107_2A-71

b.

ATTI TUDE/ PO NTI NG CONSTRAI NTS _ ( CONTI NUED)

| F REQUESTED, MElI DEX LANDVMARK TRACK MANEUVERS CAN BE
UTI LI ZED TO TRACK SI GNI FI CANT DUST STORMS THROUGH AN
ENTI RE OVERPASS. @epDN79 ]

LTM’swould likely be requested no more than once or twice during the mission, and only if significant
dust activity were present. As LTM maneuvers require PRCS attitude control (which could increase
potential for contamination on the MEIDEX window), MEIDEX would request the scheduling of an LTM
as late as possible in the mission.

C.

DURI NG MElI DEX LUNAR CALI BRATI ONS, A LUNAR | NERTI AL
ATTI TUDE | S REQUI RED.

There is no requirement for a specific moon orientation in respect to the MEIDEX FOV.

d.

DURI NG MElI DEX GROUND CALI BRATI ONS, MEI DEX REQUI RES A
BAY- TO- EARTH, NOSE/ TAI L FORWARD ORI ENTATION, WTH A
MAXI MUM ATTI TUDE BI AS OF 7?30 DEGREES FROM LOCAL NADI R
OVER THE PRE- SELECTED SITE, FOR A M NI MUM O 20-30
SECONDS. MEI DEX H GHLY DESI RES A LANDVMARK TRACK FOR
A MN MMOF 3 MNUTES. e[crs615 ]

DURI NG SPRI TE OBSERVATI ONS, MEI DEX REQUI RES A
NOSE/ TAI L DOAN, BELLY FORWARD ATTI TUDE W TH THE
ORBI TER VI EW NG TOMRDS THE DUSK- TERM NATOR DURI NG
ECLI PSE FOR A M NI MUM OF 20 M NUTES (> 30 M NUTES
DESI RED) .

In order to maximize limb coverage, the MEIDEX canister center axisis required to point 50 km above

the earth's limb.

f.

WTH THE DOOR | N THE OPEN PCSI TI ON, MElI DEX REQUI RES
THAT THE SUN NOT ENTER W THI N 5 DEGREES OF THE XYBI ON
CAVMERA FOV. @[CR5844 | ®[CR5847 ]

Meidex will request that the crew close the experiment door and temporarily terminate science activities
if the sun constraints are predicted to be violated. The Xybion camera FOV is 10.76 deg x 14.04 deg
with thelong axisin the Y direction and is centered on the —Z orbiter body axis. epn79 ]
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ATTI TUDE/ PO NTI NG CONSTRAI NTS _ ( CONTI NUED)

g. WTH THE DOOR I N THE OPEN POSI TI ON, MElI DEX SHOULD NOT
VIEWRAMWTH N A + 70 DEGREE FOV IN THE —Z AXIS. | F
THE RAM PASSES THROUGH THE | NSTRUVENT CENTRAL
POSI TION =+ 70 DEGREES, THE ANGULAR RATE | S REQUI RED
TO BE AT LEAST 0.2 DEGREE/ SECOND. ®[CR5844 | ®[CR5847 |

Exposure to extended RAM could damage the instrument window thus degrading the optical properties
necessary for valid science. MEIDEX will request that the crew close the door via SSP and temporarily
terminate science if the RAM constraint is predicted to beviolated. ®DN55 ] ®CR5844 |

2. SOLSE

a. SOLSE REQUI RES A BI ASED PORT W NG TO EARTH, BELLY-TO
RAM ATTI TUDE DURI NG LI MB VI EW5. epN79 ]

(1)

(2)

(3)

(4)

DURI NG VI SI BLE FI LTER OBSERVATIONS, THE -Z AXI S
| S REQUI RED TO BE PO NTED AT 25 KM ABOVE THE
EARTH S SURFACE.

DURI NG WV FI LTER OBSERVATIONS, THE -Z AXIS IS
REQUI RED TO BE PO NTED AT 32 KM ABOVE THE EARTH S
SURFACE.

SOLSE REQUI RES THAT THE OBLATENESS OF THE EARTH
BE FACTORED | NTO THE ORBI TER PO NTI NG AS
NECESSARY.

SOLSE REQUI RES THAT ORBI TER PO NTI NG BE ADJUSTED
AS REQUI RED TO KEEP THE -Z AXIS WTH N +5 KM OF
THE TARGETED ALTI TUDE.

Small attitude adjustment maneuvers may be required during SOLSE limb views in order to keep the
SOLSE FOV within 5 km of the Earth altitude under observation. Depending on the orbital altitude, a
dight tilt of the XY planewill berequired to maintain vertical resolution at the limb. SOLSE may request to
change a limb view to a polar view depending upon match-up availability with ground truth sites.
Although polar views are considered superior to alternative viewing options, SOLSE may request that a
polar sweep maneuver be performed duringa SOLSE limb view. ®DN79 ] ®[CR5847 |
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b. SOLSE REQUI RES A BAY-TO EARTH, TAI L/ NOSE FORWARD
ATTI TUDE DURI NG EARTH VI EW NG OBSERVATI ONS.  @[crR5847 |

This orientation ensures that the long axis of the SOLSE field of view is perpendicular to the ground
track.

c. SOLSE REQUI RES A BIAS -YLV +XVWV ATTI TUDE ( NORTHERN
VI EW5) OR BI AS -YLV - XW ATTI TUDE ( SOQUTHERN VI EV\E)
DURI NG POLAR VI EW NG OBSERVATI ONS.

SOLSE highly desires three orbits of hbar polar view observations, two north and one south. The polar
views will allow SOLSE-2 to extend the coverage for SOLSE observations to higher latitudes (simulating
science that could be achieved on a higher inclination flight). All polar view operations are desired to
be performed in attitude for the entire daylit portion of the orbit.

d. SOLSE REQUI RES THAT THE ORBI TER -Z AXI'S NOT BE

PO NTED WTH N ?70 DEG OF THE RAM VWHEN THE SOLSE DOOR
| S OPEN. @[cr5844 ]

Viewing RAM could cause atomic oxygen contamination on the window, resulting in severely degraded
data.

e. SOLSE REQUI RES THAT THE SUN REMAIN QUTSIDE OF A ?7.5
FI ELD OF VIEW (FOV) FROM THE —-Z AXIS WHEN THE DOOR | S
OPEN. @®[DN79 ] ®[CR5844 ] ®[CR5847 |

Viewing the Sun may solarize contaminants on the window and degrade the optical qualities of the
window.

3. SOLCON

a. DURI NG SCLAR VI EW NG DATA TAKES, THE ORBITER -Z AXI S
MUST BE PO NTED AT THE SUN FOR 40 M NUTES. THE SUN
MUST BE GREATER THAN 10 DEGREES ABOVE THE EARTH
HORI ZON FOR THE DURATI ON OF THE EXPERI MENT.

OBSERVATI ONS MAY BE SCHEDULED AS TWO CONSECUTI VE
SOLAR VI EW NG PAI RS.
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b. SCOLCON REQUI RES DEEP- SPACE VIEWNG (ORBI TER -Z AXI S >
15 DEGREES AVWAY FROM EARTH AND > 25 DECGREES AWAY FROM
THE SUN) OF AT LEAST 10 M N I N DURATI ON PRI OR TO AND
FOLLOW NG EACH SOLAR VI EW NG ORBI T.

Deep space attitude required for instrument calibration prior to and after each SOLCON data take. The
deep space viewing need not occur in a fixed attitude as long as the FOV constraintsare met. ®pDN56 ]

c. SOLCON REQUI RES THAT THE RAM REMAI N +10 DEGREES
OQUTSI DE THE | NSTRUVENT CENTRAL POSI TI ON (ORBI TER -Z
AXI'S) WHEN THE EXPERI MENT SHUTTERS ARE OPEN.
TEMPORARY VI CLATI ONS ARE ACCEPTABLE | F THE RAM PASSES
THROUGH THE | NSTRUMENT CENTRAL PCSI TI ON AT AN ANGULAR
RATE OF AT LEAST 0.2 DEGREE/ SECOND.

Extended RAM exposure could damage SOLCON optics. SOLCON will close shutters and temporarily
terminate science collection for predicted RAM violations.

4. CvX HAS NO ATTI TUDE PO NTI NG REQUI REMENTS FOR SCI ENCE
CCOLLECTI ON.

a. DURI NG NON- CRI TI CAL PERI ODS, CVX SHALL NOT BE EXPOSED
TO MORE THAN 60 M NUTES OF SOLAR VI EW NG DURI NG ANY 4
HOUR PERI OD, W TH THE EXCEPTI ON OF SOLCON SCOLAR PAI RS
AS QUTLINED I N RULE {107_2A-71B}. 4. B,

ATTI TUDE/ PO NTI NG CONSTRAI NTS.  @pDN57 ]

The CVX experiment must be limited to less than 60 minutes of solar viewing during any 4-hour period.
If more than 60 minutes of solar viewing were to occur, CVX would potentially lose valuable experiment
data. Thislimitation isfor reasons of successful operations and is not a safety requirement. Solar
viewing is defined as sustained solar flux within 60 degrees of the -Z axis. During critical periods, CVX
should be able to tolerate the Sun sweeping through the payload bay (asin an LVLH attitude hold like
bay to wake). CVX should also be able to tolerate sustained off-normal solar flux during critical periods
aslong asthe Sunis greater than 60 degrees off normal (-Z axis). Flight-specific attitudes will be
analyzed to ensure that thermal limits are not exceeded during critical periods.

b. DURI NG NON-CRI TI CAL PERI DS, SOLCON SOLAR PAI RS (45
M NUTES ON CONSECUTI VE ORBI TS) CAN BE SCHEDULED W TH
THE FOLLOW NG CONSTRAI NTS:

TH'S RULE CONTI NUED ON NEXT PAGE
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(1) CVX-2 REQUI RES AN ATTI TUDE COLDER THAN BAY TO
EARTH | N BETWEEN OBSERVATI ONS.

(2) CVX-2 REQU RES 6 HOURS OF RECOVERY TIME IN A BAY
TO EARTH OR COLDER ATTI TUDE FOLLOW NG A SOLCON
PAI R PRI OR TO ADDI TI ONAL SOLAR VI EW NG

c. DURI NG CRITICAL PERI CDS, CVX SHALL NOT' BE EXPOSED TO
ANY -ZSI ATTI TUDES.

Five critical periods occur during the 304 hours of desired CVX operations while CVX is establishing the
critical temperature of Xenon. Referencetherationale in Rule {107_2A-63}, MICROGRAVITY
CONSTRAINTS, for approximate timeframe of critical periods. -ZS excursions during these periods

will cause critical temperature determination excursions that exceed the experiment’s ability to perform
thesciencerun. ®DN57 ]

d. El THER OPERATI NG OR NON- OPERATI NG CVX SHALL NOT BE
EXPOSED TO —-ZSI ATTI TUDES THAT EXCEED 70 M NUTES I N
DURATI ON. @pDN79 ]

CVX isimpacted by more than 30 minutes of solar viewing and cannot recover from greater than 70
minutes of continuous solar viewing. ®DN57 ]
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5. LPT

a. LPT REQUI RES SPACE VIEWNG (-Z AXIS > 90 DEG FROM
NADI R) DURI NG GPS COPERATI ONS.

The GPS Navigation test requires two observations of two consecutive orbits of bay-to-space attitude.
®DN79 ]

b. LPT REQUI RES GROUND STATI ON VI EWNG FOR 5 M NUTES
(-Z A XIS TOMLA WPS, OR DFRC, WTH M NI MUM LOS
ELEVATI ON ANGLE OF 5 DEGREES FROM THE GROUND
STATI ON) DURI NG GN OPERATI ONS, W TH TARGET TRACKI NG
FOR A MNIMUM CF THREE OF THE ElI GHT TESTS. @[cr5847 ]

c. LPT REQU RES A TRACKI NG AND DATA RELAY SATELLI TE
(TDRS) TRACK ATTI TUDE DURI NG TDRS COVMUNI CATI ONS
TESTS FOR A TOTAL OF 6 HOURS. THE PASS MNIMUM | S
15 M NUTES.

d. LPT REQU RES THE ORBI TER -Z AXIS TO A TDRS AND DFRC,
WTH M NI MUM LOS ELEVATI ON ANGLE OF 5 DECGREES, DURI NG
RANGE SAFETY OPERATI ONS WVHI CH LAST A MNIMUM OF 2.5
M NUTES.

LPT desires acquisition of two TDRS s simultaneously during the Range Safety Tests; however,

maximization of pass over DFRC is prioritized over two TDRS's. Two Range Safety tests are required.
®[CR5847 ]

e. LPT REQUI RES A TDRS TRACK ATTI TUDE DURI NG ON-CRBI T
RECONFI G TESTS. EACH OF THE TWO TESTS ARE 20
M NUTES. epn79 ]
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c. AQGA/PLS: DUAL TRACKI NG CAPABI LI TY ABOVE 100K FEET IS
H GHLY DESI RABLE BUT |'S NOT SCHEDULED FOR ACA AND PLS
DECRBI T. @[cr5501 ]

In the event that a delta stateis uplinked, it allows proper onboard verification to be performed through
100K feet (tracking not required below 100K feet).

d. FD1 PLS ONLY: AT LEAST ONE TDRS OR TWO C- BAND RADAR
PASSES ARE REQUI RED TO SUPPORT PRE- DEORBI T STATE
VECTOR ACCURACY.

For AOA and PLSdeorbits, best effort call up of high speed tracking resources is accepted (ref. Rule
{A3-102}, STDN FAILURE DECISION MATRIX). The time between launch and landing for an AOA
deorbit is short enough to consider onboard navigation autonomous, and although best effort tracking
call up will be requested, it is not mandatory. Thereis a high probability of obtaining PLStracking
support from KSC or EDW area radars on a best effort basis if the ranges are given more than 3 hours
advance notice. Thereislittle chance of obtaining such support for a Northrup Lakebed Landing Ste
(NOR) PLSdeorbit unless the request is made during duty hours. Tracking support is virtually assured
at all three CONUS sites, given 24 hours notice (ref. AEFTP #82 minutes). ®[eD ]

Post MECO tracking is required for flight day 1 deorbit cases in order to ensure the onboard state
vector meets deorbit burn accuracy requirements. For high inclination launches (57 deg. and 51.6 deg.),
at least one TDRSisrequired for orbit 3 cases, because the ground tracks for orbits 1 through 3 do not
permit adequate C-Band coverage (ref. Rules {A4-101}, ONBOARD NAVIGATION MAINTENANCE,
and {A3-102}, STDN FAILURE DECISON MATRIX - Note[2]). ®[ED ]

e. FOR COW T TO LAUNCH AND SCHEDULI NG PURPCSES, END
OF M SSI ON (EOM) DUAL TRACKI NG CAPABI LI TY (TWD G
BANDS OR ONE S- BAND AND ONE C- BAND) FROM ABOVE
100K FT TO THE GROUND |'S NOT REQUI RED. |F ANY OF
THE CAPABI LI TIES LI STED | N PARAGRAPH B3 BELOW ARE
NOT EXPECTED TO BE AVAI LABLE PRI OR TO DEORBIT TI G

SCHEDULI NG EOM DUAL TRACKI NG BECOVES NMANDATORY.
®[CR5501 ]
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5.  REDUNDANCY FOR ASCENT | NCLUDI NG | NTACT ABORTS: @[cR5501 ]

a.

REDUNDANCY | N EQUI PMENT AND NETWORK SCHEDULI NG FOR
Al R-TO- GROUND VA CE, COMVAND, TELEMETRY, AND
TRAJECTORY PROCESSI NG SHALL BE PLANNED AND SCHEDULED
FOR LAUNCH THROUGH GO FOR ORBIT OPS OR | NTACT ABORT
LANDI NG NOTE: FOR TDRS SCHEDULI NG, REDUNDANCY | S
NOT REQUI RED.

CONSI DERATI ON W LL BE G VEN TO ATTEMPTI NG TO REGAI N
FAI LED REDUNDANT EQUI PMENT | F THE RECOVERY W LL NOT
AFFECT THE REMAI NI NG MANDATORY EQUI PMENT AND RECOVERY
PROCEDURES ESTI MATED Tl ME OF RETURN TO OPERATI ON
(ETRO) I'S PRIOR TO THE NOMI NAL PLANNED TI ME FOR
COM NG QUT OF THE T- 9 M NUTE HCOLD.

RECOVERY EFFORTS FOR FAI LED REDUNDANT EQUI PMENT | N
THE MCC AND | NTEGRATED NETWORK W LL NOT BE PERFORVED
BETWEEN T-9 M NUTES AND COUNTI NG AND MET 15 M NUTES
OR LANDI NG FOR RTLS OR TAL.

B. DEORBI T/ ENTRY

1. PRE-DEORBIT. IT IS H GILY DESI RABLE TO HAVE THE
MAXI MUM DURATI ON OF COVERAGE PGOSSI BLE FOR Al R- TO- GROUND
VA CE, COMVAND, TELEMETRY, AND TRAJECTORY PROCESSI NG
FROM TIG -4 HR TO DEORBI T DECI SI ON. REDUNDANCY | S
DESI RABLE BUT NOT REQUI RED.

Preparing the orbiter for entry includes a number of complex and critical steps such as moding flight
software to OPS 3, closing the payload bay doors, activating Flash Evaporator System (FES) cooling.
Having MCC connectivity to troubleshoot any anomalies that may occur is very useful. Additionally,
MCC is prime to provide deorbit maneuver targets and to assess landing site readiness including
weather. Deorbhit decision timeisnormally TIG -23 minutes. ®[CR5501 ]
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DECRBI T DECI SION. GROUND AND | NTEGRATED NETWORK

EQUI PMENT FUNCTI ONALIT TY AND SCHEDULI NG MUST PROVI DE Al R-
TO- GROUND VA CE, COMVAND, TELEMETRY, AND TRAJECTORY
PROCESSI NG FROM THE MCC GO FOR DEORBI T TO POST LANDI NG
REDUNDANCY FOR MANDATORY FUNCTIONS |'S H GHLY DESI RABLE
BUT NOT REQUI RED. @[crs501 ]

UHF TWO-VWAY VO CE | S H GHLY DESI RABLE DURI NG ENTRY TO KSC
OR DFRC VWHEN | N RANGE OF THE GROUND STATI ON AS A BACKUP
TO S-BAND VO CE. S BAND VA CE IS MANDATORY AS DESCRI BED
ABOVE.

Monitoring vehicle systems, energy management, anomaly resolution, and landing site evaluation from
touchdown parameters to weather conditions is the primary job of the MCC during shuttle entry.

3.

TRAJECTORY PROCESSI NG SUPPORT FOR ENTRY:

| F ALL OF THE CAPABI LI TI ES LI STED BELOW ARE EXPECTED TO
BE AVAI LABLE PRIOR TO DEORBIT TI G C BAND TRACKI NG | S NOT
MANDATORY.  S-BAND TRACKI NG IS H GHLY DESI RABLE | N THE
ABSENCE OF C-BAND TRACKING | F DURI NG THE M SSI ON ANY OF
THE FOLLOW NG CAPABI LI TI ES ARE LOST, EOM DUAL TRACKI NG
CAPABI LI TY BECOVES MANDATORY FOR COW T TO DECRBI T:

a. IMJS  FULL REDUNDANCY (THREE LI NE REPLACEABLE UNI TS
(LRU S) AND ASSOCI ATED DATA PROCESSI NG SYSTEM ( DPS)
AND ELECTRI CAL PONER SYSTEM ( EPS) FUNCTI ONALI TY) .

b. ONBOARD TACAN: FULL REDUNDANCY (THREE LRU S AND
ASSOCI ATED DPS AND EPS FUNCTI ONALI TY). @[cR5501 ]
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c. ONBOARD M CROMVE LANDI NG SYSTEM (M.S): FULL
REDUNDANCY ( THREE LRU S AND ASSOCI ATED DPS AND EPS
FUNCTI ONALI TY) REQU RED IF M.S | S REQUI RED FOR
LANDI NG ( REF RULE {A3-202}, M.JS). @[CR5501 ] ®ED ]

d. GROUND TACAN STATI ONS: TWD STATI ONS AVAI LABLE AND
CONFI RVMED OPERATI ONAL W THI N SPECI FI CATI ONS ( REF RULE
{A8-52B}. 2, SENSOR FAILURES). FEDERAL AVI ATI ON
AGENCY ( FAA)/ USAF SPECI FI CATI ONS ARE NOT ADEQUATE
(REF NSTS 07700, VOL X, BOOK 3, PARAGRAPH 1.3.1.1.1).

In order to maximize launch probability by alleviating C-Band tracking data scheduling conflicts with
the Eastern Range Operations Control Center (ROCC), the mandatory requirement for scheduling dual
source high speed tracking for EOM is eliminated, provided that sufficient redundancy is available
(TACAN and IMU) to correct the navigation state prior to violation of entry guidance limits. If sufficient
redundancy is lost during the mission, dual source high-speed tracking becomes mandatory for commit
to deorbit. The TSU trajectory processor Kalman filter cannot meet ground accuracy requirements with
only one source of tracking data. Thefilter requires at least two sources. The 100K-feet altitude
constraint was chosen to allow sufficient time to assess the vehicle energy conditions and to update
onboard navigation state (after nominal TACAN acquisition) in order to correct a violation of delta state
limits. This requirement also allows time to GCA to within guidance limits prior to TAEM.

With three functioning IMU’ s and the associated DPSEPS equipment, the first failureis fully protected
by redundancy management. When two IMU’s are available, 95 percent of the cases involving the
second failure are properly resolved by the IMU RM which uses the IMU BITE logic.

With three functioning onboard TACAN transceivers and their associated DPS equipment, the first
failureisfully protected by redundancy management. When two TACAN's are available, 90 percent of
the cases involving the second failure are covered with TACAN self-test.

With three functioning onboard MLS transceivers and their associated DPS equipment, thefirst failureis
fully protected by redundancy management. When two MLS s are available, a dilemma between the
LRU’swill remain unresolved unless a BITE had been previously set against one of the LRU’s. If the
dilemma is unresolved, MLS may not process at all (for range/azimuth dilemmas) or only partially
process (for elevation dilemmas). For dayswhen MLSisrequired as defined in Rule {A3-202}, MLS
ground tracking is required to resolve dilemmas in order to make the MLS usable. Reference Rule {A8-
18A}, LANDING SYSTEMSREQUIREMENTS. ®[CR5501 ] ®[ED ]
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To ensure that valid TACAN data are available, both primary and secondary ground stations must be
confirmed to be within programmatically required limits (NASA operational requirements of 1 degree
and 0.3 mile per Rule {A8-52B}.2, SENSOR FAILURES, rather than FAA/Department of Defense (DOD)
certification (2.5 degrees and 0.5 mile per NSTS 07700, Vol X specification). With the pre-deorbit
ground station checks, full single fault tolerance exists. If both the primary and the secondary ground
stations were to fail after deorbit, the MCC can uplink another TACAN station. ®[CR5501 ] ®[ED ]

Any failurein either the onboard IMU’s, TACAN's, MLS's, or TACAN ground stations which resultsin
loss of single fault tolerance for entry will require that high speed tracking be provided for EOM.

S-band data is highly desired because it may provide insight in the case of a TACAN bias, although it
cannot by itself be used as a source of “ ground truth.”

In relaxing the tracking data requirement from mandatory to highly desirable, it is understood and
acknowledged to be an acceptable risk to rely totally on TACAN as required to achieve a safe landing.
If the normal ceiling limit exists, and TACAN data is not processed by navigation, and no independent
valid tracking data are present, the vehicle is unlikely to achieve the runway.

4. POST LANDI NG GROUND EQUI PMENT WLL PROVIDE FOR AIR-TO
GROUND VA CE, COWAND, AND TELEMETRY FROM LANDI NG UNTI L
VEH CLE HANDOVER TO GROUND OPERATI ONS MANAGER (GOM) .
REDUNDANCY | S NOT REQUI RED. @[cr5501 ]
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107 _3A-4 | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X
ASCENT AND INTACT ABORT LANDINGS AT KSC
ASCENT/RTLS KSC
SITE STATION | rvpE | RQMNT AIGHER | TAL | AOA&1ST
ID
28.5INC INC DAY PLS
JONATHAN
DICKINSON
MISSILE
JDIS S-BD
TRACKING TLM
ANNEX DIL VOICE 10F2M 10F2M
(JDMTA)
PDL S-BD 14 CMD
PONCE DE U/L VOICE
LEON 1 OF 2 HD 10F2M
FIXED [1] [2]
DIPOLE UHE VOICE
MILS S-BD30-1 | CMD
TLM 10F2M 10F2M 1 OF 2 HD
MLXS sS-BD 30-2 | VOICE
MILA
TELTRAC
UHE VOICE 10F2M 10F2M 1 OF 2 HD
QUAD HELIX
CMD
TLM M [3] M [3] M M [5], [6]
TDRSS WwSsC S-BD VOICE
| TRK HD HD M [5]
CMD
WLPS S-BD 30 TLM HD
WALLOPS VOICE
| QUAD HELIX | UHF VOICE 1 OF 1 HD
MERRITT MLAC FPQ-14
ISLAND MLMC MCB-17 RADAR TRK
PATRICK PATC FPQ-14 RADAR TRK
NOT SCHEDULED
CNVC FPS-16 2 OF 6 HD 2 OF 6 HD ACCEPT BEST
CANAVERAL CMTC MOTR RADAR TRK EFFORT CALLUP
MILS
MILA OR S-BD $£EG'NG
MLXS
WLPC FPQ-6
WALLOPS WLRC FPS-16 RADAR TRK 2 OF43 HD
WLIC FPS-16 4l
®[CR5501 |
TH S RULE CONTI NUED ON NEXT PAGE
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A. A TRAJECTORY SERVER | S CONSI DERED FAI LED FOR ANY OF THE
FOLLOW NG CONDI TI ONS:  @[crR5545 ]

1. ERRCORS IN ONE OR BOTH COMPUTERS THAT AFFECT REQUI RED
PROCESSI NG LI STED I N RULE {A3-51}, TRAJECTORY PROCESSI NG
REQUI REMENTS  e[ED ]

2. ERRORS W TH SECONDARY | NDI CATI ONS OF COVWPUTER PROBLEMS
(SUCH AS ERRORS OF DI FFERENT TYPES, EXCESSI VE CPU USAGE,
CORRUPTED TELEMETRY OR TRAJECTORY PROCESSI NG, ETC.)

Errors can occur in the prime and backup trajectory server with no impact to processing. If one or more
errors occur, and do not affect required processing, the computer is not considered failed.

| B. | F THE PRI VE TRAJECTORY SERVER |'S CONSI DERED FAI LED, AND A
BACKUP TRAJECTORY SERVER | S AVAI LABLE, A SELECTOVER W LL BE
‘ PERFORVED. ®[CR5635 |

Two redundant trajectory serverswill be maintained at all times during this flight to assure availability
of trajectory processing.

The third trajectory server will also be configured to the mission activity for all critical phases asa
“ gtatic standby” and during all other mission phases where not required by another activity.

| C. TRAJECTORY SERVER COW T TO LAUNCH AND REDUNDANCY
REQUI REMENTS ARE DEFI NED I N RULE {107_3A-3}, GROUND AND
NETWORK DETAI LED REQUI REMENTS AND RULE {107 _3A-5}, CRITICAL
LAUNCH SYSTEMS RECOVERY Tl MES. @[CR5545 |

Three Trajectory Serverswill be supporting launch. If the prime and backup Trajectory Servers
suffer unrecoverable failures, only the third Trajectory Server remains available for flight use.
However, this systemwill not be a “ hot backup,” and thus some level of configuration of the third
Trajectory Server to flight-ready statusisrequired. ®[CR5545 ]

Per Rule {A3-51}, TRAJECTORY PROCESSING REQUIREMENTS launch will be No-Go until an
ARD isreconfigured for launch since required processing would otherwise be unavailable. e[ep ]
®[CR5635 ]
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SECTION 4 -

TRAJECTORY AND GUI DANCE

PRELAUNCH ASCENT/ ENTRY

107_4A-1

TRAJECTORY AND GUI DANCE PARANETERS

FLI GHT SPECI FI C TRAJECTORY AND GUI DANCE PARAMETERS AS THEY RELATE
TO THE ALL FLI GHTS RULES ARE LI STED I N THE FOLLOW NG TABLE:

RULE REFERENCE PARAMETER VALUE
ALL NOMINAL THROTTLE 104%
ALL ABORT THROTTLE 104%
ALL MAX THROTTLE 109%
ALL THRUST BUCKET 104/72%
{A4-55} DELTA V ABOVE AFT PRESS QTY 100.9 FPS
{A4-1A} 2 SIGMA + MEAN INFLT FPR 2058 LBS
{A4-1B} 3 SIGMA + MEAN INFLT FPR 3047 LBS
{A2-52}, {A4-55} MINIMUM HP 85 NM
{A4-55} DESIGN MECO UNDERSPEED 240 FPS
{A4-55} CRITICAL MECO UNDERSPEED 1EO 474 FPS
2EO 450 FPS
{A4-57A} NOMINAL 40 FPS
{A2-205B} UNDISPERSED CROSSRANGE:
ASCENDING/LEFT 835 NM
ASCENDING/RIGHT N/A
DESCENDING/LEFT 840 NM
DESCENDING/RIGHT N/A
{A4-107A} DISPERSED CROSSRANGE:
ASCENDING/LEFT 770 NM
ASCENDING/RIGHT N/A
DESCENDING/LEFT 781 NM
DESCENDING/RIGHT N/A NM
| {A4-159} CONT PAYLOAD RETURN AFTER ORBIT 3 N/A

‘ ®[CR 5535 | ®[ED ]

* ALL RIGHT TURN APPROACHES TO CONUS SITES ARE WITHIN CROSSRANGE CAPABILITY.
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107_4A-2 PAYLOAD ALTI TUDE REQUI REMENTS @[cR5541 ]

A.  SPACEHAB HAS NO UNI QUE ALTI TUDE REQUI REMENTS. SPACEHAB
EXPERI MENT MSTRS DESI RES AS CLOSE AS POSSI BLE TO THE
NOM NALLY PLANNED ALTI TUDE OF 150 NM

MSTRS preplanning has involved coordination and scheduling of numerous cooperative ground sites.
Altitudes lower that 150 nm translate to smaller antenna fields of view and thereby decrease time
available for signal acquisition and processing. In addition, some ground sites will not be available at a
lower altitude. A lower altitude will result in a need to reschedul e cooperative ground sites, and could
possibly result in loss of availability of some sites, with resultant sciencelosses. ®pNo1 ]

B. FREESTAR HAS NO UNI QUE ALTI TUDE REQUI REMENTS. FREESTAR
ORBI TAL REQUI REMENTS ARE AS FOLLOWS:

1. I N AN ABORT TO ORBI T SCENARI O, FREESTAR PREFERS | NCREASED
| NCLI NATI ON OVER | NCREASED ALTI TUDE.

2. SOLSE-2 REQUI RES A NEAR Cl RCULAR ORBI T @[CR5541 ]

SOLSE-2 highly desires to be operated at the highest inclination possible to increase in-flight correlation
opportunities with ground-truth measurements.
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ORBI T GENERAL

107_4A-11 ORBI TAL MANEUVER CRI TI CALI TY AND DEFI NI TI ONS

A, ALL STS-107 ORBIT MANEUVERS ARE CLASSI FI ED AS “CRI TI CAL” OR
“NONCRI TI CAL” AS FOLLOWE:

MANEUVER CLASSIFICATION VGO TRIMS (FPS)
OMS-1 CRITICAL FOR CREW SAFETY (IF REQUIRED) |[EACH VGO| <2
OMS-2 CRITICAL FOR CREW SAFETY |[EACH VGO| <2
SIMPLEX NONCRITICAL |[EACH VGO| <2
ORBIT ADJUST (OA) | NONCRITICAL |[EACH VGO| < 0.2
DEORBIT CRITICAL FOR CREW SAFETY [VGOX/Z| < 2; DO NOT TRIM VGOY

Maneuvers listed are not necessarily in time order of execution.

OMS-1 (if required), OMS-2 and deorbit are always considered critical to the crew’ s safety because they
may entail atmospheric reentry if TIG is delayed or an underburn is performed.

Smplex and Orbit Adjust are considered noncritical in the sense that they may be slipped at least one
orbit, or deleted, without impact to crew safety or mission success.

B. CHANGES TO THE PREFLI GHT PLANNED MANEUVER SEQUENCE W LL BE
COORDI NATED W TH THE PAYLQOAD CUSTOVERS AS FOLLOWE:

THE SPACEHAB CUSTOMER, THE GSFC POCC, AND DOD REP W LL
BE NOTI FI ED DAI LY OF CHANGES TO THE PREFLI GHT BURN PLAN
W TH ESTI MATES OF THE MAGNI TUDE OF EACH BURN. I N THE
EVENT OF ANY UNSCHEDULED BURN, THEY W LL BE NOTI FI ED AS
SOON AS PGSSI BLE.

The burn plan information is required to plan experiment operations which are affected by OMSRCS
contamination or accelerations environments. Some door s/covers may need to be closed for certain
burns. In the event of any unscheduled burn, such as a collision avoidance burn, at least 15 minutes are
required to compute and prepare the burn PAD. The payl oads can use this time to perform commanding
to minimize the impact to science.
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107_4A-12 EOM ORBI T ADJUST BURNS

A. | F PROPELLANT IS AVAI LABLE, ORBI T ADIJUSTS MAY BE PERFORVMED
TO | NCREASE THE NUMBER OF DECRBI T OPPORTUNI TI ES AVAI LABLE.
IF AN ELLIPTIC ORBIT I S TARGETED FOLLON NG THE ADJUST,
STEEP DEORBI T CAPABI LI TY SHALL BE RETAI NED TO SATI SFY RULE
{A4- 103A}. 3, OFF- NOM NAL ORBI TAL ALTI TUDE RECOVERY
PRI ORI TI ES. e[ED ]

B. THE ORBI T ADJUST PLAN WLL ATTEMPT TO ACH EVE THE FOLLOW NG
COMBI NATI ONS OF LANDI NG OPPORTUNI TI ES STATED | N ORDER OF
DECREASI NG PRI ORI TY.  ONLY OPPORTUNI TI ES WHI CH SATI SFY THE
CREW DAY CONSTRAI NTS (REF RULE {A4-107A}.7, PLS/ EOM LANDI NG
OPPORTUNI TY REQUI REMENTS), W LL BE CONSI DERED (7 HRS < AWAKE
TI ME BEFORE LANDI NG < 16 HRS). AN ORBI T ADJUST PLAN WH CH
WOULD RESULT I N LOSS OF OPPORTUNI TIES AT A HI GHER PRI ORI TY
THAN THOSE GAI NED W LL NOT BE PERFORMED EVEN | F DAYLI GHT
OPPORTUNI TI ES ARE PROVI DED BY THE PLAN. eED ]

PRIORITY SITE EOM EOM + 1 EOM + 2

1 KSC
EDW

2 KSC
3 KSC
4 EDW
5 EDW
6 KSC
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GENERAL

107_7A-1 CONSTRAI NTS ON PORT MODI NG OR |/ O RESETS

THERE ARE NO PAYLOAD CONSTRAI NTS ON PAYLOAD MDM PORT MODI NG OR SM
| / O RESETS.

Both port moding and 1/0 resets are transparent to the STS-107 payload complement.

107_7A-2 ORBI TER DATA PROCESSI NG SYSTEM

FOR FAI LURE OF THE SM GPC | NTERFACE TO ElI THER PAYLQAD DATA BUS
RESULTI NG I N SELECTI ON OF ONLY A SI NGLE PF NDM AT A TI Mg,
SELECTI ON OF PF1 | S PREFERRED OVER PF2 FOR ALL PAYLQAD

OPERATI ONS.

The PF1 MDM provides GPC control over the Ku-band antenna, as well as communications with
FREESTAR via PSP 1. FREESTAR utilizes PSP 1 only for command throughput and is not wired to PSP
2. Ku-band operations provide command path to Spacehab, downlink of Spacehab high rate data, and
video and OCA files downlink for both Spacehab and FREESTAR..
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107_7A-3 LOSS OF ORBI TER MASTER TI M NG UNI T ( MTrU) / PAYLOAD
TI M NG BUFFER

A, SHOULD THE MIU FAIL, ALL PSP COMVANDI NG WOULD BE LOST, IN
ADDI TI ON TO TI ME Sl GNALS PROVI DED TO THE PAYLOADS VI A THE
PAYLOAD TI M NG BUFFER ( PTB).

All PSP commanding is lost when the MTU fails. Reference Rule {107_11A-1}, PAYLOAD GROUND
COMMANDING, for impacts and wor karounds for the loss of PSP commanding. ®pN75 ]

B. THE FOLLOW NG EXPERI MENTS ARE | MPACTED BY LOSS OF TI M NG
S| GNAL:

1. SPACEHAB — LOSS OF GREENW CH MEAN TIME (GMI) | MPACTS
M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MBTRS).
LOSS OF BOTH GMI AND M SSI ON ELAPSED TI ME (MET) | MPACTS
STAR NAVI GATI ON ( STARNAV) .

The MTU supplies GMT and MET to various downstream users, including payl oads via the PTB. The
MSTRS Spacehab payload receives GMT directly from the PTB from the GMT IRIG-B converter and
cannot use MET. Therefore, if the GMT IRIG-B converter fails, MSTRSwill not have timetag
information and resultsin loss of nearly all science objectives. The Spacehab Experiment Data System
(EDS) uses GMT or MET from the PTB to generate and provide NTP for Spacehab experiments,
including Space Accelerometer System (SAMS)-FF, CM-2, STARS BOOTES, and STARNAV. If both
GMT and MET signals are lost, then the EDS usesits internal time, which may drift. This could result in
science loss for STARNAV since accurate timing signals are required for its attitude determination
algorithm. Aslong as GMT or MET is available from the PTB, STARNAV will not suffer any science
loss. SAMSFF, CM-2, and STARS-BOOTES science will not be impacted by loss of both GMT and
MET, but post-flight analysis may be more difficult.

2. FREESTAR — LOSS OF MASTER TIM NG UNIT (MIU) RESULTS
IN LOSS OF TI ME TAG | NFORMATI ON TO FREESTAR SUBSYSTEM
PDI  DATA

Orbiter MET supplied by the MTU to the PTB is provided to FREESTAR.
3. QARE

Thisruleisin support of Rule {A2-335}, LOSS OF ORBITER MASTER TIMING UNIT
(MTU)/PAYLOAD TIMING BUFFER. ®pN75 ] ®ED ]
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SECTI ON 8 - GUI DANCE, NAVI GATI ON, CONTROL (GNC)

GENERAL

107_8A-1 GPS DTO 700-14 OPERATI ONS GUI DELI NES

THE FOLLOW NG OPERATI ONAL TEST OBJECTI VES SPECI FI ED | N DTO 700- 14
(SI NGLE STRI NG GLOBAL POSI TI ONI NG SYSTEM) W LL BE PERFORVED | N
THE SPECI FI ED MAJOR MODES:

A GPS SELF- TEST (GNC OPS 801)

B. GPS SHORT AND LONG POWER CYCLES (GNC OPS 201)

C. GPS POMNER CYCLE ( GNC OPS 201, GNC OPS 301)
D.

GPS FI LTER RESTART (GNC OPS 201, GNC OPS 301)

107 _8A-2 RESERVED eDN46 ]
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107_8A-3 DEU EQUI VALENT MANEUVER COMVANDI NG DURI NG CREW
SLEEP

(REFERENCE RULES {A2-111}, DPS COWAND CRI TERI A AND {A7-108},
DEU EQUI VALENT CRITERIA. ) eED ]

A IF ACRTICAL MVANEUVER IS REQU RED, I T IS DESI RABLE TO LQAD
AS A FUTURE MANEUVER. WHEN THI S IS NOT PGOSSI BLE, CREW ALERT
SPC S WLL BE USED AS REQUI RED TO ENSURE CREW WAKEUP TO
PROTECT FOR AN UNEXPECTED LOSS OF COW

A*“ critical maneuver” is defined as any maneuver that is required to prevent the orbiter, payload or
crew constraint from being violated. In these circumstances, a future maneuver may be used to help
ensure that the violation does not occur. If it is not possible to load the future maneuver because of
other intermediate maneuvers, a stored programmed command (SPC) may be used to wake the crew if an
unexpected loss of communications occurs. Potential violations include such things as orbiter thermal
constraints, excessive propellant usage, uncomfortable cabin temperature changes, and payload
experiment objective/constraint violations. When this situation exists, “ safe” bailout attitudes and

DAP swill be provided to the crew prior to crew sleep.

B. ALL NON- STANDARD MANEUVER STARTS AND STOPS W LL BE SCHEDULED
DURI NG ACS.

In order to provide MCC monitoring, all non-standard maneuverswill be scheduled to start and stop
during AOS. Thiswill allow the MCC to monitor for any unusual and unexpected behavior such as DAP
shelf pulsing and vernier jet on-time violations. Non-standard maneuvers are those that have required a
flight-specific analysis (i.e., unusual attitude or rate deadbands and rotation rates, orbiter/HST attached
ops, loaded RMS ops, orbiter/Mir docked ops, €tc.).

TH'S RULE CONTI NUED ON NEXT PAGE
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GENERAL

107_9A-1

ORBI TER PAYLOAD BAY FLOODL!| GHT CONSTRAI NTS

A. FREESTAR

1. ALL PAYLOAD BAY FLOCDLI GHTS AND EXTERNAL LI GHT SOURCES
ARE REQUI RED TO BE OFF DURI NG DEDI CATED OBSERVATI ONS AND
CALI BRATI ONS FOR MEI DEX

2. ALL PAYLQAD BAY FLOODLI GHTS AND EXTERNAL LI GHT SOURCES
ARE REQUI RED TO BE OFF DURI NG SClI ENCE OBSERVATI ONS FOR

SCLSE

Camera D with illuminator ring will be utilized during SOLSE door opening/closing over orbit eclipse
in order to view the functioning of the door. Illuminator ring will be turned off following door opening.

®[CR5844 |

3. ALL PAYLQAD BAY FLOODLI GHTS AND EXTERNAL LI GHT SOURCES
W TH N 45 DEGREES OF THE CENTRAL VI EW NG AXI' S OF SCOLCON
(PARALLEL TO -Z AXIS QUT OF THE PLB) ARE REQUI RED TO BE
OFF DURI NG EXPERI MENT OPERATI ONS.

B. SPACEHAB HAS NO PAYLOAD BAY FLOCDLI GHT CONSTRAI NTS.

C. ATTI TUDE DEPENDENT OPERATI ON OF THE PAYLOAD BAY LIGHTS IS
LI M TED TO THE FOLLOW NG CONSTRAI NTS:

ORBITER ATTITUDE

FWD PORT AND STBD
LIGHTS 1 AND 2

MID PORT AND STBD
LIGHTS 3 AND 4

AFT PORT LIGHT 5
AFT STBD LIGHT 6

BAY TO EARTH/
TAIL TO EARTH/
BOTTOM TO EARTH

NO CONSTRAINT

OFF AT ALL TIMES

NO CONSTRAINT

BAY TO SUN/
SOLAR INERTIAL

ON 75 MINS FOLLOWED
BY AT LEAST 45 MINS
OFF

OFF AT ALL TIMES

ON 150 MINS FOLLOWED
BY AT LEAST 45 MINS
OFF

The attitude dependent payload bay flood light (PBFL) operational constraints are based on PLBFL

system thermal limitations.
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107_9A-2 ON- ORBI T PAYLOAD BUS POVNER LEVEL MANAGEMENT

THE PRI MARY PAYLOAD PONER SOURCES TO THE ORBI TER PLB FOR STS-107
WLL BE MANAGED AS FOLLOWS:

A. PRI MARY PAYLOAD MNC AND FC3 — NOM NAL POWER LEVELS ABOVE 8 KW
CONTI NUQUS ARE PERM SSI BLE PROVI DED | NDI VI DUAL FUEL CELL
POANER CONSTRAI NTS ARE NOT VI OLATED AND ADEQUATE BUS VOLTAGES
ARE MAI NTAI NED.

B. PR MARY PAYLOAD MNB - 7 KW CONTI NUOUS, AND PEAK

For STS-107 the nominal on orbit power configuration for the primary payload bus is the MNC bus feed.
During nominal on-orbit operation main B will be tied to MNC so that fuel cells 2 and 3 will sharethe
load on the primary PL bus. The MNC and FC3 feeder constraints are based upon FC power
limitations. It has always been the philosophy to feed the payloads from orbiter buses rather than
directly from the FC, when possible. If it becomes necessary the FC3 feed can be used and has the same
power constraints as the orbiter MNC bus feed.

The maximum continuous payl oad bus power level planned for STS-107 is slightly over 8 kW. For STS
107 a power analysis was done. Results showed that adequate bus voltages will be maintained for the
planned maximum continuous payload power level provided the fuel cells are performing at curve 16 or
better. The Fuel Cell performance requirement is documented in the Flight Requirements Document.
The power exceedance is documented in ICD-2-19001.

Per Rule {A9-51}, FC POWER LEVEL CONSTRAINTS the fudl cells may be nominally operated from 2
to 10 kW continuously and between 10 and 12 kW for not more than 15 minutes every 3 hours. In the
nominal bus tied configuration the planned loads should not violate the individual fuel cell power
constraints. If, however, it becomes necessary, the Payload power would be managed to maintain the
individual fuel cellswithin their power level constraints. e[Ep ]

Per Rule {A9-109}, PRIMARY PAYLOAD BUS MANAGEMENT, the MNB feeder is constrained to 7 kw
continuous and peak. This constraint is based on bus configuration not on a fuel cell power limitation.
Therefore, if the MNC or FC3 to primary PL bus connections become unavailable then primary payload
bus power thru the MNB connection must be managed to maintain the power level lessthan 7 kW
continuous and peak.

Reference: Rules {A9-109}, PRIMARY PAYLOAD BUS MANAGEMENT, {A9-51}, FC POWER LEVEL

CONSTRAINTS and {A9-352}, SPACEHAB MAIN BUSMANAGEMENT, ICD —2-19001, STS 107 FRD.
®[ED ]
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107_9A-3 SURVI VAL PONER CONFI GURATI ON

A.  SPACEHAB

1. FOR THE SPACEHAB MODULE, THE M NI MUM PONER LEVEL
REQUI RED IS 1699 WATTS (W AVERAGE POVER, 1837 W

( MAXI MUM CONTI NUOUS POAER) AND 1921 W ( PEAK POVER) .
®DN77 ] ®CR5703 ]

2. FOR THE SPACEHAB M DDECK EXPERI MENTS, THE M NI MUM POER
LEVEL REQUI RED |'S 384 W (AVERAGE AND MAXI MUM CONTI NUOUS
POAER) AND 388 W ( PEAK POVER) .

The survival power level is the minimum power level required to preserve science and is used for the
entry configuration. Power requirements for all Spacehab experiments nominally powered for entry are
included in this minimum power level since these experiments require continuous power. This minimum
power level may also be used for an orbiter problem, requiring reduced total power levels. The
following Spacehab module experiments are powered during entry: CIBX, STARS-BOOTES, EOR/F,
TEHM, APCF, Biobox, BDS-05, AST-10/1, CPCG-PCF, and FRESH-2. The following Spacehab
middeck payloads are powered during entry: CEBAS, CMPCG, and Biopack.

B. FOR FREESTAR, THE M NI MUM POAER CONFI GURATI ON REQUI RES 480 W
( MAXI MUM CONTI NUQUS POVER) . @[crR5848 ]

This value corresponds with 11.5 kwhr for 24 hours of operations and assumes power for the FREESTAR
avionics and heaters. The applicable heater duty cycle from table 4-1 should be applied for deviations
from a bay-to-earth attitude when determining extension day power requirements. If additional power is
available for science, the maximum power required is17.86 kwhr. ®DN77 ] ®[CR5848 |

STS-107 12/19/02 FINAL, PCN-1 ELECTRICAL 9-3
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107

12/19/02 FINAL, PCN-1 ELECTRICAL
Verify that this is the correct version before use.

9-4



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 10 — MECHANI CAL

GENERAL

107_10A-1 AUXI LI ARY POAER UNI T (APU) LEAKS

| F AN APU MUST BE STARTED DUE TO AN ACTUAL OR SUSPECTED FUEL
LEAK, FREESTAR PAYLOADS ( MEI DEX, SCLSE AND SOLCON) WLL CLOSE
THEI R EXTERNAL COVERS PER {107_2A-61}, CONTAM NATI ON CONSTRAI NTS
SUMVARY. APU START W LL NOT BE DELAYED TO PERFORM THI S ACTI ON.

An APU that develops an actual or suspected leak on orbit will be started and run to depletion per Rule
{A10-27B}, APU FUEL LEAKS[CIL]. Payload contamination dueto APU exhaust is a concern.
However, delaying APU start in order to close coverswill increase the amount of Hydrazine in the aft
compartment, increasing the risk of fire during entry. ®[ED ]

107_10A-2 HYDRAULI C Cl RCULATI ON PUVMP OPERATI ON CONSTRAI NTS

THERE ARE NO CONSTRAI NTS TO HYDRAULI C Cl RC PUMP STARTUPS ON A
MAI'N BUS THAT PONERS THE PRI MARY PAYLOAD BUS DURI NG ORBI'T
OPERATI ONS.  PLANNED OPERATI ON OF THE PUMPS W LL BE COORDI NATED
W TH THE SPACEHAB SHOD.

The voltage ripple caused by the startup of a hydraulic circ pump is not a concern for the payloads on
thisflight. Pump operation causes a substantial disturbance to the microgravity environment needed for
Spacehab science. Coordination ensures postflight data reduction can identify disturbances attributed to
circ pump operations. Prior approval to run a circ pump is not required.
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107_10A-3 KU- BAND ANTENNA STOW REQUI REMENTS

A, FOR LCSS OF REDUNDANT KU- BAND ANTENNA STOW CAPABI LI TY, THE
DEPLOYED ASSEMBLY W LL BE STOANED AS SOON AS PRACTI CAL AFTER
SPACEHAB AND FREESTAR PAYLOAD OPERATI ONS ARE COVPLETE BUT NO
LATER THAN THE BEG NNI NG OF THE DAY PRI OR TO ENTRY.

Thisruleis a flight specific scenario allowed by Rule {A10-301}, ANTENNA STOW REQUIREMENT
[CIL]. The Ku-band subsystem is mandatory for Spacehab and FREESTAR payloads. Therefore,
stowing the deployed assembly (consisting of the antenna dish, gimbal motors, and deployed electronics)
immediately after deployment actuator stow redundancy has been lost would be costly in terms of mission
success. However, in order to minimize the potential of a second failure that would require a deployed
assembly jettison, and in order to allow sufficient time to respond to any contingency that may arise
during the stow operation (including the need for an EVA), the deployed assembly shall be stowed at |east
1 day prior to deorbit. The antenna dish can be positioned manually during an EVA if a gimbal motor or
gimbal motor drivefails, in order to permit locking the gimbals for entry. However, the deployed
assembly cannot be manually repositioned to within the GO FOR PLBD CLOSURE envelope in the event
of a dual motor deployment actuator failure. ®[ED ]

B. FOR LOSS OF TEMPERATURE CONTROL OR TEMPERATURE MONI TORI NG
CAPABI LI TY, THE KU- BAND ANTENNA W LL BE STONED AS SOON AS
PRACTI CAL AFTER SPACEHAB AND FREESTAR PAYLQOAD OPERATI ONS ARE
COVPLETE BUT NO LATER THAN THE BEG NNI NG OF THE DAY PRI OR TO
ENTRY.

Thisruleis a flight specific scenario allowed by Rule {A10-301}, ANTENNA STOW REQUIREMENT
[CIL]. Precise antenna positioning capability is required to lock the gimbals and properly stow the Ku-
band antenna. When the temper ature of the antenna gyro mechanism, signal feed, or the alpha or beta
gimbal angle cannot be maintained within SODB limits, the capability to obtain correct stow angles may
belost. The Ku-band antenna deployed assembly gimbals must be locked for entry, or jettison is
inevitable. Therefore, when the Ku-band antenna temperature control or monitoring capability is lost,
the Ku-band systems should be deactivated and the antenna stowed as a precaution following Spacehab
and FREESTAR operations. ®[ED ]
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107_10A-4 FI LLED CAC STOWAGE MANAGEMENT

A. THE NUMBER OF FI LLED CONTI NGENCY WATER CONTAI NERS (CWC' S) IN
THE ORBI TER W LL NOT EXCEED THE NUMBER OF CERTI FI ED STOMNGE
LOCATI ONS AVAI LABLE FOR LANDI NG THE MAXI MUM NUMBER OF FI LLED
CWC S THAT MAY BE RETURNED IN THE ORBITER | S FOUR

Preflight planned stowage has been reviewed and the number of certified stowage locationsis limited to
thisamount. The available CWC stowage locations are two in Volume F, and one each in volumes G
and H.

| B. REFERENCE RULE {A18-606}, RDM CONDENSATE STORAGE TANK
( CST) / CONTI NGENCY WATER CONTAI NER ( CWC) MANAGEMENT, FOR
CONSTRAI NTS ON CWC STOWAGE | N THE SPACEHAB. oeEp |

CWC’ s may be stowed in Spacehab per Rule {A18-606}, RDM CONDENSATE STORAGE TANK
(CST)/CONTINGENCY WATER CONTAINER (CWC) MANAGEMENT, if orbiter certified stowage
locations are not available. ®[ED ]
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SECTI ON 11 - COVMUNI CATI ONS

GENERAL

107_11A-1 PAYLOAD GROUND COMVANDI NG

A.  ALL PAYLOAD COMVANDI NG W LL BE COCORDI NATED W TH HOUSTON
FLI GHT THROUGH HOUSTON PAYLQADS OR | NCO PER RULE {A2-313},
GROUND COWANDI NG @[DN76 ] ®ED ]

B. NOM NALLY, POCC COMMANDI NG | S SI NGLE STAGE, PAYLOAD
THROUGHPUT COVMANDI NG TO THE PAYLOAD THROUGHPUT COMVAND ( PTC)
BUFFER AND W LL BE MANAGED SO THAT MJULTI PLE POCC S ARE
ENABLED SI MULTANEQUSLY. | F THE NEED FOR POCC TWD- STAGE
COWANDI NG ARI SES, POCC AND MCC COMMANDI NG TO THE SM GENERAL
PURPOSE COMPUTER (GPC) TWDO STAGE BUFFER W LL BE MANAGED SO
THAT BOTH ARE ENABLED SI MULTANEQUSLY. SI MULTANEQUS ( SI MO
COMWANDI NG THROUGHOUT EACH TDRS PASS | S APPROVED UNDER THE
FOLLOWN NG CONDI TI ONS:  epN70 ]

1. ALL POCC HAZARDOUS COMVANDI NG W LL BE COORDI NATED W TH
HOUSTON PAYLOADS PRI OR TO COMNVAND | NI Tl ATI ON. THERE ARE
NO POCC HAZARDOUS COVWNANDS DEFI NED FOR STS- 107.

2. THE COWANDI NG PARTY |'S RESPONSI BLE FOR DETECTI NG AND
RETRANSM TTI NG ANY LOST COVVANDS.

3. POCC COVVANDI NG W LL NOT BE PLANNED TO OCCUR DURI NG
CRI TI CAL ORBI TER COMVANDI NG,

4. LARGE COMVAND BLOCKS (MCC OR POCC), WLL BE COCRDI NATED.

S MO commanding is possible, with the risk that contention over the PTC buffer by POCC commanding
or the two-stage buffer by POCC or MCC or two-stage commands. The ground command server will
normally reject commands that do not have adequate spacing, but sometimes command spacing may
result in the systems management (SM) GPC rejecting one of the commands. Either the POCC or the
MCC INCO can detect lost commands and retransmit them. This method of commanding is less
desirable than a more structured method where contention over the PTC buffer or two-stage buffer is
procedurally avoided. Due to safety considerations, hazardous commands must always be coordinated.
To avoid loss of critical orbiter commands, POCC commanding will be planned around these critical
commands. Since large blocks of commands require more command system time, more care must be
used to avoid contention and loss of these types of commands; therefore, large command blocks will still
require coordination. ®pN70 ]
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107_11A-1 PAYLOAD GROUND COMVANDI NG ( CONTI NUED)

C. REMOTE POCC LOCATI ONS

1. SPACEHAB COMIVANDI NG VI A THE MCC REMOTE POCC | NTERFACE
SHALL ORI G NATE FROM THE JSC PQOCC.

2. FREESTAR COWANDI NG VI A THE MCC REMOTE POCC | NTERFACE
SHALL ORI G NATE FROM THE GSFC POCC. LPT COWANDI NG VI A
GN STATI ONS | NTERFACE SHALL ORI G NATE FROM THE GSFC PQOCC
OR LPT BACKUP POCC AT GSFC. e[cr5849 ]

SOLCON and CVX will also command via Remote POCC’ s in Belgium and at Glenn Research Center,
respectively. SOLCON and CVX commands originating from the Remote POCC’ s will be transmitted to
the GSFC POCC and forwarded to JSC via standard HH command lines. In case of GS-C POCC
evacuation, FREESTAR will relocate to a backup POCC. The backup POCC is operationally similar in
architecture to the SOLCON and CVX remote POCC’'s. Commands from the backup POCC will be
transmitted to the primary GSFC POCC and forwarded to JSC via standard HH command lines. The
backup FREESTAR POCC relies upon the front-end processor in the primary POCC remaining
configured and functional at time of evacuation. In the case of a POCC evacuation, LPT will command
to the GN stations from a separate backup facility located at GSFC. eDN59 ] ®[CR5849 |

D. SPACEHAB COMMVAND REQUI REMENTS

1. SPACEHAB REQUI RES PAYLOAD SI GNAL PROCESSOR ( PSP)
COWANDI NG FOR SPACEHAB ACTI VATI QV DEACTI VATI ON AND FCOR
THE FOLLOW NG PAYLOADS: @pDN76 ]
a. BI OBOX
b. Bl OPACK
c. COWPLEX
d. MM
e. MSTRS

2. FOR THE LGSS OF PSP COWANDI NG KU CHANNEL 1 FORWARD LI NK
COVIVANDI NG MAY BE USED AS A BACKUP FOR EXPERI MENT
COVIVANDI NG DEPENDI NG ON AVAI LABI LI TY.

Spacehab commanding via the PSP is the only command path for several SH subsystems and is the
primary command path for the Biobox, Biopack, COM2PLEX, MGM, and MSTRS experiments. The
backup command path for these experimentsis via the Ku-band system. epNn76 ]
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E. FREESTAR COMVAND REQUI REMENTS

1. GROUND COWANDS FROM THE FREESTAR POCC W LL BE USED TO
CONDUCT THE MAJORI TY OF FREESTAR EXPERI MENT OPERATI ONS.
I N ADDI TI O\, CREWEMBERS COMVAND THE MEI DEX AND SOLSE
| NSTRUVENTS.

Most FREESTAR experiment operations are controlled by ground command. Onboard activation and
deactivation, MEIDEX door operations, MEIDEX commanding (primary mode), LPT power enable and
SOL SE activation, deactivation, command and control are performed by the crew. All SOLSE commanding
will be performed via PGSC command.

2. FREESTAR REQUI RES PAYLOAD COMVANDI NG DURI NG THE FOLLOW NG
PERI ODS:

a. FOR 30 M NUTES | MVEDI ATELY FOLLOW NG ACTI VATI ON

b. FOR AT LEAST 10 M NUTES I N APPROXI MATELY EACH 90
M NUTE | NTERVAL THROUGHOUT THE M SSI ON, AND FOR AT
LEAST 15 M NUTES | N APPROXI MATELY EACH 3 HOUR
| NTERVAL DURI NG ORBI TER SAFETY- CRI TI CAL OPERATI ONS.

c. MAXI MUM AVAI LABLE COMVANDI NG DURI NG ALL DEDI CATED
MEI DEX, CVX, SOLCON, AND LPT OPERATI NG PERI ODS

d. FOR 15 M NUTES NO SCONER THAN 30 M NUTES BEFORE EACH
EXPERI MENT OBSERVATI ON.

e. SIXTY M NUTES FOR MEI DEX EXPERI MENT CHECKOUT AS SOON
AS PGOSSI BLE FOLLOW NG HI TCHHI KER ACTI VATI ON

The primary means for MEIDEX commanding during dedicated observations is via PGSC command
(commanding can alternately be performed from the ground if crew support is unavailable).

f. 60 MNUTES FOR CVX OPERATI ONS | MVEDI ATELY FOLLOW NG
H TCHH KER ACTI VATI ON AND | MVEDI ATELY PRI OR TO HH
DEACTI VATI ON

g. 10 M NUTES FOR SOLCON CHECKOUTS PRI OR TO AND
FOLLOW NG EACH OBSERVATI ON (W THI N 60 M NUTES OF
OBSERVATI ON)
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h.  NEAR- CONTI NUOUS PSP BEG NNI NG FI FTEEN M NUTES PRI OR
TO DEDI CATED LPT OPERATI ONS AND CONTI NUI NG THROUGHOUT
OPERATI ONS

LPT highly desires maximum available PSP throughout the mission in order to accomplish supplemental
flight objectives. Payload commanding and telemetry during GN and TDRS tests will be primarily
performed via direct communications between LPT and Ground Sations (MILA, WLPS or DFRC)
through TDRSS. Primary command during GPStests and backup command and tel emetry capability
during GN and TDRStests will be provided via the HH avionics (use of direct to ground communications
isrequired to achieve full experiment success).

i. FOR 20 M NUTES PRI OR TO DEACTI VATI ON

FREESTAR may reguest additional periodic commanding to maintain experiment health and to support
measur ements of opportunity on a non-interference basis.

3. FOR LOSS OF COMVAND CAPABI LI TY TO THE HH PAYLOAD, THE HH
PAYLOAD W LL REMAI N ACTI VATED, THE MElI DEX AND SOLSE
OPERATI ONS W LL BE COWANDED BY THE CREW VI A THE PGSC,
AND THE LPT OPERATI ONS W LL BE COMVANDED VI A GROUND
STATI ONS.

The HH heaters and payload instruments must remain powered on in order to prevent hardware damage.
Payload survival heaters and HH avionics/heaters are sensor controlled. In the event that the thermal
environment is not compatible with the HH configuration, the POCC may request that the HH payload
be powered down prior to the nominal powerdown. There are no safety concerns with leaving the HH
payload powered up. HH telemetry maybe monitored at the HH POCC to ensure that the HH payl oad

instruments will not be damaged. Note that PSP-1 is the only ground command path to the HH avionics.
®DN76 ]

LPT can accomplish a limited set of its nominal operations via direct commanding from ground stations
or via the TDRS network. With loss of PSP, MEIDEX can accomplish their flight objectives via PGSC
command/control. SOLSE is controlled entirely through the PGSC interface and does not utilize PSP
commanding. SOLSE, MEIDEX, and LPT operations can continue as long as their power relays have
been activated via HH carrier PSP command prior to MTU failure. For loss of command, CVX-2
operationswill continue. CVX-2 is programmed with a default timeline which requires approximately
200 hoursto complete. The optimum CVX mission plan requires extension of this timeline to 304 hours.
Alteration of the default timeline will require commanding during the first 4 days of the mission. Should
CVX lose the ability to command during this period, the instrument will performtheinitial part of the
304-hour timeline and then revert back to the default timeline, with probable loss of all remaining
science. Should CVX lose commanding after the first 4 days of the mission, the instrument will execute
the programmed 304-hour timeline. ®DN76 ] ®CR5849 |
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A.  SPACEHAB TFL REQUI REMENTS — A TFL SUPPORTI NG 32 KBPS
TELEMETRY | S REQUI RED FROM SPACEHAB ACTI VATI ON TO
DEACTI VATI ON EXCEPT WHEN ORBI TER HDR GNC IS REQUI RED.  epNn4 ]

PDI data is nominally used for SPACEHAB systems, Biobox, Biopack, CM-2, COM2PLEX, EOR/F, HLS
TEHM, MGM, and MSTRS. ®[CR5554 ]

B. FREESTAR TFL REQUI REMENTS

1. A TFL SUPPORTI NG FREESTAR 8 KBPS TELEMETRY | S REQUI RED
FROM FREESTAR ACTI VATI ON TO DEACTI VATI ON.

The 8 kbps data streamis required to monitor FREESTAR health and status. ®[cr5542 ]

2. |IF ATFL I'S REQU RED THAT DOES NOT SUPPORT FREESTAR
TELEMETRY DUE TO ORBI TER SAFETY CRI TI CAL OPERATI ONS OR
H GHER PRI ORI TY PAYLOAD OPERATI ONS, PDI DATA IS REQUI RED
AT LEAST 15 M NUTES | N EACH 3- HOUR | NTERVAL.

FREESTAR will negotiate waiving the telemetry requirement during brief periods of other high-priority
payl oad operations.

3. FOR UNPLANNED LOSS OF ALL ElI GHT KBPS DATA, FREESTAR W LL
REVAI N ACTI VATED AND SCI ENCE OPERATI ONS MAY CONTI NUE AT
THE DI SCRETI ON OF THE FREESTAR POCC.

FREESTAR needs to keep the HH avionics heaters and the FREESTAR experiment heaters on to prevent
hardware damage. FREESTAR and HH avionics heaters are sensor controlled and affixed to the
hardware mounting plates. There are no safety concerns with leaving FREESTAR powered without
insight into payload health and status. Based on the discretion of the FREESTAR POCC, science
operations may continue as long as the last available housekeeping telemetry indicated FREESTAR was

| functioning nominally. With total loss of eight kbps data, MEIDEX, SOLSE, SOLCON, and LPT will be
able to continue operations through crew PGSC interaction (MEIDEX and SOLSE), on-board recording
(SOLCON and CVX), and ground station interfaces (LPT). SOLCON will be able to continue operations
as data will be recorded within the instrument Mass Memory Unit (MMU). CVX has the internal

capability to record all data. Insight to viscometry data and unique phenomena will belost. @pbns ]
®DN60 ] ®CR5850 |

TH'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 COMMUNICATIONS 11-5
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_11A-2 PAYLOAD TELEMETRY ( CONTI NUED)

C. ORBI TER TFL REQUI REMENTS BEYOND THOSE COVERED | N RULE
{A2- 129}, ORBITER ON-ORBI T H GH DATA RATE REQUI REMENTS.
®DN87 ] ®[ED ]

1. TFL 161 IS PREFERRED FOR FCS CHECKOUT

Rule {A2-129}, ORBITER ON-ORBIT HIGH DATA RATE REQUIREMENTS, documents the mandatory
requirement for high rate Ol data in support of FCS checkout. Several STS-107 telemetry configurations
supply high rate Ol data, but do not supply the full set of desired parameters for evaluation of the APU
hydraulic systems. ®[ED ]

2. H GH RATE GNC DATA IS REQUI RED DURI NG THE RCS HOTFI RE
TEST.

3. H GH RATE GNC DATA IS REQUI RED | N SUPPORT OF GPS ON-ORBI' T
OPERATI ONS.

Reference section 3.7 of NSTS-16725 FTSOD.

4. H GH RATE GNC DATA IS H GHLY DESI RED JUST PRI OR TO EACH
| MJ ALl GN.

High rate GNC data is highly desired to capture star data used for the IMU align.

5. H GH RATE O DATA | S DESI RED AT ALL TI MES FOR | NCREASED
ABI LI TY TO DI AGNOSE ELECTRI CAL SHORTS.

Orbiter bus current sensor data is downlinked at a higher sample ratein high rate Ol data. The higher
rate increases the statistical probability of capturing bus shorts when they occur. epnsg7 ]
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A.  KU-BAND CONSTRAI NTS

1. ALL PAYLOADS W LL BE PROTECTED BY THE STANDARD BETA 21+
MASK MODE OF OPERATI ONS

2.  NElI THER SPACEHAB NOR FREESTAR HAVE ANY OTHER CONSTRAI NTS
AGAI NST OPERATI ONS OF THE KU- BAND SYSTEM

The KU-band comm systemwill be managed to preclude the direct radiation of LPT at greater than 70
volts/meter. The standard beta 21 + mask mode does not violate LPT constraints.

B. PAYLOAD REQUI REMENTS FOR KU COVMUNI CATI ONS
1. SPACEHAB:

a. KU 128 KBPS FORWARD LI NK COMVANDI NG TO THE RDM
EXPERI MENT DATA SYSTEM AND EXPERI MENTS. @[crsss4 |

Ku 128 kbps forward link commanding is the primary command path for the Experiment Data System,
the Video Digitizer System (VDS) and CM-2, FAST, MSTRS, SAMS FF, STARS-Bootes, STARNAYV, and
ZCG. The backup command path for these experimentsis via PSP commanding. ®[CR 5624 |

b. CHANNEL 1 FOR DOMLI NK VO CE, ORBI TER SYSTEMS DATA
AND SPACEHAB SYSTEMs DATA VI A THE PDl .

c. CHANNEL 2 FOR SPACEHAB SYSTEMS DATA, SPACEHAB
EXPERI MENT DATA, AND PAYLOAD RECORDER DUMPS OF OARE
DATA

Channel 2 data is utilized by the SH VDS and by ARMS, CM-2, FAST, SAMS FF, STARNAY,
STARS-Bootes, VCD, and ZCG. The VDS has no unique data requirements, but is used in support
of experiments. ®[CR5624 |

d. CHANNEL 3 FOR VI DEO DOMLI NK AND SPACEHAB LGOS
RECORDER DUMPS

e. CHANNEL 2 OR 3 FOR OCA DOMLI NK OF ASTRCCULTURE FI LES
®[CR5554 |
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2. FREESTAR

a. CHANNEL 3 FOR VI DEO DOANLI NK OF MElI DEX OBSERVATI ONS
AND | NI TI AL DOOR OPENI NGS FOR MElI DEX AND SCLSE.

b. CHANNEL 2 OR 3 FOR OCA DOMLI NK OF NMEI DEX AND SCLSE
DATA FI LES

MEIDEX requires the downlink of payload provided video in real-time or near real-time during
dedicated operations and desires maximized opportunities for payload video downlink during all
secondary operations. Both MEIDEX and SOLSE require downlink of data files via the OCA interface.

There are also standard orbiter requirements for the Ku-band. (e.g., Execute Package, mail syncs,
videoconferencing, file transfers, etc.). OCA isnominally planned to occur on Channel 3. To the extent
possible, Ops Recorder dumps will occur on either Ku Channel 2 via TDRS-Z or S-band FM via ground
stations, so as to be non-interference with payload utilization of the Ku assets. e[cR5554 ]
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A MCH WLL REQUEST PERM SSI ON FROM THE CREW BEFORE DOAMNLI NK
OF ANY VI DEO WH CH MAY | NCLUDE | MAGES OF THE CREW e@pN3 ]

MCC-H isresponsible for ensuring that the downlinked video of crewmembersis controlled and
maintains a level of privacy for the crew.

B. DOMLINK OF VIDEO WTH SUPERFI Cl AL | MAGES OF THE CREW I S
PERM TTED W THOUT SPECI FI C CREW AUTHORI ZATI ON.

Downlinks involving a superficial view of a small portion of a crewmember, such asthe view of a
crewmember’s hands inside a glove box or other experimental apparatus, are not expected to require any
Crew permission.

C. SPACEHAB EXPERI MENT OPERATI ONS REQUI RE USE OF THE ORBI TER
CCTV SYSTEM AS FOLLOWE:

Refer to Annex 2 Part Il for specific scheduling requirements. ®[cr 5554 |

1. BDS-05 DESI RES REAL-TI ME VI DEO DOMLI NK OF TI SSUES | N
THEI R BI OREACTOR. | F VI DEO DOMLI NK OF BDS-05 |'S NOT
PCSSI BLE, VI DEO PLAYBACK W THI N 24 HOURS | S ACCEPTABLE.

BDS-05 uses the shared camcorder.
2. Bl OTUBE REQUI RES REAL- TI ME VI DEO DOMNLI NK BEG NNI NG
20 HOURS AFTER BI OTUBE ACTI VATI ON. A 3-M NUTE VI DEO

DOMLI NK 'S REQUI RED EVERY 2 HOURS UNTI L Bl OTUBE
TERM NATI ON.

Biotube uses an internal camera.
3. CM 2

a. LSP REQUI RES VI DEO FOR EACH PRE- TEST VERI FI CATI ON AND
EACH TEST SEQUENCE. @[crs5625C ]

b. SOFBALL REQUI RES VI DEO FOR THE FI RST TEST RUN.
c. M ST REQUI RES VI DEO FOR EACH RUN.

CM-2 uses an internal camera. Snce CM-2 SOFBALL operations have been nominally scheduled to be crew
tended, real-time video downlink is not required other than on thefirst run. e[crRs554 ] ®[CR5625C ]
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4. FAST REQUI RES REAL-TI ME VI DEO DOMNNLI NK FOR
ACTI VATI ON, DEACTI VATI ON, EXPERI MENT SEQUENCES, AND
| NJECTI ONS. @[cr5554 |

FAST uses an internal camera.

5. MaM REQUI RES REAL-TI ME VI DEO DOMLI NK COVERAGE OF
EXPERI MENT ACTI VATI ON. DOMNLI NK OF VI DEO OR PHOTO TAKEN
DURI NG DEACTI VATION |'S DESI RED PRI OR TO THE NEXT MaM RUN.

MGM uses the shared camcorder. A video or still image during deactivation is desired to eliminate the
need for a reform. However, if an image is not available, there is no impact to science since a reformis
already scheduled as a part of each deactivation.

6. STARS- BOOTES REQUI RES REAL-TI ME VI DEO DOMLI NK TW CE
DALY, TWO 2- HOUR SESSI ONS OF VI DEO DOMNLI NK OF THE
CRYSTAL GROMH EXPERI MENT, AND TWO 2- HOUR SESSI ONS OF
VI DEO DOMWNLI NK OF THE SI LKWORM EXPERI MENT.

STAR-BOOTESuses an internal camera.

7. ZCG REQUI RES REAL-TI ME VI DEO DOWNLI NK DURI NG ZCG CLEAR
AUTOCLAVE OPS VH LE THE CREWWVEMBER IS M XI NG THE CLEAR
AUTOCLAVES. @pDN31 ]

ZCG uses the Shared Camcorder. ®[CR5554 |

D. FREESTAR EXPERI MENT OPERATI ONS REQUI RE USE OF THE ORBI TER
CCTV SYSTEM AS FOLLOWG.  @DN3 ]

1. ORBITER CCTV MONI TORING | S REQUI RED FOR THE FI RST
CANI STER DOOR OPEN NGS FOR MEI DEX AND SOLSE. VI DEO
VERI FI CATION | S ALSO REQUI RED OF DOOR POSI TI ONS AFTER
FI NAL CLOSI NGS BUT PRI OR TO FREESTAR DEACTI VATI ON.
®[CR 5625C |

Video of each experiment will be an additional confirmation that the instruments are intact and
functioning properly.
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2. | F GROUND | NSI GHT | NTO DOOR POSI TION | S LOST, MElI DEX
REQUI RES CCTV OR CREW VERI FI CATI ON OF DOOR PCSI TI ON PRI OR
TO AND | MVEDI ATELY FOLLOW NG ALL OBSERVATI ONS.

Position of the MEIDEX door is nominally indicated through ground and PGSC. If ground insight into
door position islost, MEIDEX requires confirmation of door position. If the door is not full open prior
to a data take, data may not be obtained during the observation. If door is not full closed after an

observation, MEIDEX contamination constraints may be inadvertently violated, resulting in instrument

damage. Thisrequirement isto ensure mission success, maximum science acquisition, and reflight

hardware integrity.

3. MEIDEX CCTV REQUI REMENTS

OBSERVATION REAL-TIME PLAYBACK DSR-20 V10
DOWNLINK [1] | DOWNLINK [2] | RECORDING | RECORDING
(XYBION) (SEKAI)
STARTUP/CHECKOUT N/A N/A DESIRED DESIRED
PRIMARY DATA TAKES REQUIRED REQUIRED [3] REQUIRED HIGHLY DESIRED
(FIRST 140 MIN OF ROQI),
CALIBRATION, AND
COORDINATED SCIENCE
SECONDARY DATA TAKES REQUIRED DESIRED [3] HIGHLY HIGHLY DESIRED
(ADDITIONAL ROI) DESIRED
SPRITE VIEWS REQUIRED DESIRED [3] REQUIRED REQUIRED
SLANT VISIBILITY N/A N/A N/A N/A
®[CR 5625C ]
NOTES:
[1] MEIDEX REQUIRES MAXIMUM AVAILABLE REAL-TIME DOWNLINK. MEIDEX VIDEO DOWNLINKED IN REAL TIME

CAN BE EITHER ANALOG SEKAI, ANALOG XYBION, OR DIGITAL XYBION. SSV IS REQUIRED FOR ALL MEIDEX
OBSERVATION FOR WHICH REAL-TIME DOWNLINK IS NOT ALLOCATED.

[2] PLAYBACK DOWNLINKS ARE ALWAYS DIGITAL XYBION. PLAYBACKS ARE ONLY CONSIDERED FOR VIDEO FOR
WHICH NO REAL-TIME DOWNLINK WAS SCHEDULED.

[3] WITHIN 6 HOURS OF DATA COLLECTION OR PRIOR TO COMPLETION OF THE NEXT REPLANNING CYCLE,
WHICHEVER COMES FIRST.

Real -time downlink during MEIDEX operations will allow the PI to verify the configuration of the two
cameras during data collection and optimize settings for the best possible science. The playback of the
images from the Xybion cameraswill allow the POCC to adjust the systems for the next planned
operation.

MEIDEX Xybion video is recorded on internal video tape recorders but this video is not available
during the flight. In cabin recording serves as a backup data set. The Sekai camera is not recorded
internally. Itsrecording ishighly desired in order to provide additional post-flight reference. The
Sekai video will not nominally be played back during flight. Minimum acceptable SSV downlink rate is
17.6 kbps. ®[CR5625C ]
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A. THE ORBI TER S- BAND PM SYSTEM SHALL NOM NALLY BE OPERATED
USI NG LOW FREQUENCY TO PREVENT | NTERFERENCE W TH LPT SCI ENCE
OBJECTI VES. @[CR5512A ]

The LPT payload operates with ground stations and TDRSS on the same frequency pair as the orbiter S
Band PM system high frequency pair (2106.4 MHz receive and 2287.5 MHz transmit). If the orbiter was
operated at the same frequency as LPT, it might interfere with LPT data collection. Although the orbiter
uses right hand polar circularization and LPT uses left hand polar circularization, there is the possibility
that S-band PM transmissions from the orbiter may cause interference. It isnot expected that the orbiter
forward link will interfere with LPT since the signal strength from TDRSis much lower than the signal
transmitted from the orbiter.

B. FOR A FAILURE OF THE ORBI TER S- BAND PM SYSTEM LOW FREQUENCY,
THE ORBI TER S- BAND PM SYSTEM W LL BE MANAGED TO PREVENT
| NTERFERENCE W TH LPT DURI NG SCI ENCE DATA TAKES VWHEN ORBI TER
AND PAYLOAD PRIORITIES PERM T. THE LPT CUSTOVER MAY ELECT TO
PERFORM SCI ENCE DATA TAKES EVEN | F THE ORBI TER S- BAND SYSTEM
'S NOT CONFI GURED TO PREVENT | NTERFERENCE.

If the orbiter cannot use low frequency and the orbiter S-band return link can be given up temporarily
based on orbiter and payload priorities and Ku-band availability, the S-band power amplifier will be
turned off as required during LPT science data takes to preclude interference. If the MCC has the
capability to command communications equipment, the MCC will command the S-Band PM power amp
to off if it is predicted that the orbiter upper S-Band PM antennas will be active during LPT operations.
For a GCIL failure such that the MCC can no longer configure orbiter communications equipment, the
crew can power off the S-band power amplifier via switch. The orbiter Ku-Band may serve as the
downlink path for the orbiter operational data, if itisin view of TDRS. If it is predicted that the
orbiter lower S-band PM antennas will be active during LPT operations, no orbiter S-band PM system
configuration is required since interference is not expected.

If the full-up orbiter Sband PM systemis required due to higher priority orbiter or payload
requirements, the power amp will not be turned off. In this case, the LPT customer may eect to
perform science data takes and accept the possibility of interference rather than lose a science
collection opportunity. ®[CR5512A ]

C. LPT SHALL BE INHI BITED VIA THE SSP DURI NG EVA'S AND ORBI TER
SAFETY CRI Tl CAL OPERATI ONS.

The majority of LPT operations are controlled from the POCC directly through the ground stations or
TDRSto LPT. Theinhibit switch on the Standard Snitch Panel will be used to ensure that the LPT does
not interfere with EVA operations or orbiter safety critical operations
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D. LPT SHALL BE | NH BI TED FROM TRANSM TTI NG VI A GROUND COMVAND
DURI NG MSTRS OPERATI ONS AND DURI NG PERI GDS WHEN LPT SCI ENCE
DATA IS NOT' REQUI RED AND THE ORBI TER S- BAND PM SYSTEM HI GH
FREQUENCY | S REQUI RED.

Theinhibit switch on the Standard Snitch Panel removes power from the LPT experiment and prevents
both transmitting and receiving. The POCC has the capability to inhibit LPT transmissions alone via
ground command. During MSTRS operations and during periods when LPT science data is not required
and the orbiter S-Band PM system low frequency is failed, LPT will be inhibited from transmitting via
ground command in order to continue receiving data. This configuration will allow LPT to continue
GPS operations and validation in a receive only mode.

107_11A-6 AlR TO GROUND (A/ G) COVM MANAGENENT

ALL SPACEHAB A/ G COMMUNI CATI ONS W LL BE CONDUCTED W THI N THE
GUI DELI NES OF RULE {A-321}, SPACEHAB Al R- TO- GROUND (A/ G USAGE,
W TH THE FOLLOW NG FLI GHT SPECI FI C EXCEPTION.  eEp |

NONE | DENTI FI ED
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107_11A-11 PDI  FAI LURE MANAGEMENT

FOR A LGCSS OF THE PDI, A PDI IFM WLL BE REQUI RED TO | NSTALL THE
SPARE PDiI .

Soacehab and FREESTAR have requirements for PDI telemetry to their respective POCC's. Without the
PDI telemetry, primary mission science objectives will be compromised. Some data recording/storage
capability exists for certain experiments; however, the overall science complement would be severely
impacted without PDI telemetry.

Spacehab systems use the PDI as their only data source with the exception of MDM parameters. The
Spacehab Biobox, Biopack, CM-2, COM2PLEX, EOR/F, TEHM, MGM, and MSTRS payl oads use the
PDI astheir primary data source but can also use Ku channd 2 as backup. ®pn78 ]

FREESTAR primary data sourceis via the PDI stream CVX and SOLCON downlink data is lost without
PDI service. Real-timeinsight into MEIDEX operationsislost without PDI service, although MEIDEX
data can be downlinked from the MEIDEX PGSC following observations. Although LPT data via the HH
interface will be lost without PDI, LPT operations can continue when SN and/or GN resources are
available for data downlink. ®pNn61 ]

Reference Rule {107_2A-53}, PAYLOAD IN-FLIGHT MAINTENANCE (IFM) PROCEDURES

107_11A-12 PSP FAI LURE MANAGEMENT

IN CASE OF A PSP-1 FAILURE, AN IFM WLL BE PERFORMED TO W RE
FREESTAR TO PSP-2 AS SOON AS PRACTI CAL.

FREESTAR iswired only to PSP-1. If system failures cause a swap to PSP-2 (PSP-1 failed or otherwise
unusable), FREESTAR payloads would be severely impacted with no way to command to the experiment
fromthe HH POCC.

A preflight approved IFM has been devel oped to wire FREESTAR to PSP-2 by accessing the patch
cabling at the Payload Sation Distribution Panel (PSDP) and routing PSP-2 command output ports to
the HH command input. Limited commanding is available to the payload via the PGSC if PSP
functionality is not recovered.

Reference Rule {107_2A-53C}, PAYLOAD IN-FLIGHT MAINTENANCE (IFM) PROCEDURES).

107_11A-13 RESERVED epN5 ]
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SECTI ON 15 -

EXTRAVEHI CULAR ACTIVITY (EVA)

GENERAL

107_15A-1

EVA HAZARD NMANAGEMVENT

THE FOLLOW NG TABLE DOCUMENTS KNOWN HAZARDS TO EVA CREW PRESENTED

BY STS-107 PAYLQADS.

THE CONTROLS FOR EACH OF THESE HAZARDS MUST

BE I N PLACE PRI OR TO AND THROUGHOUT ANY STS-107 EVA.

PAYLOAD HAZARD TYPE DETAILS/CONTROLS

FREESTAR CREW CONTACT | AKEEPOUT ZONE WILL BE IMPLEMENTED TO PREVENT INADVERTENT
CONTACT WITH THE FREESTAR PAYLOAD 1]

MEIDEX CREW CONTACT | THE MEIDEX DOOR WILL BE CLOSED AND POWER REMOVED DURING
EVA'S TO AVOID INADVERTENT DOOR MOTION AND CREW CONTACT.

SOLSE CREW CONTACT | THE SOLSE DOOR WILL BE CLOSED AND POWER REMOVED DURING
EVA'S TO AVOID INADVERTENT DOOR MOTION AND CREW CONTACT.

SOLCON CREW CONTACT | THE SOLCON COVER WILL BE CLOSED DURING EVA TO AVOID
INADVERTENT COVER MOTION AND CREW CONTACT.

LPT RF/EMI THE LPT POWER AND TRANSMITTER IS DISABLED WITH THREE INHIBITS
(2 SSP INHIBITS, 1 GROUND COMMAND).

COM2PLEX MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).

MSTRS MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).

STARNAV MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).

®DN62 ]
[1]  ALL FREESTAR PAYLOAD HARDWARE WITHIN 24 INCHES OF THE SILL EVA TRANSLATION PATH IS SAFE FOR

CONTACT BY THE CREW. THE ONLY PORTION OF FREESTAR WHICH IS WITHIN 24 INCHES OF THE ORBITER
SILL TRANSLATION PATH IS THE OUTER PORTION OF THE MPESS AND ITS MOUNTING HARDWARE. NONE OF
THE EXPERIMENTS ON FREESTAR ARE WITHIN 24 INCHES OF THE ORBITER SILL TRANSLATION PATH. THE
FOLLOWING AREAS ON FREESTAR ARE IDENTIFIED AS SUSCEPTIBLE TO EVA KICKLOADS FOR MISSION
SUCCESS REASONS: ELECTRICAL WIRING AND CONNECTORS, ELECTRICAL HARNESS BRACKETS AND THE LPT
18-INCH TRANSMIT ANTENNA AND PEDESTAL. IN ORDER TO PROTECT THESE COMPONENTS, THE FREESTAR
KEEPOUT ZONE IS ANYWHERE ON THE PAYLOAD OUTSIDE OF THE EVA TRANSLATION ZONE. ®[DN 62 ]

Thisinformation in thistable is derived from a variety of sources including but not limited to: Payload
safety assessments, hazard reports, sharp edge inspections, payload walkdowns, and EMU certification
limits. Proper management of each of these hazardsis required to ensure EVA crew safety and/or

proper EMU operation.

STS-107
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FINAL EVA 15-1
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107_15A-2 SPACEHAB EVA CONSTRAI NTS

A.  THE FOLLOWN NG EXPERI MENTS ARE NOT CERTI FI ED TO OPERATE AT
10. 2 PSI:

1. ARMS @pDN33 ]

2 CM 2
3. Mav
4 ZCG

ARMS, CM-2, MGM, and ZCG are not certified to operate in the 10.2 environment. Operation of the SH
Module at 10.2 would require these payloads to be deactivated. Although ARMS materials are certified for
a 30 percent Oy environment, it will not be allowed to operate in this case due to higher 0, concentrations
within the payload (per PSRP agreement). ®DN33 ]

B. IN THE EVENT OF AN EVA, SPACEHAB W LL BE CONFI GURED FOR SAFE
ENTRY AND THE HAB WLL REMAIN AT 14.7 PS|.

Thisruleisin support of Rule {A2-317}, EVA CONSTRAINTS, and defines the strategy for Spacehab
management for an EVA. There are no scheduled or unscheduled EVA's planned for STS-107. Possible
contingency EVA's include Ku-band antenna stow and Payload Bay Door closure. These contingency
EVA’'s do not require a 10.2 psi pre-breathe protocol such that the orbiter will remain at 14.7 psi. In
preparation for airlock depress, the Spacehab will be configured for safe entry and the hatch closed. If
experiment operations were originally planned during the time of the contingency EVA, experiment
operations that do not require crew interaction may continue. ®[ED ]
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SECTI ON 17 - LI FE SUPPORT

GENERAL

107_17A-1 SPACEHAB ENVI RONVENTAL CONTROL AND LI FE SUPPORT
(ECLS) REQUI RENMENTS

A.  DURI NG OPERATI ONS OF SPACEHAB ACTI VELY COOLED EXPERI MENTS,
THE ORBI TER CABI N ATMOSPHERE MUST BE MAI NTAI NED W THI N THESE
SPECI FIED LIM TS:

THERE ARE NO SPACEHAB EXPERI MENTS THAT REQUI RE THAT THE
ORBI TER CABI N ATMOSPHERE BE MAI NTAI NED OQUTSI DE THE NOM NAL
RANGE FOR STS-107.

B. THE FOLLOWN NG PAYLOADS REQUI RE SPECI FI C ENVI RONVENTAL
CONTROLS | N EXCESS OF NORVAL SUBSYSTEM REQUI REMENTS.
TEMPORARY | NCREASES ABOVE THE LIM T DURI NG PREPLANNED FES
| NHI BI TS WHENEVER NEI THER CM 2 NOR VCD ARE ACTI VE ARE
ACCEPTABLE. SPACEHAB POCC CONCURRENCE IS REQUI RED FOR FES
I NHIBITS NOT IN THE ORI G NAL FLI GHT PLAN. @pDNSO ]

CONDITION REQUIREMENT
NEITHER VCD NOR CM-2 ACTIVE EVAP OUT T ? 50 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
BOTH VCD AND CM-2 ACTIVE EVAP OUT T ? 41 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
VCD ACTIVE, CM-2 NOT ACTIVE EVAP OUT T ? 45 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
VCD NOT ACTIVE, CM-2 ACTIVE EVAP OUT T ? 50 DEGREES WITH BOTH FPVS IN THE PL HX POSITION

Thermal Analysis shows that to maintain SPACEHAB within the limits required to satisfy payload thermal
requirements, both FPV' sarerequired to bein“ PLHX” when Spacehab and Spacehab payloads arein
their on-orbit configuration (reference Rule {107_18A-2}, ORBITER FREON FLOW PROPORTIONING
VALVE (FPV) USAGE). Analysis results show, to meet the predicted Spacehab thermal loads with only
one FPV in the PL position, the EVAP OUT temperature would have to be 35 deg F or less, whichis
outside the system capabilities. The normal orbiter evaporator outlet temperature with the Flash
Evaporator System (FES) activated is 38 to 40 deg F. However, with the FES deactivated, the temperature
could range between 38 and 65 deg F. ®pN50 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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107_17A-1 SPACEHAB ENVI RONVENTAL CONTROL AND LI FE SUPPORT
(ECLS) REQUI REVENTS ( CONTI NUED)

CM-2 and VCD are the only payl oads that will be directly affected by temporary fluctuations in the
EVAP Out FREON temperature range. All requirements listed in the table above were devel oped
assuming an average SH experiment surface air load of approx 1500 Watts and are imposed to ensure
the successful operation of CM-2 and VCD. FES inhibits which would cause increases in the EVAP Out
temp in excess of these requirements should be excluded during the operation of CM-2 and VCD.

Ouitside the operation of CM-2 and VCD, the EVAP Out temperature should be maintained below 50 deg
F to maintain control of the SH cabin environment (i.e., below 80 deg F). Temporary increasesin the
EVAP Out temperature in excess of 50 deg F are acceptable however sustained increases of the EVAP
Out temperature in excess of 50 deg F can adversely impact the ability of the SH ECSto maintain the SH
module environment below 80 deg F. As noted previously, this limit on the EVAP Out temperature
assumes approximately approx 1500 W of experiment surface air load. Actual surface air heat loads can
approach approx 2300 W for STS-107 and may require that the EVAP Out temperature be maintained
below 41 deg F (i.e., nominal range as described in ICD-A-21426-RDM).

C. THE FOLLOW NG EXPERI MENTS NOM NALLY RELEASE GASES | NTO THE
CABI N:

ARMS, FRESH 2 AND VCD epN50 ]
In support of Rule {A17-651}, SPACEHAB ENVIRONMENTAL CONTROL AND LIFE SUPPORT

(ECLS) REQUIREMENTS. Detailed information on the amount and type of gasesis contained in the
Hazardous Material Summary Table, STS- 107 PGSC software application. ®DpN50 ] ®[ED ]

107_17A-2 MODULE ATMOSPHERI C CONTROL

THE ORBI TER ENVI RONVENT W LL BE MANAGED TO ALLOW THE MODULE TO
OPERATE W THI N THE FOLLOW NG GUI DELI NES:

NONE | DENTI FI ED

In support of Rule {A17-652}, SPACEHAB SUBSYSTEM FAN/AIR LOOP. Thisruleidentifies any
deviations from the generic rule atmospheric requirements. ®[Ep ]
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107_17A-3 USE OF SPACEHAB VOLUVE Al R TO SUPPCORT A SHUTTLE
CABI N LEAK

IN THE EVENT OF AN UNI SOLATABLE SHUTTLE CABI N LEAK, ANY AVAI LABLE
SPACEHAB Al R MAY BE USED TO EXTEND THE TIME ON-ORBI T TO AVOI D A
BAI LOUT S| TUATI ON OR TO ALLOW LANDI NG AT A MORE DES| RABLE LANDI NG
SITE (REF RULE {A2-205C}, EMERGENCY DEORBIT). eEp |

Landing at a CONUS site (KSC, EDW, NOR) is more desirable than at an emergency landing site or
bailout. Other factors such aslighting, landing aids, shuttle energy state, weather, etc. will also affect
the landing decision.

DOCUMENTATION: Engineering judgment

107_17A-4 EXPERI MENT VENT VALVE

THE EXPERI MENT VENT VALVE W LL ALWAYS BE CLOSED WHEN ALL THE CREW
| S ASLEEP UNLESS REQUI RED FOR THE FOLLOW NG EXPERI MENT
OPERATI ONS:

NONE | DENTI FI ED
In support of Rule {A17-754}, EXPERIMENT VENT VALVE. Sncethismission isdual shift ops, there

will be no periods when the crew will be asleep while the Experiment Vent Valveisinuse. ®bN35 ]
®[ED ]

107_17A-5 RDM LI OH CANI STER

THE FOLLOW NG EXPERI MENTS W LL REQUI RE A LI OH CANI STER TO BE
| NSTALLED I N THE CO» REMOVAL ASSEMBLY PRI OR TO ANY NOM NAL HATCH
CLOSURE | N ORDER TO PRESERVE SClI ENCE:

FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH ( FRESH)

In support of Rule {A17-758}, RDM LIOH CANISTER. Ruleisto define experiments that require LiOH
changeouts before nominal hatch closure. ®[ED ]
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107_17A-6 CABI N TEMPERATURE NMANAGEMVENT

A ONORBIT PONERDOMNS:

1. CHECK SPACEHAB CABI N TEMPERATURE SETTI NG PRI OR TO

| MPLEMENTI NG El THER ORBI TER OR SPACEHAB PONERDOAN STEPS.
®DN47 ]

2. | F ADDI TI ONAL EQUI PMENT PONERDOMN | S REQUI RED TO MAI NTAI N
ORBI TER CREW CABI N TEMPERATURE, THE FOLLOW NG TABLE W LL
BE USED ( DEPENDENT ON M SSI ON ACTIVITIES). EQU PMENT
POANERED ON BUT NOT IN USE WLL BE POANERED DOMN | N ORDER
OF PRIORI TY BEFORE POVNERI NG DOMN EQUI PMENT BEI NG USED FOR
EXPERI MENT OR ORBI TER OPERATIONS. THI S LIST IS TO BE
CONSI DERED AS SUPPLEMENTAL TO THAT CONTAI NED | N RULE

{A17- 152}, CABI N TEMPERATURE CONTROL AND MANAGEMENT.
®[ED ]

EQUIPMENT ELECTRICAL COMMENT
LOAD (WATTS)
ERGOMETER 20 CAN BE USED IN NON-POWERED MODE
STS1PGSC 60-65 OCA ROUTER - 760XD ON SINGLE SLOT AC EXPANSION UNIT.
REQUIRED FOR OCA OPERATIONS.
STS2 PGSC 60-65 WINDECOM — 760XD ON SINGLE SLOT AC EXPANSION UNIT. NO
STS-107 PAYLOADS REQUIRE PCMMU DATA VIA WINDECOM.
STS3 PGSC 60-65 PROSHARE — 760XD ON SINGLE SLOT AC EXPANSION UNIT.
REQUIRED FOR KFX OCA OPERATIONS.
STS4 PGSC 40 WORLDMAP — 760XD W/O EXPANSION UNIT, DC POWER.
CREW SITUATIONAL AWARENESS.
PL1 PGSC 40 MEIDEX — 760XD W/O EXPANSION UNIT, DC POWER.
REQUIRED DURING MEIDEX OPERATIONS.
PL2 PGSC 40 SOLSE-2 — 760XD W/O EXPANSION UNIT, DC POWER.
REQUIRED DURING SOLSE-2 OPERATIONS.
TV MONITOR COLOR 56 (NOM) USED FOR MEIDEX OPS
86 (MAX)
MUX (DTV) 73 NEEDED FOR DOWNLINK DTV. DTV POWER IS CONFIGURATION
DEPENDANT. 73 WATTS REPRESENTS THE WORST-CASE
CONFIGURATION.
DSR-20 50 CAN BE USED FOR RECORDING MEIDEX
CAMCORDER 10 PAO OPS, MEIDEX, LIMITED PAYLOAD OPS
V10 18 PAO OPS, MEIDEX, LIMITED PAYLOAD OPS
SPACEHAB-POWERED | 492 IMPACTS SCIENCE. SPACEHAB MIDDECK PAYLOADS INCLUDE
MIDDECK PAYLOADS BIOPACK AND BIOPACK GLOVEBOX, CMPCG, CEBAS, OSTEO, AND
BRIC.
®DN36 ] ®DN47 ] ®DN82 ] ®CR5549 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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107_17A-6 CABI N TEMPERATURE MANACGEMENT ( CONTI NUED)

Spacehab cabin temperature adjustments can influence both Hab and orbiter cabin temperature
conditions. A crew adjustment of the Hab cabin temp setting may be the cause of higher tempsin either
volume, and an adjustment may be all that is required to deal with higher temperature conditions. With
the exception of the color monitor (due to its use for MEIDEX ops), all items listed above are not
mentioned in Rule {A17-152}, CABIN TEMPERATURE CONTROL AND MANAGEMENT. Theitemsin
this flight-specific rule should then be considered for powerdown in addition to those listed in the Rule.
The priority given to each item to be considered for potential powerdown is dependent on ongoing
operations at thetime. ®DN47 ] ®ED ]

3. | F EQU PMENT POANERDOMWN |'S REQUI RED TO MAI NTAI N THE
SPACEHAB MODULE TEMPERATURE, THE FOLLOW NG TABLE W LL BE
USED ( DEPENDENT ON M SSI ON ACTIVITIES). EQU PMENT
POANERED ON BUT NOT I N USE WLL BE POANERED DOMN | N ORDER
OF PRIORI TY BEFORE POVNERI NG DOMN EQUI PMENT BEI NG USED FOR
EXPERI MENT OR SPACEHAB OPERATI ONS.

EQUIPMENT ELECTRICAL COMMENT
LOAD (WATTS)
AUX LIGHT 105 AC POWERED AUX LIGHT AVAILABLE FOR USE IN SH MODULE.
HIGHLY DESIRABLE DURING HLS BLOOD DRAWS.
PL3 PGSC (SH) 70-80 SH SUBSYSTEM — 760XD ON SINGLE SLOT AC EXPANSION UNIT.
NO REQUIRED OPERATIONS.
SH AFT MODULE LIGHT | 20 LIGHTS IN AFT MODULE OF SH CAN BE SWITCHED OFF
INDIVIDUALLY.
PAO CAMCORDER 20 LOSS OF PAO VIDEO IN SH MODULE
SH MOD MODULE EXPERIMENT IMPACTS SCIENCE.
PAYLOADS DEPENDENT
®DN36 ]
B. ENTRY:

CABI N TEMPERATURE W LL BE MANAGED AS FOLLOAS TO ENSURE
ADEQUATE ENTRY TEMPERATURES | N ACCORDANCE TO RULE {A13-31},
CREW CABI N TEMPERATURE LIM TS: eED ]

1. PRIOR TO THE LAST PRE-SLEEP PERI OD OF EOM 1, THE CABI N
TEMP CONTRCOLLER W LL BE AUTOVATI CALLY DRI VEN TO A
PCSI TI ON TO ACH EVE A CABIN TEMP OF 70 DEG F AT CREW WAKE
ON ENTRY DAY.

THI'S RULE CONTI NUED ON NEXT PAGE
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107_17A-6 CABI N TEMPERATURE MANACGEMENT ( CONTI NUED)

2. PRIOR TO THE LAST PRE-SLEEP PERI GD OF EOM 1, | F SLEEP
TEMPERATURES W LL BE UNACCEPTABLY COLD, PER CDR AND
SURGEON AGREEMENT, THE CABI N TEMP CONTROLLER POSI TI ON CAN
BE CONFI GURED TO PROVI DE A COMFORTABLE SLEEP ENVI RONMENT
VWH LE STILL STRI VING TO ACH EVE THE OPTI MAL COLDSOAK.

3. THE CABI N TEMPERATURE CONTROLLER BYPASS VLV WLL BE
AUTOVATI CALLY DRI VEN TO THE “FULL COOL” POSI TI ON, POST
SLEEP OF ENTRY DAY.

4. ACTION WLL NOT BE TAKEN TO REDUCE CABI N TEMPERATURE | F
THE DY O PREP TI MELI NE HAS BEEN ENTERED.

5. FOR WAVECFF DAYS, PREFLIGHT ANALYSIS WLL D CTATE THE
LEVEL OF ACCEPTABLE POAER (ElI THER GROUP B OR C PONERDOVWN)
TO OBVI ATE CABI N TEVMPERATURE CONCERNS.

| Dueto STS107 being a dual-shift flight, a flight-specific modification of Rule {A17-152}, CABIN
TEMPERATURE CONTROL AND MANAGEMENT, was necessary, since that rule only dealswith
single-shift flights. Pre-flight thermal analysis indicates that positioning the cabin temp controller in the
manner described above will achieve the desired post-landing crew cabin temperatures. ®[ED ]

107_17A-7 WCS CONSTRAI NTS

NO DUMPI NG OF URI NE SAMPLES | NTO THE WASTE CCOLLECTI ON SYSTEM
(WCS) IS PERM TTED W THOUT COVPLETI ON OF ANALYSI S DETERM NI NG
THAT THI S | S ACCEPTABLE. @[crR5494A ]

PhAB4 Urine Collection Bags (UCB's) contain a Lithium Chloride (LiCl) volume marker. The effect of
interaction of LiCl in any amount with the main constituent (Oxone? ) of the Shuttle Urine Pretreat
Assembly (SUPA) is unknown at this time, pending completion of chemical analysis. Results thus far
show no real chance for poisonous species formation (upon combination of LiCl and Oxone? ), as well
as no increased corrosion risk from LiCl in combination with Oxone? . Therisk is thought to be
primarily fromincreased solids formation, which could severely hamper WCS operations or even negate
them completely. Until that risk is shown to be reasonably low or even non-existent, no urine samples
containing LiCl should be dumped into the WCS. This most likely cannot be done prior to the flight of
STS107. However, if the analysisis completed and results received post STS-107 launch, and should
those results show little to no increased risk of solids formation, consideration will then be given to
dumping urine samples into the WCS if required.

DOCUMENTATION: Engineering judgment, K. Chhipwadia STS-107 January 2002 |PT presentation
®[CR 5494A |

STS-107 12/19/02 FINAL, PCN-1 LIFE SUPPORT 17-6
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_17A-8 RDM FAN START- UP OPERATI ONS

ALLOW AT LEAST 6 SECONDS AFTER ANY FAN I S PONERED UP PRICR TO
PONERI NG ON ANY ADDI TI ONAL RDM FAN. @[cr5550 |

PDU and APDU circuit design provides over current protection for ARS and HFA(2) fan start-up,
respectively. The circuit design inhibits full current draw for approximately 5.5 seconds after the ON
command isinitiated. Prior to the end of this current limiting period, the fan being powered up may not
achieve full operational status. Additional fan start-ups during this time may hinder the optimal flow of
theair in the system. Additional SPACEHAB RDM fan startup constraints are listed in Rules {A17-704},
CABIN/HFA FAN and {A17-705}, ATMOSPHERE REVITALIZATION SYSTEM (ARS) FAN. ®[ED ]

DOCUMENTATION: Memo 2H-SPACEHAB-02063. ®[CR 5550 ]

STS-107 12/19/02 FINAL, PCN-1 LIFE SUPPORT 17-7
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 12/19/02 FINAL, PCN-1 LIFE SUPPORT 17-8
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 18 - THERVAL

GENERAL
107_18A-1 BONDLI NE ENTRY | NTERFACE (El) TEMPERATURES ... 18-1
107_18A- 2 ORBI TER FREON FLOW PROPORTI ONI NG VALVE ( FPV)

e T 18- 2
107_18A-3 END- OF- M SSI ON THERVAL CONDITIONING . .. ... .. .. 18- 4
107_18A-4 WATER LI NE HEATER MANAGEMENT ... oovevnn ., 18- 4
107_18A-5 RDM CONDENSATE STORAGE TANK ( CST)/ CONTI NGENCY

WATER CONTAI NER (CWC) MANAGEMENT .. ........... 18-5
107_18A-6 SPACEHAB SUBSYSTEM WATER LOOP MANAGEMENT . . . .. 18- 7
STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-i

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-ii
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 18 - THERVAL

GENERAL

107_18A-1 BONDLI NE ENTRY | NTERFACE (El ) TEMPERATURES

MAXI MUM ALLOMBLE BONDLI NE ENTRY | NTERFACE (El) TEMPERATURES ARE
BASED ON STRUCTURAL CONSTRAI NTS AND FLI GHT- SPECI FI C PARAMETERS
FOR VEH CLE LOADING. THE LIM TS LI STED BELOW ARE THE LANDI NG
OPPORTUNI TY- | NDEPENDENT LIM TS FOR STS-107:

DESCRIPTION TEMPERATURE MAX LIMIT,
MEASUREMENT NO'S DEG F
PLBD V3771000 66.0
V3771006 66.0
V3771002 81.0
V3771004 81.0
PORT (STBD) V09T1012(14) 100.3
V09T1724(20) 119.6
V09T1030(28) 61.4
V34T1106(08) 118.9
V34T1102(04) 69.9
TOP V09T1524 67.0
V0971004 92.3
V0971024 92.3
BOTTOM V0971624 122.2
V09T1702 97.5
V0971000 92.2
V0971002 92.2
V09T1016 100.3
V0971022 99.3
V3471110 89.3
V3471112 89.3

These are the STS-107 flight-specific limits, as referenced in Rule {A18-401B}, THERMAL
PROTECTION SYSTEM (TPS) BONDLINE TEMPERATURES. Theterm“ Opportunity-Independent”
refersto the representative set of deorbit opportunity cases from which these limits are derived. The
limits listed represent the most restrictive for each MSD from all of the cases including a weight change
of up to 3000 Ibs and a cg shift of up to 3inches. e[ED ]

DOCUMENTATION: STS-107 Flight Design Product DSCT-29, January 11, 2002.
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107_18A-2 ORBI TER FREON FLOW PROPORTI ONI NG VALVE ( FPV) USACE

THE TWO ORBI TER FREON FPV'S W LL NOM NALLY BE USED ACCORDI NG TO
THE FOLLOW NG PLAN:

A.  PRELAUNCH ( PONERED ASCENT): ONE FPV I N THE | NTERCHANGER
(ICH POSITION AND ONE FPV | N THE PAYLOAD HEAT EXCHANGER
(PLHX) POSI TI ON UNTI L LAUNCH M NUS 2 HRS. AT THAT PO NT,
BOTH FPV''S ARE PLACED IN I CH FOR ASCENT. @[crs5617C ]

Both FPV' s must be in ICH for ascent. However, cold soaking the Spacehab module prelaunch via one
FPV in PLHX keeps the predicted modul e temper atures acceptable until post insertion. It isdesired to

keep the SH Module temperature below 85 deg F during ascent for the FRESH-2 payload. Moving the

FPV back to the ICH position still guarantees a nominal crew cabin temperature at ingress and during

ascent.

B. ONCRBIT 14.7 PSI OPS:

1. AFTER SUCCESSFULLY REACH NG ORBI T (POST | NSERTIQN), ONE
FPV WLL BE PLACED I N “PLHX" POSI TI ON UNTI L DECRBI T PREP.

2. THE SECOND FPV WLL BE TAKEN TO “PLHX’ NO EARLI ER THAN
THE END OF SPACEHAB ACTI VATI ON BUT BEFORE ACTI VATI ON OF
WATER COOLED EXPERI MENTS. EXACT TI M NG OF SECOND FPV
MOVEMENT W LL DEPEND ON AN ASSESSMENT OF ORBI TER AND
SPACEHAB CABI N TEMPERATURES.

C. DECRBIT PREP/ENTRY: AT THE END OF SPACEHAB ENTRY PREP ONE
FPV WLL BE RETURNED TO “ICH'. THE OTHER FPV W LL BE
RETURNED TO “1 CH AT THE BEG NNI NG OF DECRBI T PREP FOR ENTRY
AND LANDI NG FOR EXTENSI ON DAYS, AN FPV IN “PLHX" IS

REQUI RED TO MAI NTAI N SPACEHAB W THI N THERVAL REQUI REMENTS. @[pN
68 ] ®[CR5617C ]

THI'S RULE CONTI NUED ON NEXT PAGE
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107_18A-2 ORBI TER FREON FLOW PROPORTI ONI NG VALVE (FPV) USAGE
( CONTI NUED)

Thermal Analysis shows that to maintain Spacehab within the limits required to satisfy payload thermal
requirements both FPV' s arerequired to bein “ PLHX" when Spacehab and Spacehab payloads arein
their on-orbit configuration (reference Rule {107_17A-1}, SPACEHAB ENVIRONMENTAL CONTROL
AND LIFE SUPPORT (ECLS) REQUIREMENTS). However, real-time assessment of the actual orbiter
cabin temperature following the ascent phase may result in delaying the second val ve movement to
payload until such time that this temperature decreases to more desirable levels (less than 80 deg F;
reference Rule {A17-152}, CABIN TEMPERATURE CONTROL AND MANAGEMENT). Flight data
shows that orbiter cabin temperatures typically range from 79 to 84 deg F following ascent. Delaying
the second FPV movement to PLHX will aid in decreasing orbiter cabin temperatures at a significantly
higher rate than if both FPV' swereto bein PLHX. The delay will not be so long as to compromise
SPACEHAB thermal constraints and conditions, and will be done before activation of SPACEHAB
water-cooled experiments. A single FPVisrequired to bein“ PLHX” with Spacehab in the entry
configuration until the start of deorbit prep to assure that the Spacehab thermal limits are not violated
during entry and post-landing. It is desired to keep the SH Module temperature below 85 deg F during
entry and post-landing for the FRESH-2 payload. ®DN68 ] ®CR5617C ]

D. POSTLANDING BOTH FPV'S WLL BE IN THE “1 CH PGOSI TI ON
UNTI L REQUESTED FOR PAYLQOAD COCLI NG NO LATER THAN ONE HOUR
AFTER LANDI NG BUT NO EARLI ER THAN CREW EGRESS. THEN ONE
FPV IS PLACED | NTO THE “PLHX" POSI TI ON FOR THE DURATI ON OF
EARLY EXPERI MENT RETRI EVAL OPERATIONS. | F CREWEGRESS | S
DELAYED PAST LANDI NG PLUS ONE HOUR, POSI TI ONI NG THE FPV' S
TO “PLHX” W LL BE DELAYED UNTI L AFTER CREW EGRESS. @[crR5617C ]

Moving one FPV to PLHX allows Spacehab to maintain module temperature during early experiment
sampleretrieval operations. Waiting until crew egress to move one FPV to PLHX maximizes orbiter
cabin cooling for crew comfort until ground ventilation can be connected. Thermal analysis shows that
the Spacehab module air temperature will reach approximately 85 deg F after 3.5 hours and 90 deg F
after 6 hours of operation with both FPV'sin* ICH” while in the descent/post-landing configuration. It
is desired to keep the SH Module temperature below 85 deg F during post-landing for the FRESH-2
payload. ®pDN68 ]
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107_18A-3 END- OF- M SSI ON' THERVAL CONDI T1 ONI NG

THE ATTI TUDES FOR THE LAST 15 HOURS PRI OR TO THE START OF THE
DECRBI T PREP WLL BE RESERVED FOR THERVAL CONDI TIONING. TH' S
WLL CONSI ST OF 5 HOURS CF BOTTOM SUN AND 10 HOURS OF —ZLV -YVWV.
PRECEDI NG THI S 15- HOUR PERI OD, SOVE SECTI ONS OF THE ATTI TUDE

TI MELI NE ARE BEI NG FLOMN —ZLV -YW IN ORDER TO M NI M ZE NEED FOR
FUTURE BELLY SUN. NOM NALLY, THE THERMAL CONDI TI ONI NG PROTECTS
FOR NEOM + 2 REVS, HOMEVER, FOR THIS FLIGHT, NEOM+ 1 REV I S

BEI NG PROTECTED. e[crs5505 |

Thermal conditioning will be required for the BET and main landing gear tires prior to the deorbit prep.
It will consist of biased belly Sun to warm the tires and bay Earth, nose north toward the Sun (-ZLV -YWV)
to decrease the BET. The duration of the belly Sun attitude may be readdressed in real time to meet the
actual conditions at the end of mission (launch delay, actual temperatures differing from predictions, etc).
The EOM conditions specified in Rule {A2-110}, STRUCTURES THERMAL CONDITIONING, are not
sufficient due to the extremely high mission-specific NEOM tire limit of 12 degrees. ®[ED ]

Rationale: Engineering judgment ®[CR 5505 |

107_18A-4 WATER LI NE HEATER MANAGEMENT

EXCEPTI ONS TO WATERLI NE HEATER MANAGEMENT RULE:
NONE | DENTI FI ED

In support of Rule {A18-555}, WATER LINE HEATER MANAGEMENT. Need to list any exceptions to
the generic rule on management of the water line heaters, in particular, in attitude management deltas
for loss of water line heaters. ®[ED ]
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107_18A-5 RDM CONDENSATE STORAGE TANK ( CST) / CONTI NGENCY
WATER CONTAI NER ( CWC) MANAGEMENT

A, COWC STOMGE CONSTRAI NTS

1. A SPACEHAB CWC TO BE NOM NALLY STOWED | N SPACEHAB FOR
ENTRY IS LIMTED TO 32 LBS OF WATER

If the final Spacehab CWC is to be stowed inside the Spacehab module, the designated CWC stowage
location for STS-107 (on the module ceiling) can structurally accommodate 32 |bs of water.

2. A SPACEHAB COWC TO BE NOM NALLY STOWED IN THE ORBI TER FOR
ENTRY IS LIMTED TO 95 LBS OF WATER

If the Final Spacehab CWC is to be stowed in the orbiter, the designated orbiter stowage locations (per
Rule {107_10A-4}, FILLED CWC STOWAGE MANAGEMENT, can accommodate 95 Ibs.

B. COWC REFILL AND DUMP CONSTRAI NTS

1. OWC S MAY BE FILLED A MAXI MUM OF TWO CYCLES (ONE | NI TI AL
FILL PLUS A REFILL).

2. ONC S MAY BE DUVPED OVERBOARD A MAXI MUM OF TWD CYCLES
(ONE I NI TIAL DUVP PLUS ONE ADDI TI ONAL DUMNP) .

3. FOR PURPCSES OF COUNTI NG FI LLS AND DUMPS, A PARTI AL DUWP
O A CWC COUNTS AS ONE CYCLE. epDN37 ]

For life-cycle considerations, each CWC is certified for a maximum of two fills or dumps. Once the
CWC isdumped, a cycleis complete. Partial fills and dumps only count as one cycle if that dump has
emptied the bag fully, or the dump has gone on long enough such that a significant fraction of the
water has gone overboard. For example, full CWC’s from STS-108 (approx 75-91 Ibm avg) took
around 45 min to an hour to dump. Therefore, a dump of around 30 min would be considered a
“gignificant fraction” . However, if a dump only lasted 3 min and had to stop, that would likely not be
considered “ significant” (and therefore, that CWC could still be used again without it counting as one
full cycle). In either case, real-time consultation with MER Engineering personnel would then occur,
and the dump signature examined to determine if a significant fracture was dumped.
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C. THE LAST CST TO CWC TRANSFER TO BE | NCLUDED IN A CWC DUWP
SHALL OCCUR SUCH THAT SUBSEQUENT CST TO CWC TRANSFERS DO NOT
EXCEED THE NUMBER OF AVAI LABLE CWC STOMACGE LOCATIONS. TO
PROTECT FOR SPACEHAB REI NGRESS ON WAVE- OFF DAYS, THE
ADDI TI ONAL CONDENSATE PREDI CTED FOR OPEN HATCH OPERATI ONS
MUST BE ACCOVMODATED W THOUT REQUI R NG AN OVERBOARD DUMP ON
VWAVE- OFF DAYS.

Thetime of the last CST transfer to a CWC to be dumped overboard is driven by the collection rate
following this transfer and the available stowage | ocations to accommodate CWC’ s used for subsequent
CST to CWC transfers performed after the last overboard dump. Although this rule does not imply a
requirement to re-ingress the Spacehab on wave-off days, if the Spacehab is re-ingressed, the additional
condensate collected while the crew is in the Spacehab must be accounted for without requiring an
overboard dump. The additional condensate collected must either be accounted for by extra ullagein the
CST, ullage in a partially filled CWC, or another available stowage location for an additional CWC.

D. THE CST WLL BE MANAGED SUCH THAT A TRANSFER OF THE CST TO A
CWC WLL NOT BE REQUI RED FOR EXTENSI ON DAYS.

Snce the Spacehab CWC is disconnected and stowed for entry (nominally 7.5 hrs before TIG),
condensate is collected in the CST and cannot be transferred to a CWC after this point. Per Rule
{A18-606}, RDM CONDENSATE STORAGE TANK (CST)/CONTINGENCY WATER CONTAINER
(CWC) MANAGEMENT, the CST must not exceed a pressure of 15 psi. The CST will be managed
such that the final CST to CWC transfer before hatch closure will allow the CST to accommodate any
condensate that will be produced from the final transfer through two extension days including 52.5 hrs
from the nominal end of mission TIG to the last EOM + 2 deorbit opportunity, 1 hr for entry, and 7
hoursfor R+7 retrieval. If Spacehab is re-entered on waveoff days, the CST may have to be

transferred to a CWC since mor e condensate will be collected when the crew isin the module.
®[ED ]

STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-6
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_18A-6 SPACEHAB SUBSYSTEM WATER LOOP NMANAGEMENT

THE SUBSYSTEM WATER LOCP OR WATER LI NE HEATERS MUST BE ACTI VE
PRI OR TO PAYLOAD BAY DOOR OPENI NG AND MUST REMAI N ACTI VE THRU
El -10 M NUTES, UNLESS ATTI TUDE MANAGEMENT | S | NVOKED. @[cr5551 ]

Thisruleis intended to supersede paragraph C of Rule {A18-552}, SPACEHAB SUBSYSTEM WATER
LOOP MANAGEMENT. Boeing thermal analysis (MDC 93W5633) indicates at least 2 hours exists
before damage to the PLHX is possible due to freezing for stagnant water lines without heaters with the
PLB doors closed. Between EI-10 and postlanding wheel stop (approximately 1 hour), the crew isin their
seats and are considered to be unavailable to initiate Orbiter Water Line Heatersvia L12 panel switch
action. The SPACEHAB half of the water line heaters can beinitiated by crew action on panel C3.
Attitude Management in place of either loop flow or line heatersis addressed in Rule {A18-555},
WATER LINE HEATER MANAGEMENT. @[crR5551 ] ®[ED ]
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GENERAL

107_19A-1 SPACEHAB M NI MUM M SSI ON OBJECTI VES

THE FOLLOW NG PAYLOAD M SSI ON OBJECTI VES ARE DEFI NED AS M NI MUM
M SSI ON REQUI REMENTS FOR A NOM NAL DURATI ON M SSI ON.  @®[cr5544B ]

REFERENCE RULES {107_11A-4}, CCTV REQU REMENTS, {107_19A- 3},
EXPERI MENT POAER | NTERRUPT CONSTRAI NTS, {107_2A-63}, M CROGRAVI TY
CONSTRAI NTS, AND {107_2A- 71}, ATTI TUDE/ PO NTI NG CONSTRAI NTS, FOR
REQUI REMENTS | N SUPPORT OF M SSI ON OBJECTI VES.

A. ADVANCED PROTEI N CRYSTALLI ZATI ON FACI LI TY (APCF) REQUI RES
CONTI NUOUS POVNER THROUGH DEACTI VATI ON.

APCEF is autonomous, and operates independently of crew intervention. APCF activation and
deactivation are required in support of mission objectives.

B. ADVANCED RESPI RATORY MONI TORI NG SYSTEM ( ARMS) REQUI RES
COVPLETI ON OF THE FOLLOW NG 27 ACTIVITY SETS:

2 REBREATHE 1A RUNS AND 1 REBREATHE 1B RUN

1 MUSCULAR 1A RUN, 5 MJSCULAR 1B RUNS, AND 2 MJUSCULAR 1C RUNS
4 PULMONARY 1 RUNS, 4 PULMONARY 2 RUNS, AND 4 PULMONARY 3 RUNS
4 MUSCULAR 2 RUNS

For maximum mission success, ARMS desires that these runs be executed on time and in the documented
sequence as shown in the Flight Plan. Overall ARMS activities must be preceded by successful setup of
the ARMS hardware and ergometer unit.

C. ASTROCULTURE 10/1 (AST) REQUI RES CONTI NUOUS PONER, 4
SAMPLI NGS (2 WTH VIDEO AND 2 W THOUT), AND OCA FI LE
DOWNLI NKS.  AST 10/ 2 REQUI RES FLU D TRANSFER ACTI VI Tl ES
AND TWO | NSTANCES OF 35 MM STI LL PHOTOS. @[cr5627B ]

AST activities must be preceded by activation. AST 10/2 is unpowered. ®[CR 55448 |
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D. Bl OBOX REQUI RES CONTI NUOUS PONER. @®[CR5544B ] ®[CR5627B ]

BIOBOX operations are ground commanded with no crew interaction or insight. Experiment monitoring
and commanding are done from the ground.

E. Bl OPACK REQUI RES CONTI NUOUS POVNER BEG NNI NG W TH ACTI VATI ON
AND PERFORVANCE OF THE LEUKI N, BONES, REPAIR, CONNECT,
STROMA, BACTER, YSTRES, AND Bl OKI N EXPERI MENTS.

F. CGRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS (Bl OTUBE/ MFA)
REQUI RES CONTI NUOUS POANER FROM ACTI VATI ON LATE I N THE M SSI ON
TO DEACTI VATI ON FOR APPROXI MATELY 48 HOURS OF OPERATI ON PRI OR
TO MODULE CLOSEQUT.

The payload software autonomously controls all operations following power-up. Activation and
deactivation are required in support of mission objectives. Reference Rule {107_11A-4}, CCTV
REQUIREMENTS for video requirements.

G BIOLOd CAL RESEARCH | N CANI STERS (BRI C) REQUI RES CONTI NUCUS
POAER UNTI L PONERDOMN AND COVPLETI ON OF LED OPERATI ONS FOR
FOUR CANI STERS, | NHI BI TI ON FOR THREE CAN STERS, AND FI XATI ON
FOR ALL CANI STERS.

H Bl OREACTOR DEMONSTRATI ON SYSTEM ( BDS- 05) REQUI RES 18
| NSTANCES OF MEDI A SAMPLE AND PCBA ANALYSI'S, 7 | NSTANCES OF
CELL SAMPLE AND FI XATI ON, 11 | NSTANCES OF MEDI A TRAY EXAM NE,
AND 6 | NSTANCES OF Tl SSUE SAMPLE 35 MM STI LL PHOTGS.

BDS-05 activities must be preceded by successful activation, setup, and media tray configuration.
Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements.

| . CLOSED EQUI LI BRATED BI OLOG CAL AQUATI C SYSTEM ( CEBAS)
REQUI RES | NI TI AL TAPE | NSTALLATI ON AS EARLY AS PCSSI BLE,
DAI LY TAPE CHANGEQUT, AND CONTI NUOUS PONER.

J. COWERCI AL | TA Bl OVEDI CAL EXPERI MENT (Cl BX) REQUI RES
ACTI VATI ON PRI OR TO CREW SLEEP ON FLI GHT DAY (FD) 1,
FOUR M D-M SSI ON ADJUSTNMVENTS, AND CONTI NUOUS POVER
®[CR5627B ]

Activation and deactivation are required in support of mission objectives. ®[CR5544B |
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K. COVBUSTI ON MODULE — 2 (CM 2) REQUI RES COVPLETI ON CF THE
FOLLOW NG ACTI VI TI ES: @[crR5544B ]

Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements and Rule {107_2A-63},
MICROGRAVITY CONSTRAINTS  @®[CR5627B ]

1. LSP - 15 TESTS

LSP tests require successful setup, checkout, LSP integration, VCR checkout, and pre-test
verifications. In support of LSP operations, two CM-2 chamber accesses to changeout equipment,
VCR tape changeouts, startups, shutdown evacuations, chamber fills, and powerdowns are required.
At the end of each test, file downlink isrequired. LSP deintegration is required to remove the LSP
EMS

2. SOFBALL — 15 TESTS

SOFBALL tests require successful EMS integration, checkout, pre-test two-bottlefill, and on-orbit leak
integrity check. In support of SOFBALL operations, SOFBALL power ups, tape changeouts pre-test, GC
flushes and calibrations, TARGA/DDR changeouts, powerdowns and GC bakeout arerequired. At the
end of each test and after last GC calibration, file downlink is required. SOFBALL shutdown isrequired
to remove the SOFBALL EMS

3. MST - 33 TESTS I NCLUDI NG 3 DRY TESTS

MIST tests require successful EMSintegration, startup, and color camera setting adjustment. In
support of MIST operations, chamber accesses to changeout equipment, powerups, chamber bleeds,
powerdowns, and MIST shutdowns are required. At the end of each test, file downlink is required.
MIST deintegration isrequired to remove the MIST EMS  ®[CR 56278 ]

L. COWVWERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROMH ( CMPCG)
REQUI RES CONTI NUOUS PONER.

Activation and deactivation are required in support of mission objectives.

M  COMBI NED TWO- PHASE LOOP EXPERI MENT ( COMRPLEX) REQUI RES
COVPLETI ON OF A LOOP HEALTH CHECK PRICR TO I NI TI AL
OPERATI ONS, 3 NON- CONTI GUAUS, 48 HOUR SESSI ONS OF ATTI TUDE
DEPENDENT GROUND COMVANDED OPERATI ONS, AND ATTI TUDE
| NDEPENDENT GROUND OPERATI ONS.

Activation and deactivation are required in support of mission objectives. Reference Rule {107_2A-71},
ATTITUDE/POINTING REQUIREMENTS for attitude requirements and constraints. ®[CR 55448 ]
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N. COMMERCI AL PROTEI N CRYSTAL GROMH PROTEI N CRYSTALLI ZATI ON
FACI LI TY (CPCG PCF) REQUI RES CONTI NUOUS PONER.  @[CR5544B ]

Activation and deactivation (once temperature ramp from 4-22 deg C is complete) arerequired in
support of mission objectives.

O EUROPEAN RESEARCH I N SPACE AND TERRESTRI AL OSTEOPCORCSI S
(ERI STO REQUI RES 10 CELL FEEDI NGS AND CONTI NUQUS POVZER
THROUGH DEACTI VATI ON. ®[crs5627B ]

Deactivation isrequired in support of mission objectives. The specific intervals at which ERISTO cell
feedings occur are defined in NSTS-21426 Spacehab-GRLM CIP Annex 2, part 1.

P. FACILITY FOR ADSORPTI ON AND SURFACE TENSI ON ( FAST) REQUI RES
ACTI VATI ON NO EARLI ER THAN SH MODULE ACTI VATI ON PLUS 4 HOURS
AND CONTI NUOUS PONER FROM ACTI VATI ON THROUGH DEACTI VATI ON.
FAST REQUI RES 9 GROUND COMVANDED EXPERI MENT RUNS. EACH
EXPERI MENT RUN CONSI STS OF 3 EXPERI MENT SEQUENCES, 3
THERMOREGULATI ONS, AND ONE | NJECTI ON.

Activation and deactivation are required in support of mission objectives. Reference Rule {107_11A-4},
CCTV REQUIREMENTS for video requirements.

Q FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH ( FRESH)
REQUI RES CONTI NUOUS PONER AND WATER REFI LLS AS REQUI RED.

Reference Rule {107_19A-262}, FRESH STATUS CHECKS, for status check requirements.

R HLS - ENHANCED ORBI TER REFRI GERATOR/ FREEZER (EOR/ F) REQUI RES
CONTI NUQUS POVNER FROM ACTI VATI ON ON- ORBI T THROUGH POSTLANDI NG
RETRI EVAL.

EOR/F is a support item for HLS and has no science objectives.

S. HLS - THERMOELECTRI C HOLDI NG MODULE (TEHM) REQUI RES
CONTI NUOUS POVER. @[CR5627B ]

TEHM is a support item for HLS and has no science objectives. The TEHM will also be used for cold
storage of the Vapor Compression Distillation Flight Experiment (VCD FE) sample box. ®[CR5544B ]
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| T. HLS - M CROBI AL PHYSI OLOGY FLI GHT EXPERI MENTS (MPFE) REQUI RES
TRAY #1 ANALYSI S AS EARLY AS PGCSSI BLE, 7 | NSTANCES OF TEST
CARD ANALYSI S, GROWH CONTROL SETUP, AND GROWH CONTROL

TERM NATI ON. @®[CR5544B ] ®[CR5627B |

Activation and deactivation are required in support of mission objectives. The quality of science return
fromanalysis of card tray 1 quickly diminishes beyond 48 hours after preflight inoculation.

U  HLS - SLEEP REQUI RES THE CREW TO UNSTOW DON ACTI LI GHT WATCHES
AS SOON AS POSSI BLE AFTER ORBIT |'S ACH EVED AND COVPLETE A
SLEEP LOG AS SOON AS PGCSSI BLE AFTER WAKEUP EACH DAY.

ACTI LI GHT WATCHES ARE DOFFED AND STOWED PRI OR TO D/ O PREP.

V. HLS - PHYSI OLOGY AND BI OCHEM STRY EXPERI MENT SET ( PHAB4)
REQUI RES DESI GNATED CREWVEMBERS TO PERFORM THE FOLLOW NG

1. ON A DAILY BASIS, | NGEST POTASSI UM Cl TRATE TABLETS W TH
EVENI NG MEAL, COLLECT AND FREEZE SALI VA SAMPLES, COLLECT
AND STORE SALI VA SAMPLES AT AMBI ENT TEMPERATURE.

2. COLLECT AND FREEZE ADDI Tl ONAL SALI VA SAMPLES ON FLI GHT
DAYS 3 AND 12.

3. PCBA ANALYSI S OF BLOOD DRAWN ON FLI GHT DAYS 3-6 AND 12-
15.

In support of PCBA analysis, a functional test and control analysiswill be performed on the PCBA every
day on which blood draws will be performed.

4. COLLECT URI NE SAMPLES ON FLI GHT DAYS 3-6 AND 12-15.

5. ON FLI GHT DAYS 3 AND 12, PHAB-4 CREWWEMBERS BEG@ N A Tl MED
SEQUENCE OF ACTI VI TI ES | NCLUDI NG FASTI NG BLOOD DRAWS,
ORAL TRACER | NGESTI ON, AND CALCI UM TRACER | NFUSI ON ( FD3
ONLY). ADDI TI ONAL BLOOD DRAWS ARE REQUI RED 24, 48, AND
72 HOURS AFTER ORAL TRACER | NGESTI ON.  @®[CR5544B ] ®[CR5627B |
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6. | NFUSE DESI GNATED CREWENMBERS W TH HI STI DI NE TRACER ON
FLI GHT DAY 3 AND 12 AT 10-12 HOURS AFTER ORAL CALCI UM
AND ALANI NE TRACER | NGESTI ON AND COLLECT BLOOD SAMPLES
10 M NUTES AFTER HI STI DI NE TRACER | NFUSI ON.  @®[cr5544B ] ®[CR
5627B |

In support of PHAB-4 blood collection, blood samples should stand for 15 minutes prior to centrifuging,
then be centrifuged for 15 minutes, and placed in the EORF within 1 hour 15 minutes of collection.

7. ALL CREWMEMBERS RECORD ALL FOOD, FLUI DS, MEDI CATI ONS AND
EXERCI SE ON DESI GNATED FLI GHT DAYS.

The Bar Code Readers are used to facilitate recording crew intake and will be downloaded to the shared
or subsystem PGSC on Flight Days 4, 6, 13, 14, and 15. The Bar Code Reader batteries will be replaced
on Flight Days 4, 11, and 14.

W  MECHANI CS OF GRANULAR MATERI ALS (M3V) REQUI RES COVPLETI ON OF
THREE RUNS ON EACH OF THREE TEST CELLS, PERFORVMED I N
SEQUENCE.

Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements.

X. M N ATURE SATELLI TE THREAT REPORTI NG SYSTEMS ( MSTRS) REQUI RES
SYSTEM POAER ON PRI OR TO BEG NNI NG OPERATI ONS, ( OPERATI ONS
MJUST NOT BEG N EARLI ER THAN 00/ 16: 00) GROUND COVMANDED OPS
FOR 4 SETS OF 4 CONTI NUOUS ORBI TS EACH, AND A 1 HOUR WARM UP
PRI OR TO EACH SET OF OBSERVATI ONS. EACH OPERATI ONS SET MJST
BE SEPARATED BY 24 HOURS. @[cr5627B ]

Reference Rule {107_2A-71}, ATTITUDE/POINTING REQUIREMENTS for attitude requirements and
constraints.

Y. OSTECPORCSI S EXPERI MENT (OSTEO REQUI RES 11 CELL FEEDI NGS
APPROXI MATELY 24 HOURS APART AND CONTI NUOUS POVNER THROUGH
DEACTI VATI ON.

Deactivation isrequired in support of mission objectives. ®[CR5544B |
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Z. SPACE ACCELERATI ON MEASUREMENT SYSTEM — FREE FLYER ( SAMS- FF)
REQUI RES PONER DURI NG OPERATI ONS. @®[CR5544B ]

Activation and Deactivation is required in support of mission objectives. SAMSis primarily flown to
provide time correlated microgravity environment data to CM2 and MGM.

AA. STAR NAVI GATI ON ( STARNAV) REQUI RES 20, 30- M NUTE GROUND
COMVANDED DATATAKES. | MVEDI ATELY FOLLOW NG EACH OBSERVATI ON,
5 M NUTES FOR | MAGE DOMNLOAD AND DEACTI VATI ON IS REQUI RED
BEFORE NEXT DATATAKE BEG NS. STARNAV REQUI RES THEI R
OPERATI ONS BE CONDUCTED OVER A M NI MUM FOUR DAY | NTERVAL
BETWEEN THE FI RST AND LAST OPERATI ONS.

Activation and deactivation is required in support of mission objectives. Reference Rule {107_2A-71},
ATTITUDE/POINTING REQUIREMENTS for attitude requirements and constraints.

AB. STARS- BOOTES REQUI RES VI DEO PER RULE {107_11A-4}, CCTV
REQUI REMENTS.

Experiment activation is required twice in support of mission objectives. Reference Rule {107_11A-4},
CCTV REQUIREMENTSfor video requirements.

AC. VAPOR COVPRESSI ON DI STI LLATION (VCD) REQUI RES 6 DAYS OF
EXPERI MENT OPERATI ONS (WATER SAMPLES FOR ALL RUNS EXCEPT
THE FI RST DAY AND Al A VALVE PCSI TIONING FOR 3 QUT OF 6
RUNS) . @[cr5627B ]

Setup, activation, deactivation, and shutdown are required in support of mission objectives.

AD. ZEOLI TE CRYSTAL GROMH (ZCG REQU RES M XING OF 12 CLEAR
AUTOCLAVE UNITS AND M XI NG OF 19 METAL AUTOCLAVE ASSEMBLI ES
W TH SUBSEQUENT FURNACE PROCESSI NG OF THESE UNI TS. @®[cR5627B ]

Activation, deactivation of the furnace, and stowage of the processed autoclave units arerequired in
support of mission objectives. Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video
requirements. ®[CR5544B ]
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107_19A-2 SPACEHAB ACTI VATI ON CONSTRAI NTS

| T 1S H GHALY DESI RABLE TO PERFORM SPACEHAB EXPERI MENT DATA SYSTEM
ACTI VATI ON VHI LE ACS.

SPACEHAB POCC highly desires monitoring of the activation steps in order to detect and recover from

any off nominal conditions. If LOS, the crew can continue with the rest of Spacehab activation and then
return to Experiment Data System Activation once AOS. ®DN38 ]

107_19A-3 EXPERI MENT POAER | NTERRUPT CONSTRAI NTS

FOR LCSS OF PONER, THE MAXI MUM TI ME THE FOLLOW NG EXPERI MENTS CAN
SURVI VE W THOUT POAER | S DEFI NED BELOW

A.  SPACEHAB M DDECK EXPERI MENTS
1. OSTEO - 20 M NUTES
2 CEBAS — 15 M NUTES
3 BRIC - 15 M NUTES
4. CWMPCG - 15 M NUTES
5 Bl OPACK - 15 M NUTES eppN6Y ]

TH'S RULE CONTI NUED ON NEXT PAGE
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ZEOLI TE CRYSTAL GROWMH-1 (ZCG 1)

107_19A- 251 ZCG TOUCH TEMPERATURE

CREW UNLQADI NG OF ZCG AUTOCLAVES W LL NOT OCCUR UNTI L ADEQUATE
COOL DOWN TI ME HAS BEEN ALLOTTED AND THEI R TEMPERATURE HAS BEEN
VERI FI ED LESS THEN 45 DEG C. @[cr5555A ]

The ZCG furnace processes the autoclaves at temperatures as high as 175 deg C. The furnace
temper ature can be monitored via the Zeolite Experiment Control System (ZECS) data display and
by temperature strips placed on the surface of the furnace. Reference: Hazard Report ZCG-1;
Cause 2.

107_19A- 252 ZCG AUTOCLAVE LEAKAGE

TO PROTECT AGAI NST ZCG CLEAR AUTOCLAVE LEAKAGE, THREE LEVELS OF
CONTAI NMENT W LL BE MNAI NTAI NED AT ALL TI MES, EXCEPT WHEN BEI NG
TRANSFERRED | NTO AND QUT OF THE GLOVEBAG.

ZCG metal autoclaves have three levels of containment by design and require no special
considerations. ZCG clear autoclaves only provide two levels of containment, and therefore are
dependent on sealed storage bags, a storage transportation box, and a Glovebag to provide the
third level of containment. The Zeolite solution stored in the autoclavesis very caustic with pH
between 10-12. Thefluid in the autoclave is not under pressure in ambient conditions. Reference:
Hazard Report GBXE-15; Causes 2, 3a, 3b.

107_19A- 253 THROUGH 107_19A- 260 ARE RESERVED e[cR5555A ]
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FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH- 2 ( FRESH- 2)

107_19A- 261 | MAGERY DOWALI NK CONSTRAI NTS @[cr5562 ]

THERE W LL BE NO DOMLI NKED PHOTGS OR VI DEO OF THE AN MAL
SUBJECTS UNLESS REQUESTED BY THE NASA CHI EF VETERI NARY COFFI CER OR
DUTY VETERI NARI AN TO ASSESS THE HEALTH OR WELFARE OF THE AN MALS.
ROUTI NE DOANLI NK OF PHOTGOS OR VI DEO | MAGERY W LL NOT BE
PERFORMVED. epN41 ] ®[ED ]

Animal health checks will be routindy performed throughout the mission and the results recorded by the
crew. If the animals appear stressed, their statuswill be communicated by the crew to the Chief
Veterinary Officer or Duty Veterinarian either by voice call or operational OCA file transfer.
Downlinking of photos or video images may then occur if required by the NASA Chief Veterinary Officer
or Duty Veterinarian for determination of animal health or welfare. Routine downlink of photos or video
imagery of animalsis not required for animal welfare or scientific reasons, and is therefore not
authorized. Reference NASA Memo, “ On-orbit Imagery of Animal Subjects,” from M-7/Acting Deputy
Associate Administrator for Space Shuttle, dated June 7, 2002. ®DN41 ] ®[CR5562 ]

107_19A- 262 FRESH STATUS CHECKS

DURI NG ORBI T OPERATI ONS, FRESH 2 RODENTS AND HARDWARE REQUI RE
A STATUS CHECK EVERY 24 HOURS VH LE ON ORBIT AS LONG AS THE
SPACEHAB MODULE | S ACCESSI BLE TO THE CREW @[DN42 ] ®[CR5700 |

Daily health and hardware checks are required to assure the well being of the animals. Reference page
59 of the National Research Council Guide for the Care and Use of Laboratory Animals. The SH hatch
isnominally closed during final deorbit preparation and is not planned to be re-opened in the event of a
deorbit waveoff. If Spacehab isre-ingressed and if time permits, experiment status checks will be
performed.

Reference Rule {107_2A-26}, EXTENSON DAY GUIDELINES. ®[cr5700 ]

107_19A- 263 THROUGH 107_19A-270 ARE RESERVED
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SECTI ON 20 - FREESTAR

GENERAL

107_20A-1 FREESTAR M Nl MUM M SSI ON OBJECTI VES

THE FOLLOW NG PAYLOAD M SSI ON OBJECTI VES ARE DEFI NED AS M NI MUM
M SSI ON REQUI REMENTS FOR A NOM NAL DURATI ON M SSI ON:

A, MEIDEX REQU RES A M NIMUM OF 140 M NUTES OF DESERT AEROSCL
PRI MARY DATA COLLECTI ON SCHEDULED BETWEEN THE TWO RO 'S AND A
M N MUM OF ONE LUNAR OR GROUND CALI BRATI ON EVERY SEVEN DAYS

For maximum mission success, MEIDEX highly desires to perform observations during every over pass of
the ROI’ s in which the minimal lighting conditions are met within + 45 degrees from zenith. Asa
secondary observation set, MEIDEX highly desires a minimum of 2 hours of Sprite observations.

B. SOLSE REQU RES A M NI MUM OF SI X OBSERVATI ONS OF LI MB VI EW NG
AND TWO OBSERVATI ONS OF EARTH VI EW NG ( EACH SI NGLE
OBSERVATI ON | S APPROXI MATELY 120 M NUTES LONG, | NCORPORATI NG
AN | LLUM NATED ORBI T FLANKED BY TWO ECLI PSES) .

SOLSE highly desires a minimum of four additional limb views and one additional earth view. After
desired observations of 13 orbits are met, SOLSE has the capability to record data for 19 additional
orbits (i.e., a total capacity of 32 orbits). epne63 ]

C O/ REQUIRES AMNMMOF 200 HOURS OF CONTI NUOUS COPERATI ONS.

A total minimum of 304 hours of continuous operation is highly desired.

D. SOLCON REQU RES A M NI MUM OF TEN, 40-M NUTE SOLAR VI EW NG
OBSERVATI ONS, EACH PRECEDED AND FOLLOWED BY SPACE VI EW NG
CAL| BRATI ONS.

E. LPT REQUI RES THE ON-ORBI T DEMONSTRATI ON OF FI VE PAYLQAD
OBJECTI VES: GPS NAVI GATION (4 ORBI TS REQUI RED); GN
COVMUNI CATI ONS (EI GHT 5 M NUTE TESTS REQUI RED); TRDSS
COMMUNI CATI ONS (6 HOURS REQUI RED); ON-ORBI T RECONFI GURATI ON
(TWD 20 M NUTE TESTS REQUI RED); AND DEMONSTRATI ON OF RANGE
SAFETY (TWD 2.5 M NUTE TESTS REQUI RED) .

Through each demonstration, LPT will also be validating their 1P in Space capabilities. Asa
supplemental objective, LPT highly desires to operate the receivers as much as possible throughout the
flight.
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107_20A-2 HH ACTI VATI ON/ DEACTI VATI ON

A.  FREESTAR MUST BE ACTI VATED W THI N 3 HOURS AFTER PLBD OPENI NG
OR PRIOR TO LEAVING A -ZLV ATTI TUDE, WH CHEVER COMES FI RST.
HH MUST BE DEACTI VATED WTHI N 3 HOURS OF PLBD CLOSURE.

Activation (comprised of crew performed activation plus ground commanded application of power to
thermostatically controlled experiment heaters) isrequired to prevent the HH e ectronics from violating
the operational limits of 0 deg C to 40 deg C at powerup. Deactivation isrequired no earlier than 3
hours prior to PLBD closure to prevent violation of the -10 deg C thermal limit on the unpowered HH
electronics. Thislimit isfor reasons of certification of reflight hardware and is not a safety requirement.
Note: Thisassumes an initial temperature of 20 deg C when the PLBD’s are opened and a PLBD
opening attitude of -ZLV. Thetime to exceed thermal limits may be updated if the bay sill temperatures
vary significantly from 20 deg C, or if actual maneuver times do not occur as scheduled. ®pN6s4 ]
®[CR5626A |

B. SOLSE MUST BE ACTI VATED WTH N 6 HOURS AFTER PLBD OPEN NG
SOLSE MUST BE DEACTI VATED WTHI N 6 HOURS OF PLBD CLOSURE.

The SOLSE constraint is based upon the assumption that a -ZLV (payload bay to Earth) attitude is flown.
Thisrequirement isreduced to 4.5 hours if the initial Orbiter attitude is not payload bay to Earth.

107_20A-3 HH THERVAL CONSTRAI NTS

A.  HH EXPOSURE LIMTS

1. WTH THE HH PAYLOAD ACTI VATED AND HEATERS ENABLED I N THE
ABSENCE OF THERMAL ANALYSIS, THE LIM TS ARE TABULATED AS

FOLLOWE:
ATTITUDE COMPONENT TEMP LIMIT (°C) EXPOSURE TIME (HRS)

-ZLV AVIONICS N/A NO CONSTRAINTS
EXPERIMENT N/A

-ZS| AVIONICS 40 8
EXPERIMENT 13 1

-ZDS AVIONICS 0 6.5
EXPERIMENT 12 6.75
THI'S RULE CONTI NUED ON NEXT PAGE
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107_20A-3 HH THERVAL CONSTRAI NTS ( CONTI NUED)

E. | F FREESTAR HAS BEEN DEACTI VATED DUE TO VI OLATI ONS ANDY OR
PREDI CTED VI OLATI ONS OF LOWNER THERVAL LIM TS OF THE HH
AVIONI CS, THE PAYLOAD MAY ONLY BE DEACTI VATED FOR PERI CDS OF
LESS THAN 3 HOURS ASSUM NG THAT BENI GN ATTI TUDES, SUCH AS
-ZLV, WLL BE FLOMN. ON A BEST EFFORT BASI S, THE SHUTTLE
SHALL ASSUME A THERVAL RECOVERY ATTI TUDE BEFORE REACTI VATI ON
| S ATTEMPTED. THE PERI OD REQUI RED FOR PAYLOAD RECOVERY W LL
BE DETERM NED I N REAL TI ME THROUGH THERVAL ANALYSI S AT THE HH
POCC.

Assuming a nominal operating temperature of 12 deg C, the HH avionics could fall below its operational
temperature limit of 0 deg C within 4 hours if powered off. Thislimit isfor mission success and isnot a
safety requirement. If the HH avionics has violated its operational lower limit of O deg C, the payl oad
must be warmed before activation is attempted. As no telemetry is available to monitor the temperature
of the payload when the HH avionics is deactivated, specifications of the warming required will be based
on real-time analysis. Activating the avionics when the temperature is too low could result in potentially
serious damage to flight hardware. If the HH avionicsis predicted to have fallen below its lower
hardware qualification limit of -10 deg C, a real-time assessment will be made, as the performance of the
HH avionics may not be reliable even after warming to within operational limits.

F. SOLSE REQUI RES THAT THE HH-JR AVIONI CS AND BI A REVAI N

ENABLED FROM PAYLQAD ACTI VATI ON THROUGH DEACTI VATI ON.
®[CR5851 |

Heater power is not maintained if the BIA and/or HH-JR avionics are disabled. e[crR5851 ]

G CvX — REFERENCE RULE {107_2A-71}, ATTI TUDE/ PO NTI NG
CONSTRAI NTS.  epDN67 ]

H  FREESTAR SHALL NOT BE EXPOSED TO MORE THAN 12 HOURS
CONTI NUOUS SOLAR VI EW NG.  @®[DNe66 ]

Thermal analysis predicts that the MEIDEX battery could exceed its safety temperature limits if the
MEIDEX power is failed ON with the MEIDEX door closed in a bay to sun attitude that exceeds 12
hours. ®DN66 ]
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APPENDI X A
ACRONYMS AND ABBREVI ATI ONS

A ANALYSI S

A G Al R- TO- GROUND

ABE ARVED BASED ELECTRONI CS

ABT ABORT

AC ALTERNATI NG CURRENT

ACS ATTI TUDE CONTROL SYSTEM

ACVS AUTOVATI C TARGETI NG AND REFLECTI VE ALI GNMENT CONCEPT
COVMPUTER VI SI ON SYSTEM

ADSEP ADVANCED SEPARATI ON

AGHF ADVANCED GRADI ENT HEATI NG FACI LI TY

ALT ALTERNATE
ALTI TUDE

AQA ABORT ONCE ARGUND

ACS ACQUI SI TI ON OF Sl GNAL

APCF ADVANCE PROTEI N CRYSTALLI ZATI ON FACI LI TY

APDU ALT PONER DI STRI BUTI ON UNI T

APC8 ALTERNATE PROCEDURE #8

APU AUXI LI ARY PONER UNI' T

ARV ADVANCED RESPI RATORY MONI TORI NG SYSTEM

ASAP AS SOON AS PGCSSI BLE

AST ASTROCULTURE

AST-10/1 ASTROCULTURE PLANT GROMH CHAMBER
AST-10/ 2 ASTROCULTURE GLOVEBOX

ATO ABORT TO ORBIT
ATR AMBI ENT TEMPERATURE RECORDER
ATT ATTI TUDE
AUG AUGVENTED
AUTO AUTOVATI C
AV AVI ONI CS
AZ AZI MJTH
BDS Bl OREACTOR DEMONSTRATI ON SYSTEM
BET BENDI NG EFFECT TEMPERATURE
BEST ESTI MATE TRAJECTORY
BFS BACKUP FLI GHT SYSTEM
Bl A BUS | NTERFACE ADAPTER
Bl OS BASI C | NPUT/ QUTPUT SYSTEM
Bl OTUBE/ MFA GRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS
Bl TE Bl NARY | NTERNAL TI ME ELECTRONI CS
BUI LT IN TEST EQUI PMENT
BRI C Bl OLOG CAL RESEARCH I N CANI STERS
BRSS BCElI NG REUSABLE SPACE SYSTEMS
B/ U BACKUP
STS-107 12/19/02 FINAL, PCN-1 ACRONYMS A-1
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CPCG- PCF
CPM
CSCS

CSR
CSS

BAY VENT DOCR

CELSI US

CHECKOUT

CABI N

CAPSULE COVMUNI CATOR

CAPTURE

CORRECTI VE COVBI NATI ON MANEUVER

CLOSED CI RCU T TELEVI SI ON

COUNTER CLOCKW SE

CENTRAL DATA UNI'T

COMVANDER

CARGO ELEMENT

CLOSED EQUI LI BRATED Bl OLOG CAL AQUATI C SYSTEM
CENTRALI ZED EXPERI MENT WATER LOCP
CENTER OF GRAVI TY

COMMVERCI AL | TA BI OVEDI CAL EXPERI MENT
CREW | NTERFACE COCRDI NATOR

CRITI CAL | TEMS LI ST

Cl RCULATI ON

CELLS I N SPACE

COVBUSTI ON MODULE- 2

COMVANDED

COVPLEMENTARY METAL OXI DE SEM CONDUCTOR
COMMVERCI AL MACROMCOLECULAR PROTEI N CRYSTAL GROAMH
CARGO MANAGEMENT TEAM

CONTACTS

CONTROL

CREW OPTI CAL ALI GNMVENT SI TE

COMBI NED 2 PHASE LOOP EXPERI MENT
COVMUNI CATI ON

COVPUTED

CONTI NUE

CONTI NENTAL UNI TED STATES

( NASA CONTI NGENCY GROUND STATI ON LOCATED AT
VANDENBERG AFB, CA)

COVBUSTI ON PRODUCTS ANALYZER

COMMERCI AL PROTEI N CRYSTAL GROMH
COMMERCI AL PROTEI N CRYSTAL GROMH - PROTEIN
CRYSTALLI ZATI ON FACI LI TY

CELL PERFORVANCE MONI TOR

CHANGE REQUEST

CENTRALI ZED SUCTI ON COOLI NG SYSTEM
CUSTOVER SUPPORT ROOM

CONTROL STI CK STEERI NG

CRITI CAL VI SCCSI TY OF XENON

CLOCKW SE
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DAP

DTO
DTV
Dv

EAFB
ECLS
ECS
EDO
EDS
EDW
EE
EECOM
EG L
El

EL
EMJ

E- NCSE
EQM
EOR/ F
EPS
ESC
ESM
ESTL

ERI STO
ET

ETRO
EVA

DERI G DI ZATI ON

D G TAL AUTO PI LOT

DEAD BAND

DECLI NATI ON

DEGREES

DI SPLAY ELECTRONICS UNI' T
DRYDEN FLI GHT RESEARCH CENTER
DELAY

SPACEHAB DOUBLE MODULE

DI SCREPANCY NOTI CE

DEPARTMENT OF DEFENSE

DI SCRETE QUTPUT HI GH

DI SCRETE OUTPUT LOW

DEPLOY

DATA PROCESSI NG SYSTEM S)
DEEP SPACE

DETAI LED SUPPLEMENTARY OBJECTI VE
DEVELOPMENT TEST OBJECTI VE

D G TAL TELEVI SI ON

DELTA VELOCI TY

EDWARDS Al R FORCE BASE

ENVI RONMENTAL CONTRCL AND LI FE SUPPORT
ENERGY CONVERSI ON SUBSYSTEM

EXTENDED DURATI ON ORBI TER

EXPERI MENT DATA SYSTEM

EDWARDS Al R FORCE BASE

END EFFECTOR

EMERGENCY, ENVI RONVENTAL AND CONSUVABLES MANAGEMENT
ELECTRI CAL GENERATI ON AND | NTEGRATED LOADI NG
ENTRY | NTERFACE

ELEVATI ON

EXTRAVEH CULAR MOBILITY UNIT

ELECTRONI C NOSE

END OF M SSI ON

ENHANCED ORBI TER REFRI GERATOR/ FREEZER

ELECTRI CAL PONER SYSTEM

ELECTRONI C STI LL CAMERA

ELECTRONI C SUPPCORT MODULE

( NASA CONTI NGENCY GROUND STATI ONS LOCATED | N HOUSTON,
TX AND I N WALLOPS | SLAND, VA)

EURCPEAN RESEARCH | N SPACE AND TERRESTRI AL
OSTEOPCRCSI S

EXTERNAL TANK

ESTI MATED TI ME OF RETURN TO OPERATI ON
EXTRAVEH CULAR ACTI VI Tl ES
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EVP EXHAUST/ VENT PACKAGE

EXP EXPERI VENT

F FAHRENHEI T

F/C FLI GHT CONTROL

FAA FEDERAL AVI ATI ON AGENCY

F/C FLI GHT CONTROL

FAO FLI GHT ACTIVI TI ES OFFI CER

FAST FACI LI TY FOR ADSORPTI ON AND SURFACE TENSI ON STUDI ES
FC FUEL CELL

FCVB FUEL CELL MONI TORI NG SYSTEM
FCR FLI GHT CONTRCL ROOM

FCS FLI GHT CONTROL SYSTEM

FCT FLI GHT CONTROL TEAM

FD FLI GHT DI RECTOR

FD FLI GHT DAY

FDF FLI GHT DYNAM CS FACI LI TY

FDO FLI GHT DYNAM CS OFFI CER

FES FLASH EVAPORATOR SYSTEM

FM FREQUENCY MCDULATED

FMVDM FLEX MJULTI PLEXER/ DEMULTI PLEXER
FOFE FI BER OPTI CS FLI GHT EXPERI MENT
FOR FLI GHT OPERATI ONS REVI EW

FOV FI ELD OF VI EW

FPM FLOW PROPORTI ONI NG MCDULE

FPR FLI GHT PERFORMANCE RESERVE

FPS FEET PER SEC

FPV FLOW PROPCORTI ONI NG VALVE

FRCB FLI GHT RULES CONTROL BQOARD

FRCS FORWARD REACTI ON CONTROL SYSTEM
FRESH FUNDAMENTAL RCDENT EXPERI MENTS SUPPORTI NG HEALTH

FSCU | NT FI RE SUPPRESSI ON AND CONTROL UNI T | NTERNAL
FWD FORWARD

GAS GET AWAY SPECI AL

GBA GAS BRI DGE ASSEMBLY

GCA GROUND CONTROLLED APPROACH

G- GRAPPLE FI XTURE

G RA GALLEY | GDI NE REMOVAL ASSEMBLY
GvIr GREENW CH MEAN TI ME

G\C GUI DANCE NAVI GATI ON AND CONTRCL
GoM GROUND OPERATI ONS MANAGER

GPO GUI DANCE & PROCEDURES OFFI CER
GPC GENERAL PURPOSE COVPUTER

GPS GLOBAL PGCSI TI ONI NG SYSTEM

GSE GROUND SUPPORT EQUI PMENT

GSFC GODDARD SPACE FLI GHT CENTER
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GUAM (NASA CONTI NGENCY GROUND STATI ON LOCATED AT ANDERSON
AFB, GUAM

HAI NS H GH ACCURACY | NERTI AL NAVI GATI ON SYSTEM

HAZ HAZ ARDOUS

HBI A H TCHHI KER BUS | NTERFACE ASSEMBLY

HDR H GH DATA RATE

HE HELI UM

HEDS HUVMAN EXPLORATI ON AND DEVELOPMENT OF SPACE

HES H TCHH KER EJECTI ON SYSTEM

HESE H TCHHI KER EJECTI ON SYSTEM ELECTRONI CS

HH H TCHHI KER

HHL HAND HELD LASER

HH OPS H TCHHI KER OPERATI ONS DI RECTCOR

HLS HUMAN LI FE SCI ENCES

HN H GH NOON e@[cr5844 ]

HP HElI GHT OF PERI GEE

HST HUBBLE SPACE TELESCOPE

HTD HEDS TECHNOLOGY DEMONSTRATI ON

HULA (NASA CONTI NGENCY GROUND STATI ON LOCATED AT KAENA
PO NT, HI)

HVI U H TCHHI KER VI DEO | NTERFACE UNI T

I I NHI BI T

| C | NSTRUMENT CARRI ER

| EH 3 | NTERNATI ONAL EXTREME ULTRAVI OLET H TCHH KER

| FM | N- FLI GHT MAI NTENANCE

| MJ | NERTI AL MEASUREMENT UNI T

| P | MPACT PO NT

| PS | NERTI AL PO NTI NG SYSTEM

| NCO | NSTRUVENTATI ON AND COMMUNI CATI ONS OFFI CER

| NFLT | N- FLI GHT

/O | NPUT/ QUTPUT

| TA SPACEHAB | NTEGRATED TUNNEL ASSEMBLY

JDI JONATHAN DI CKI NSON

JDMTA JOHNATHAN DI CKI NSON M SSI LE TEST ANNEX

JA P JO NT OPERATI ONS | NTERFACE PROCEDURES

JSC LYNDON B. JOHNSON SPACE CENTER

KBPS KILO BI TS PER SEC

KOH POTASSI UM HYDROXI DE

KSC JOHN F. KENNEDY SPACE CENTER

KW KI LOMATTS
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LBS
LCC
LCG
LDR
LED
LI ON

LI RS
LGS
LPT
LRU
LSP
LTM
LV
LVLH

M

MAGR
MAN
MASS
MAT
MAX
VBPS
MCC
MCC- H
MCC- M
MCS
MCl U
MV
IVDF
VDM
MECO
VElI DEX
IVEL
MESS
VET
MEBX
MGV
M LA
M N
M ST
M.S
W
MVACS

LEFT

POUNDS

LAUNCH COM T CRI TERI A

LAVBERT CYCLI C GUI DANCE

LOW DATA RATE

LI GHT EM TTI NG DI CDE

(NASA CONTI NGENCY GROUND STATI ON LOCATED AT RAF
OAKHANCER, UNI TED Kl NGDOM)

THE LOW | ODI NE RESI DUAL SYSTEM
LINE OF SI GHT

LOW PONER TRANSCEI VER

LI NE REPLACEABLE UNI T

LAM NAR SOOT PROCESS

LANDVARK TRACK MANEUVER

LOCAL VERTI CAL

LOCAL VERTI CAL LOCAL HORI ZONTAL

METER

MVEASURED

M DDECK

M NI ATURE Al RBORNE GPS RECEI VER
MANUAL

M NI ATURE ACQUI SI TI ON SUN SENSOR
MATERI AL

MAXI MUM

MEGA BI TS PER SECOND

M SSI ON CONTROL CENTER

M SSI ON CONTROL CENTER - HOUSTON
M SSI ON CONTROL CENTER - MOSCOW
MAGNETI C CONTROL SYSTEM

MANI PULATOR CONTROL | NTERFACE UNI' T
M CROBI AL CHECK VALVE

M NI MUM DURATI ON FLI GHT

MULT! PLEXER/ DEMULTI PLEXER

MAI' N ENG NE CUTOFF

MEDI TERRANEAN | SRAELI DUST EXPERI MENT
M NI MUM EQUI PMENT LI ST

MAXI MUM ENVELOPE STORACGE SYSTEM

M SSI ON ELAPSED TI ME

M DDECK GLOVEBOX

MECHANI CS OF GRANULAR MATERI ALS
MERRI TT | SLAND LAUNCH AREA

M NI MUM

WATER M ST EXPERI MENT

M CROMVE LANDI NG SYSTEM

M SSI ON MANAGER
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SPACE SHUTTLE OPERATI ONAL FLI GHT RULES ANNEX
FLI GHT STS-107
FI NAL

PREFACE

THI' S DOCUMENT, DATED JUNE 20, 2002, CONTAINS THE FI NAL VERSI ON OF
THE STS-107 FLI GHT- SPECI FI C FLI GAT RULES AND IS | NTENDED TO BE
USED I N CONJUNCTI ON W TH THE SPACE SHUTTLE OPERATI ONAL FLI GHT
RULES, NSTS-12820, VOLUME A, WHI CH CONTAI N THE GENERI C FLI GHT
RULES FOR ALL FLI GHTS.

THE FLI GHT RULE NUMBERI NG SYSTEM HAS BEEN UPDATED. THE NEW NUMBERS
WLL MAKE RULES EASI ER TO REFERENCE BOTH PRE-M SSI ON AND | N THE
CONTRCL CENTER. AN EXPLANATI ON OF THE UPDATED NUMBERI NG SYSTEM I S
SHOMN ON PAGE VI I.

I T IS REQUESTED THAT ANY ORGANI ZATI ON HAVI NG COMMENTS, QUESTI ONS,
OR SUGGESTI ONS CONCERNI NG THESE FLI GHT RULES CONTACT DA8/B. A
LEVY, FLIGHT DI RECTOR OFFI CE, PHONE 281-483- 8586.

ALL FLI GHT RULES ARE AVAI LABLE ON THE | NTERNET. THE URL | S:

HTTP: / / MOD. JSC. NASA. GOV/ DA8. NO I D OR PASSWORD W LL BE REQUI RED TO
ACCESS ANY OF THE RULES PROVI DED THE USER | S ACCESSI NG FROM A
TRUSTED SI TE (ALL NASA CENTERS, CONTRACTORS, AND | NTERNATI ONAL
PARTNERS). | F UNABLE TO ACCESS, USERS NEED TO SEND AN E- MAI L NOTE
TO DA8/M L. CGRIFFITH (MARY. L. GRI FFI THL@ SC. NASA. GOV) W TH THEI R
FULL NAME, COVPANY, | P ADDRESS, AND A JUSTI FI CATI ON STATEMENT FOR
ACCESS.

THIS IS A CONTROLLED DOCUMENT AND ANY CHANGES ARE SUBJECT TO THE
CHANGE CONTRCL PROCEDURES DELI NEATED I N APPENDI X B. TH S DOCUMENT | S
NOT TO BE REPRODUCED W THOUT THE WRI TTEN APPROVAL OF THE CHI EF,

FLI GHT DI RECTOR OFFI CE, DA8, LYNDON B. JOHNSON SPACE CENTER, HOUSTON,
TEXAS.

APPROVED BY:

L L4

EELLY B ECK
5T5-10 EAD FLIGHT DIRECTOR

g £ ey |

. HARPOLD \ RONALD D. DITTEMORE
DIRECTOR, MISSION OPERATIONS MANAGER, SPACE SHUTTLE PROGRAM
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 1 -

GENERAL, AUTHCRI TY, AND DEFI NI TI ONS

GENERAL

107_1A-1

FLI GHT RULE APPL| CABI LI TY

TH' S DOCUMENT CONTAINS THE STS-107 FLI GHT- SPECI FI C FLI GAT

RULES AND |'S | NTENDED TO BE USED I N CONJUNCTI ON W TH THE SPACE
SHUTTLE OPERATI ONAL FLI GHT RULES, NSTS-12820, VOLUVE A, VWH CH

CONTAIN THE GENERI C FLI GHT RULES FOR ALL FLI GHTS.

107_1A-2

VEHI CLE CONFI GURATI ON

STS- 107/ Ov-102 FLI GHT SPECI FI C VEH CLE CONFI GURATI ONS AS RELATED
TO THE GENERI C RULES ARE LI STED I N THE FOLLOW NG TABLE:

TABLE 107_1A-2- 1|

VEHICLE CONFIG DEPENDENT COMPONENT/ CONFIGURATION
RULES SYSTEM
SECTIONS A#.6.%, SPACEHAB RESEARCH DOUBLE MODULE
{A13-156}, {A17-202}, {A17-302}
{A10-361}, {A10-362}, {A10-363}, VIEWPORT YES
{A10-364}, {A10-365}
{A15-201}, {A15-202}, {A17-202}, AIRLOCK INTERNAL
{A17-302}, {A18-60}, {A18-61}, {A18-62},
{A18-306}
{A17-202}, {A17-302} TUNNEL ADAPTER | YES
{A10-341}, {A10-342}, {A10-343}, oDS NO
{A10-344}, {A10-345}, {A10-346}
{A10-281} PRLA N/A
{A2-112}, SECTION 12 PDRS NO
{A2-105}, {A2-1001}, {A7-102}, {A7-5}, DISPLAY SYSTEM MEDS
{A7-109}, {A7-1001}, {A8-18}
{A15-26} SSOR/SSER YES

{A9-257}, {A9-262}

CRYO TANK SET

9

{A17-202}, {A17-302}

N, TANK SET

5 (OFF-LOADED TO THE EQUIVALENT OF 4)

{A2-1001}, {A13-152}, {A13-155},
{A17-53}, {A17-106}, {A17-155},
{A17-156}, {A17-1001}

CO, CONTROL

LIOH

®[ED ]

TH S

RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02

FINAL, PCN-1

GENERAL, AUTHORITY,
AND DEFINITIONS

Verify that this is the correct version before use.
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107_1A-2

VEH CLE CONFI GURATI ON  ( CONTI NUED)

TABLE 107_1A-2- |

( CONTI NUED)

VEHICLE CONFIG DEPENDENT COMPONENT/ CONFIGURATION
RULES SYSTEM
{A10-73} HYD ACCUMULATOR | BELLOWS (ALL)
{A13-30}, {A17-551} IODINE REMOVAL GIRA PRIME
{A2-1001}, {A9-154}, {A18-256}, RAD ISOLATION YES

{A18-1001}

VALVE

{A9-154}, {A17-3}, {A17-103}, {A17-151},
{A17-153}, {A17-154}, {A17-1001}

AV BAY 3A FAN

STD AVIONICS BAY FAN

{A2-265} GPS SINGLE STRING
{A9-154} TACAN GOULD (ALL 3 SLOTS)
{A5-2}, {A5-10}, {A5-11}, {A5-12}, SSME C - BLOCK II
{A5-153} L - BLOCK II

R - BLOCK I
{A6-2}, {A6-3} oMs L-116

R-114
{A2-105} SPARE HUD NO
{A2-105} PAYLOAD YES

RECORDER

{A2-323} SPARE PDI YES
®DN84 ] ®[ED ]
107_1A-3 PAYLOAD OPERATI ONS ASSESSIVENT

FOR PAYLOAD OPERATI ONS GO NO- GO DECI SI ON PURPCSES, PAYLQOAD AND
SPACECRAFT SYSTEM CAPABI LI TY ASSESSMENTS W LL BE BASED ON THE
BEST ESTI MATE OF THEI R CAPABI LI TY TO MEET THE M NI MUM FLI GHT
REQUI REMENTS.  SYSTEMS PERFORMANCE CAPABI LI TY | N EXCESS OF
SPECI FI CATI ON REQUI REMENTS W LL BE CONSI DERED USABLE.

Reference Rules {107_19A-1}, SPACEHAB MINIMUM MISSON OBJECTIVES and {107_20A-1},
FREESTAR MINIMUM MISSON OBJECTIVES @®pDN12 |
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107_1A-4 ORBI TER COORDI NATE SYSTEM

THE ORBI TER BODY AXI'S COCRDI NATE SYSTEM W LL BE USED W TH N THE
FLI GHT RULES CONTEXT. THI S AXIS SYSTEM | S DEFI NED AS A RI GHT-
HANDED, ORTHOGONAL COORDI NATE SYSTEM W TH THE +X AXI' S EXTENDI NG
FORWARD ( THROUGH THE ORBI TER NOSE), AND THE +Y AXI S EXTENDI NG TO
STARBOARD. THE +Z AXI S COVPLETES THE RI GHT- HAND SYSTEM AND
EXTENDS DOMWARD ( THROUGH THE ORBI TER BELLY).

This coordinate system is used onboard the orbiter by the orbiter flight software. It is different than the
orbiter structural axis system used in the Payload Integration Plan (PIP) which has the + X axis
extending aft through the orbiter tail, and the +Z axis extending upwards out of the payload bay. The
+Y axis in both systems is the same (extends to orbiter starboard).
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AUTHORI TY

107_1A-11 FLI GHT DI RECTOR AUTHORI TY

A.  THE NASA FLI GHT DIRECTOR (FD) IS THE FI NAL AUTHORI TY I N
CONTI NUI NG THE SPACE SHUTTLE | NTERFACE TO THE PAYLQAD.

SHf-explanatory.

B. THE FLIGHT DI RECTOR, AFTER ANALYSI S OF THE FLI GHT CONDI Tl ON,
MAY CHOCSE TO TAKE ANY NECESSARY ACTI ON REQUI RED FOR THE
SUCCESSFUL COVPLETI ON OF THE FLI GHT CONSI STENT W TH CREW
SAFETY.

SHf-explanatory.

C. THE FLIGHT DI RECTOR | S RESPONSI BLE FOR OVERALL FLI GHT
OPERATI ONS | NTEGRATI ON AND EXECUTI ON FROM SCLI D ROCKET
BOOSTER (SRB) | GNI TI ON UNTI L CREW EGRESS OR GROUND SUPPORT
EQUI PMENT (GSE) COCLI NG ACTI VATI ON, WHI CHEVER OCCURS LATER
AT THIS TIME, THE FLI GHAT D RECTOR W LL TRANSFER OVERALL
RESPONSI Bl LI TY TO THE GROUND OPERATI ONS MANAGER (GO .

These rule statements are intended to more specifically define this authority within the context of mission
operations. JSC Mission Operationsis not responsible for control of Spacehab subsystem operations.

107_1A-12 M SSI ON MANAGEMVENT TEAM ( MMT)

A, THE MMI' CONSI STS OF:
1. MANAGER, SPACE SHUTTLE PROGRAM

2. SPACE SHUTTLE ELEMENTS (AS SPECI FI ED BY SPACE SHUTTLE
PROGRAM OFFI CE)

3. M SSI ON OPERATI ONS DI RECTOR
4. CARGO MANAGEMENT TEAM (CMI) e@pN13 ]
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107_1A-12 M SSI ON MANAGEMENT TEAM ( MMT)  ( CONTI NUED)

Every attempt will be made preflight to predict potential anomaly and contingency situations and
establish the best course of action. However, for those contingencies not covered in the preflight
documentation, a structure exists to provide customer inputs and decisions to the mission management
and the Flight Control Teams (FCT's). This structure is the Mission Management Team (MMT).

The MMT at JSC consists of NASA mission management and payload management representatives. The
NASA mission management includes the Manager, Space Shuttle Program, or his designated
representative, the Director of Mission Operations, the Cargo Management Team, and other appropriate
NASA management. The Cargo Management Team is physically located at JSC and is chaired by the
Soace Shuttle Flight Manager (Space Shuttle Program Integration Office). The payload management
representative includes the Payload Mission Manager(s), or his designated representative. ®pN13 ]

The purpose of the MMT is to provide management direction and decisions when mission events fall
outside the scope of predefined real-time operations roles and responsibilities. If mission circumstances
require an unanticipated change in the major mission objective or operations policy, the operations team
will recommend a cour se of action and identify options to the MMT. The MMT evaluates the operations
team’' s recommendation and provides direction to implement the agreed course of action.

B. THE M SSI ON MANAGEMENT TEAM | S RESPONSI BLE FOR PROVI DI NG NEAR
REAL- TI ME PCLI CY AND OVERALL M SSI ON DI RECTI ON WHENEVER
OPERATI ONS QUTSI DE THE SHUTTLE/ PAYLOAD M SSI ON RULES OR
OPERATI NG BASE ARE REQUI RED.

C. THE MANAGER, SPACE SHUTTLE PROGRAM (OR HI S DESI GNATED
REPRESENTATI VE), AS CHAI RVAN OF THE M SSI ON MANAGEMENT TEAM
'S THE FI NAL AUTHORI TY FOR COWM TTI NG THE SPACE SHUTTLE
SYSTEM TO ACCOWMPLI SH UNPLANNED TASKS FOR VWH CH SPACE SHUTTLE
SAFETY AND/ OR OPERATI ONAL RI SK ARE GREATER THAN PLANNED
PREM SSI ON.

D. THE FLI GAT MANAGER (OR HI S DESI GNATED REPRESENTATI VE) CHAI RS
THE CMI. THE FLI GHT MANAGER PROVI DES THE CMI' LAUNCH GO TO
THE MMI' UPON STATUSI NG THE PAYLOAD/ EXPERI MENT ORGANI ZATI ONS
FOR READI NESS. THE FLI GHT MANAGER, AS CMI CHAI R, OVERSEES
THE FLI GAT MANI FEST OPERATI ONS FROM THE CUSTOVER SUPPORT ROOM
(CSR), RESOLVI NG PRI CRITY | SSUES, AND COORDI NATI NG AND/ OCR

OVERSEEI NG THE RESOLUTI ON OF ANY OTHER FLI GHT MANI FEST | SSUE.
®DN13 ]
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107_1A-12 M SSI ON MANAGEMENT TEAM ( MMT)  ( CONTI NUED)

E. THE PAYLOAD M SSI ON MANAGER (OR HI' S DESI GNATED
REPRESENTATI VE), AS A MEMBER OF THE CARGO MANAGEMENT TEAM
IS THE FI NAL AUTHORI TY WTHI N H' S PAYLOAD COVPLEMENT ON
PAYLOAD M SSI ON OBJECTI VES OR POLI CY CHANGES AND FOR
COW TTI NG THE PAYLOAD TO ACCOWPLI SH TASKS FOR WHI CH THE
OPERATI ONAL RI SK |'S GREATER THAN PLANNED PREM SSI ON.  epN13 ]

The Payload Mission Manager (or his representative) is a member of the CMT and makes the final
decision regarding payload objectives within his payload complement to the Flight Manager. The
Payload Mission Manager for Spacehab is the Spacehab Program Manager and the Payload Mission
Manager for FREESTAR is the FREESTAR Mission Manager. Reference Rule {107_1A-14}, PAYLOAD
OPERATIONSMANAGEMENT AUTHORITY, for additional information. Payload Mission Manager
for RAMBO isDOD REP. @®DN13 ] ®[CR5895A ]

107_1A-13 FLI GHT CONTROL TEAM ( ECT)

A, THE FCT IS RESPONSI BLE FOR EXECUTI NG THE FLI GHT WTH N THE
GUI DELI NES AND AUTHORI TY ESTABLI SHED W THI N THE SPACE SHUTTLE
OPERATI ONAL FLI GHT RULES.

B. THE FLI GHT DI RECTOR AND VARI QUS PAYLQAD OPERATI ONS DI RECTORS
ARE THE PRI MARY PO NTS OF CONTACT FOR OPERATI ONS COORDI NATI ON
ALTHOUGH THE PRI MARY PAYLOAD OPERATI ONS CONTROL CENTER ( POCC)
| NTERFACE TO THE M SSI ON CONTRCL CENTER (MCC) FCT IS
NOM NALLY THROUGH THE MCC PAYLOAD OFFI CER

C. (FLI GHT SPECI FI Q)

ORGANIZATION LOCATION CALL SIGN TITLE
SPACE SHUTTLE HOUSTON MCC HOUSTON FLIGHT NASA FLIGHT DIRECTOR
SPACE SHUTTLE HOUSTON MCC PAYLOADS NASA PAYLOAD OFFICER
SPACEHAB JSC POCC SHOD SPACEHAB OPS DIRECTOR
FREESTAR GSFC POCC HH OPS HITCHHIKER OPERATIONS DIRECTOR
RAMBO DOD POCC (JSC) DOD REP DOD REPRESENTATIVE
®DN89 ] ®CR5534 ] ®[CR5895A |
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107_1A-14 PAYLOAD OPERATI ONS/ MANAGEMENT AUTHORI TY

A.  SPACEHAB
1. SPACEHAB PROGRAM MANAGER ( SHPM) AUTHORI TY

a. PRELAUNCH THE SHPM OR H S DESI GNATED REPRESENTATI VE
MAY REQUEST LAUNCH HOLDS VI A MCC-H FOR GROUND SUPPORT
FACI LI TI ES ANOVALI ES THAT VI OLATE LAUNCH COMWM T
CRI TERI A. @®DN14 ]

b. POST LAUNCH THE SHPM OR HI S DESI GNATED REPRESENTATI VE
'S THE FI NAL AUTHORI TY FOR SPACEHAB MODULE SYSTEMS-
RELATED DECI SIONS. THE SHPM AFTER ANALYSI S OF THE
SPACEHAB SYSTEMS CONDI TI OQN, MAY CHOOSE TO TAKE ANY
NECESSARY SYSTEMS ACTI ON REQUI RED TO PRESERVE SYSTEMS
CAPABI LI TY.

2. SPACEHAB OPERATI ONS DI RECTOR (SHOD) AUTHORI TY

THE SHOD |I'S RESPONSI BLE FOR DI RECTI NG THE TECHNI CAL
SPACEHAB FCT MEMBERS AND HAS THE PRI MARY AUTHORI TY TO
MAKE REAL- TI ME OPERATI ONS DECI SI ONS FOR THE SPACEHAB
MODULE SYSTEMS.

THE SHOD IS THE PRI MARY PO NT OF CONTACT TO THE PAYLQAD
OFFI CER AND COORDI NATES SPACEHAB SYSTEMS, RESPONSES TO
SPACEHAB RELATED ANQVALI ES, RESPONSES TO SPACE SHUTTLE
PROGRAM ( SSP) FCT | NQUI RES, CHANGES TO EXPERI MENT
OPERATI ONS, AND REQUESTS FOR ORBI TER | NFORVATI ON AND
SERVI CES. @epDN14 ]
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107_1A-14 PAYLOAD OPERATI ONS/ MANAGEMENT AUTHORI TY ( CONTI NUED)

B. FREESTAR

1. THE H TCHHI KER OPERATI ONS DI RECTOR (HH OPS), LOCATED AT
THE GSFC POCC, ACTS AS THE PRI NCl PAL OPERATI ONS | NTERFACE
TO THE MCC PL OFFI CER.  THE HH OPS DI RECTOR REPRESENTS
THE FREESTAR PAYLOAD.

2. THE FREESTAR M SSI ON MANAGER, LOCATED AT THE GSFC PQOCC,
| S THE FI NAL AUTHORI TY FOR FREESTAR- RELATED DECI SI ONS.

3. THE H TCHH KER REPRESENTATI VE (HH REP), LOCATED AT THE
JSC CSR, I'S THE FI NAL AUTHORI TY FOR FREESTAR RELATED
DECI SIONS | F THE FREESTAR M SSI ON MANAGER | S UNABLE TO BE
REACHED.

C RAMBO @[CR5534 ] ®[CR5895A ]

THE DEPARTMENT OF DEFENSE REPRESENTATI VE ( DOD REP),
LOCATED AT THE JSC DCD PCCC, IS THE FI NAL AUTHORI TY FOR
RAMBO- RELATED DECI SI ONS. @®DN14 ] ®CR5534 ] ®[CR5895A ]
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FCR RESPONSI BI LI TI ES

107_1A-21 DEVELOPMENT TEST OBJECTI VE (DTO)/ DETAI LED

SUPPLEMENTARY OBJECTI VE (DSO)/ Rl SK M Tl GATI ON
EXPERI MENT ( RVE) / HUVAN EXPLORATI ON AND DEVEL OPMENT
OF SPACE TECHNOLOGY DEMONSTRATI ON (HTD) FCR
RESPONSI Bl LI TI ES

THE FOLLOW NG FCR POSI TI ONS ARE RESPONSI BLE FOR THE LI STED DTO S,
DSOS, RVWE' S, AND HID S.

A GU DANCE, NAVI GATI ON, AND CONTROL (GNC):

1.

DTO 805 CROSSW ND LANDI NG PERFORVANCE ( DTO OF
OPPORTUNI TY)

2. DTO 700-14 SING.E STRING GLOBAL PGCsI TI ONI NG SYSTEM — NO

PAYLOAD AND GENERAL SUPPORT COMPUTER (PGSC) OPTI ON
B. SURGEON:

1. DSO 632 PHARMACOKI NETI CS & CONTRI BUTI NG PHYSI OLOd C
CHANGES DURI NG SPACE FLI GHT- PROTOCOL B ( PRE/ POST FLI GHT)
®[CR5489 |

2. DSO 635 SPATI AL REORI ENTATI ON FOLLOW NG SPACE FLI GHT
(PRE/ PCST FLI GHT)

3. DSO 498 SPACE FLI GHT AND | MMUNE FUNCTI ON (NO I N- FLI GHT
CREWTIME OR STOMCE |S REQUI RED) @DpN15 ] ®[CR5489 |
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107_1A-22 SUPPORT EQUI PMENT FCR RESPONSI BI LI TY epN16 ]

THE FOLLOW NG EQUI PMENT USED I N SUPPORT OF THE PAYLQADS IS THE
RESPONSI Bl LI TY OF THE FCR DI SCI PLI NES AS | NDI CATED:

A.  PAYLOAD DATA | NTERFACE PANEL (PDI P):
1. ELECTRI CAL QUTLETS - EQL

2. PAYLOAD DATA | NTERFACE PANEL (PDIP) COWM PORTS - PAYLOADS
(J101, J103, J105), (INCO (J107)

3. KU BAND RATE SWTCH - | NCO

4., KU BAND DATA |/ O PORT AND JUVWPER PLUG - FAO epnN2 ]
®DN16 ]

Comm port J101 is used by Mediterranean Israeli Dust Experiment (MEIDEX) to route experiment video
to the orbiter. J103 isused by MEIDEX for PGSC interface. J105 is used to establish a command and
data interface between BIOPACK and Spacehab. J107 isused by SSV for VU & PDI interface. The
Ku-Band rate switch is the responsibility of INCO due to its interface to the Ku Sgnal Processor and
potential for interrupting Spacehab Ku Channd 2 and 3 data. FAO provides expertise on the Ku-Band
Data I/O connector used to route data via the Orbiter Communications Adapter (OCA). A Jumper Plug
installed on the Ku-Band Data /O port is necessary to complete the Ku-band Forward Link command
path to Spacehab. This plug will be installed prelaunch. Thereis also a stowed backup plug. epn2 ]
®[CR5536 |

B. DIG TAL TELEVI SION (DTV) — I NCO

DTV isflown in support of the MEIDEX payload. The full DTV system has been integrated into the
vehicle such that the MUX controls the source of PL MAX data (Spacehab or DTV video) to Channel 3 of
the Ku-band Sgnal Processor (KuSP).

C. STANDARD SW TCH PANELS (SSP) - PAYLQOADS

For STS107, there are two SSP's being flown at the L12 location. SSP-1 supports FREESTAR and
OARE and SSP-2 supports Spacehab and the PDIP.

D. OCA - FAO

THI'S RULE CONTI NUED ON NEXT PAGE

STS-107 06/20/02 FINAL GENERAL, AUTHORITY, 1-10
AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_1A-22 SUPPORT EQUI PVENT FCR RESPONSI Bl LI TY ( CONTI NUED)

E. PGSC RESPONSI BI LI TIES: e@pN16 ]
1. ORBI TER PROVI DED PGSC HARDWARE - FAO
2 SPACEHAB PROVI DED LAPTOP COVPUTERS - PAYLQADS
3 PCDECOM SOFTWARE — FAO
4. GPS DTO 700-14 SOFTWARE - GNC
5

MElI DEX AND SHUTTLE QZONE LI MB SOUNDI NG EXPERI MENT
(SCLSE) -2 (HHJR/ BIA) SOFTWARE — PAYLQADS e[crs5844 ]

6. SPACEHAB AND EXPERI MENT SOFTWARE - PAYLQADS

The purpose of this Ruleis to define the FCT points of contact for equipment used in support of
payloads. Reference Rule {107_2A-54}, PGSC USAGE GUIDELINES for additional information on
PGSC and SH Laptop computer usage. ®DN16 ]
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SECTION 2 - FLI GHT OPERATI ONS

PRELAUNCH

107_2A-1 LAUNCH W NDOW

A, ON JANUARY 16, 2003, THE LAUNCH W NDOW OPENS AT 15: 39

GREENW CH MEAN TI ME (GVIT) AND CLOSES AT 18: 09 GWI. @[CR5556A ]
®[CR5868A |

1. THE LAUNCH W NDOW OPENS ON 2-2-2 KSC AND EDW e[crss68A |

2. CLOSING OF THE W NDOW I S CONSTRAI NED BY THE 2. 5- HOUR CREW
ON BACK TI ME CONSTRAI NT.

3. FOR SCHEDULI NG AND NOTI FI CATI ON PURPCSES, THE LAUNCH
CLEARANCE W NDOW (LAUNCH PERIOD) 1S 4 HOURS | N DURATI ON.
THE LAUNCH PERICD IS 1500 TO 1900 GVIT. ®[CR5556A ] ®[CR5871 |

B. MEDI TERRANEAN | SRAELI DUST EXPERI MENT ( MEI DEX) REQUI RES A
LAUNCH W NDOW THAT W LL TAKE THE ORBI TER THROUGH THE TWD
PRI MARY NMEI DEX RO S DURI NG DAYLI GHT HOURS SUCH THAT THE
SPEC!I FI ED SOLAR ZENI TH ANGLE OVER THE ROl |S SATI SFI ED FOR A
COVBI NED M NI MUM OBSERVATI ON TI ME OF NO LESS THAN 140
M NUTES. A SOLAR ZENNTH WTHIN 45 DEG IS REQUI RED | F THE
LAUNCH DATES FALL BETWEEN MARCH 7TH THROUGH SEPTEMBER 23RD.
QUTSIDE OF TH S TI MEFRAME, THE SOLAR ZENI TH ANGLE | S REQUI RED
TOBE WTH N 70 DEG  e[cr5845 ]

Solar declination prohibits meeting the 45 deg constraint for the duration of the mission if the launch
date falls outside of the March 7th to September 23rd timeframe. If the launch occurs outside of this
timeframe, MEIDEX highly desires that operations are maximized when the solar zenith angle iswithin
60 deg or less over the ROI. MEIDEX solar zenith angle definition is the angle between the Sun and
orbiter zenith, unless a specific ground location is chosen. In that case, the solar zenith angle definition
is the angle between the Sun and the groundsite zenith. The Mediterranean ROI is defined by Latitude
31 N to 39 N and Longitude 0 (Greenwich) to 35E. The Atlantic ROI is defined by 15 N Latitude/35 W
Longitude, 15 N Latitude/20 W Longitude, 5 N Latitude/10 W Longitude, 5 N Latitude/5 E Longitude, 5
SlLatitude/5 E Longitude, and 5 S Latitude/35 W Longitude. MEIDEX desires to be flown between the
months of September and June, as the standard atmospheric profile during July and August provide few
opportunities for viable sampling. MEIDEX highly desiresto be flown during the months of March-May
or September-October due to enhanced probability for dust events in the Mediterranean ROI (where peak
intensity and activity of desert aerosols occur during the spring and fall). If mission operations occur
during the months of July or August, then the Atlantic ROl will be enlarged to 25 N (where dust plumes
migrate during this period). ®[cr5845 |
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107_2A-1 LAUNCH W NDOW ( CONTI NUED)

C. THE PREDI CTED USABLE MAI N PROPULSI ON SYSTEM (MPS) RESI DUALS
AT NOM NAL MAI N ENG NE CUTOFF (MECOY MUST BE CGREATER THAN OR

EQUAL TO 2.93-SI GVA PLUS MEAN I N- FLI GHT PERFORVMANCE RESERVE.
®[CR 5556A |

Ascent Performance Margin (APM) can be reduced from the standard 3-sigma value to 2.93-sigma. This
reduction protects all Range Safety constraints and meets the payload altitude requirements defined in
the CIP (150 circular). Thisreductionin APM is equivalent to a 3-feet/second under speed and this can
be made up with the existing Orbital Maneuvering System (OMS) and forward RCS propellant margin.
This 3-fps under speed reduces the MECO apogee from 153 to 151.5 nmwhich is the payload minimum
altitude constraint. Thus, all performance margins and LOX drainback times on launch day will be
computed using the 2.93-sigma level. ®[CR5556A ] ®[CR5868A |

D. THE STANDARD LAUNCH W NDOW GRAPH | S SHOMN AS TABLE
107_2A-1-1.

E. THE LAUNCH W NDOW DI G TAL DATA IS SHOMN AS TABLE 107_2A-1-11.
TH'S RULE CONTI NUED ON NEXT PAGE
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LAUNCH W NDOW ( CONTI NUED)

107 _2A-1

COMPCSI TE LAUNCH W NDOW GRAPH

TABLE 107_2A-1-|
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FLIGHT RULES

107_2A-2 LAUNCH COW T CRI TERI A

THE FOLLOW NG PAYLOAD REQUI REMENTS ARE MANDATORY TO COWM T THE
ORBI TER TO LAUNCH AND ARE EFFECTI VE UNTIL T-9 M NUTES AND
COUNTI NG, OR AS DI CTATED BY LCC EFFECTIVITY: epDN74 ]

A.  ORBI TER LCC REQUI REMENTS DRI VEN BY PRI MARY PAYLOAD ACTI VI TI ES
PER THE STS-107 M NI MUM EQUI PMENT LI ST (VEL):

1. ONE OF TWO PAYLOAD (PL) COMMUNI CATI ON STRI NGS ( PF
MDM PSP/ MTU FREQUENCY Dl VI DER)

Orbiter Generic LCC requires two of two PF MDM’ s for payload bay door closure but the Payload
Sgnal Processor (PSP) requirement is mission dependent. For STS-107, Spacehab requires a payload
communication string, which includes a PSP and its associated payload MDM. String 1 accepts serial
commands from the orbiter GPC via payload MDM PF1, and string 2 accepts serial commands from the
orbiter GPC via payload MDM PF2. There are three frequency dividers but only two provide clock
signals for PSP command capability. Frequency divider 1 provides clock signals for PSP1 command
capability and frequency divider 2 provides clock signals for PSP2 command capability.

DOCUMENTATION: LCC DPS-03, BFS09, INS03, STS107 MEL.
2. PF1 MDM DI SCRETE OUTPUT CARD 14 TO SPACEHAB e[crs621 ]

Discrete Output High (DOH) card 14 channd 2 provides a single command interface to critical Spacehab
subsystems and is required to support Spacehab operations. Failure of this card to a high state will cause
an FSS Arm indication and subsequent Main Power Kill. Spacehab also utilizes PF1 MDM Discrete
Output Low (DOL) card 0 channdl 2 and PF2 MDM DOH card 2 channel 2. Critical system hardwareis
controlled by PF1 MDM Card 0, but all hardware can be recovered with on-orbit IFM’s (FD1 IFM will be
required in order to complete SH Activation) and an LCC was not deemed appropriate. The PF2 MDM
card 2 cannot be detected for a failure to either a low or high state and therefore an LCC could not be
written. The PF2 MDM card 2 failure to the high state will issue a FSS Discharge command, but the
command will have no effect unless the FSSisarmed at that time. ®[crR 5537 |

DOCUMENTATION: LCC RDM-06. ®[CR5537 ] ®[CR5621 ]
3. MUY GV | R G B CONVERTER/ PTB

The Master Timing Unit (MTU) supplies GMT and MET to various downstream users, including
payloads via the Payload Timing Buffer. The Miniature Satellite Threat Reporting System (MSTRS)
Spacehab payload is the driver for this LCC since it receives GMT directly from the Payload Timing
Buffer fromthe GMT IRIG-B converter and cannot use MET. Therefore, if the GMT IRIG-B converter
fails, MSTRSwill not have timetag information and resultsin loss of nearly all MSTRS science
objectives. Refer to Rule {107_7A-3}, LOSS OF ORBITER MASTER TIMING UNIT (MTU)/PAYLOAD
TIMING BUFFER, for additional impacts that do not directly affect launch go/no-go decisions.

DOCUMENTATION: LCCINSO03, STS107 MEL. ®DN74 ]
THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-2 LAUNCH COW T CRI TERI A ( CONTI NUED)

4., PAYLOAD DATA | NTERLEAVER W TH ElI THER THE PRI MARY OR
BACKUP DECOM LOCKED. @pDN74 ]

The Payload Data Interleaver (PDI) provides the only source of telemetry to the orbiter General Purpose
Computer (GPC) or downlink for operation of the Spacehab system. With either the primary DECOM
(DECOM 1) or backup DECOM (DECOM?2) locked, the crew will be able to monitor safety critical
parameter s through the Backup Flight System (BFS). The ground has the capability to determine the
state of the safety critical parameters through other means in the event of a failure of the primary
DECOM.

DOCUMENTATION: LCC RDM-04, STS-107 MEL.
5. ORBI TER BUS REQUI REMENTS:
a. PR PL
b. PL AFT M\B

The primary payload bus and PL Aft Main Bus B (MNB), and PL cabin buses provide power to Spacehab
equipment and experiments. The PL AC2 and AC3 buses are not active prelaunch, but the orbiter AC
buses providing power to these PL AC buses are covered by the Generic Orbiter LCC. PL CAB 2 and
PL CAB 3 arerequired by Spacehab, but the only insight into PL CAB 2 and PL CAB 3 is the switch
position.

DOCUMENTATION: LCC EDPC-03, EDPC-04, RDM-05, RDM-06, STS-107 MEL.
6. TWO OF TWDO FLOW PROPORTI ONI NG MODULE ( FPM

Two Flow Proportioning Valves (FPV's) in Payload Heat Exchanger (PLHX) are required during
Spacehab operations.

DOCUMENTATION: LCC ECL-40, STS-107 MEL.

B. COMVAND AND TELEMETRY PROCESSI NG CAPABI LI TY MJUST BE
OPERATI ONAL OR HAVE AN ESTI MATED TI ME TO RETURN TO OPERATI ONS
BY SPACEHAB ACTI VATI ON TO ENABLE GROUND COMVANDI NG AND
MONI TORI NG OF CRI TI CAL SUBSYSTEMS DURI NG ON- ORBI T OPERATI ONS.

Ground commanding is required to configure Spacehab systems and to control experiment operations.
The ability to throughput and process downlink data is required to monitor critical Spacehab systems
and to collect experiment data.

C. FREESTAR AND RAMBO HAVE NO LAUNCH COM T CRITERI A.  @DN74 ]
®[CR5895A |
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107_2A-3 LAUNCH TURNAROUND

A

FOR A LAUNCH DELAY OF 24 HOURS FROM THE | NI TI AL LAUNCH
ATTEMPT, THE M DDECK MJST BE ACCESSED TO REPLACE SPACEHAB
M DDECK EXPERI MENTS. @pDN18 ]

FOR A LAUNCH DELAY OF 48 HOURS FROM THE I NI TI AL ATTEMPT
(1. E., TWO CONSECUTI VE LAUNCH ATTEMPTS SCRUBBED), THE

M DDECK AND SPACEHAB MODULE MUST BE ACCESSED TO REMOVE,
REFURBI SH, AND REPLACE EXPERI MENTS.

Some middeck payloads can only sustain the initial planned launch attempt. For a 1 day delay after the
payl oads have been installed, they must be replaced to support a second launch attempt. If launchis
delayed by 48 hours or more (two consecutive launch attempts scrubbed), there are middeck payl oads
which must be removed, refurbished, and reinstalled prior to a subsequent launch attempt. In addition,
there are also payloads in the Spacehab module that must be removed, refurbished, and reinstalled.
Reference the Spacehab CIP (NSTS 21426) for specific payloads which require refurbishment or
replacement following two consecutive launch attempts.

C.

FREESTAR HAS NO LAUNCH SCRUB TURNAROUND REQUI REMENTS.
®DN18 ]
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ASCENT/ ENTRY/ POST- LANDI NG

107 _2A-11 RESERVED epDN19 ]

107_2A-12 SUBSONI C PI LOT FLI GHT CONTROL

AT THE DI SCRETI ON OF THE COMVANDER (CDR), THE PILOT (PLT) MAY FLY
CONTROL STI CK STEERI NG (CSS) FROM THE BEGQ NNI NG OF SUBSONI C
FLIGHT WTH THE FOLLOW NG CONSTRAI NTS: @[cr5478 ]

A. THE CDR WLL FLY THE ORBI TER FROM 10 SECONDS PRI OR TO HAC
| NTERCEPT THROUGH THE | NI TI AL ROLL ONTO THE HAC.
B. THE CDR WLL FLY FROM A HAC TURN ANGLE OF 90 DEGREES THROUGH
LANDI NG ROLLQUT.
C. VWHEN CSS | S ENGAGED, ONBOARD GUI DANCE COVWANDS W LL BE
FOLLOVED.
D. THE CDR WLL FLY (NO TRANSFER OF CONTROL) FOR THE FOLLOW NG
CASES:
1. | F THE MCC RECOWENDS “DELAYED CSS PREFERRED’ PER RULE
{A4- 156}, HAC SELECTI ON CRI TERI A @[ED ]
2. SYSTEMS OR NAVI GATI ON PROBLEMS THAT REQUI RE CSS, PER
RULES {A2- 261}, ENTRY DTQ AUTO MODE/ CROSSW ND DTO NO GO,
AND { Ad- 208}, ENTRY TAKEOVER RULES e[ED ]
3. VEH CLE ENERGY PROBLEMS REQUI RING A GROUND CONTROLLED
APPROACH ( GCA)
4., RTLS/ TAL/ ECAL/ ELS ABORTS
5. BFS ENGAGED
6. ANY GU DANCE, NAVI GATI ON, OR FLI GHT CONTROL SYSTEM S)
FAILURE (E. G, CDR HUD) THAT | NCREASES THE PROBABI LI TY OF
A TRAJECTORY TRANSI ENT RESULTI NG FROM THE TRANSFER COF
CONTROL (MCC CALL). LGOSS OF A SINGE STRI NG OF
REDUNDANCY | N ANY SYSTEM (E. G, ONE AA, ONE FCS CHANNEL,
ONE RHC CHANNEL, ETC.), WTH NO OTHER FAI LURES, |S NOT
CAUSE FOR PRECLUDI NG TRANSFER OF CONTROL. @[cr5478 ]
THI'S RULE CONTI NUED ON NEXT PAGE
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107_2A-12 SUBSONI C PI LOT FLI GHT CONTRCL _ ( CONTI NUED)

7. | F THE MCC RECOWENDS NO- GO FOR PLT FLYI NG BASED ON HAC
DYNAM CS (E. G, TAIL WNDS > 80 KNOTS AT HAC | NTERCEPT)
®[CR5478 |

E. THE PLT IS THE BACKUP TO THE CDR FOR ANY FLI GHT PHASES
REQUI RI NG CSS CONTROL. | F REQUI RED FOR VEH CLE SAFETY, THE
CDR MAY TRANSFER CONTROL TO THE PLT AT ANY TI ME.

Allowing the PLT to fly for a short period of time during entry enhances training and better prepares the
pilot for future orbiter flying tasks. Theintent of thisruleisto allowthe PLT to fly for approximately 20
seconds during a single period, either prior to HAC intercept or once established on the HAC prior to
the 90. During a normal entry, thereis sufficient time following the end of the transonic buffet to allow
the PLT to control the orbiter and still allow the CDR sufficient time to complete the more critical
maneuvers such as the initial roll onto the HAC and lining up on final. When CSSis engaged, onboard
guidance will be followed, and no inputs will be made other than those required to fly to the glideslope
and course centerline, or otherwise ensure a safe landing.

There are some casesin which it is not prudent to allow the PLT to have this training time, however. |If
the 6 degree of freedom entry simulation as explained in Rule {A4-156}, HAC SELECTION CRITERIA,
indicates that delaying CSSuntil a HAC turn angle of 180 degreesis preferred, the CDR should fly from
CSSinitiation through rollout. For these HAC cases, energy stops diverging at the 180 degree point and
beginsto slomy recover. Handing control of the vehicle between the CDR and PLT in thistimeframeis
not prudent, since the vehicle energy is already lower than typical and the time to correct any energy
problemsisdiminished. Likewise, a vehicle problem as outlined in Rules {A2-261}, ENTRY DTO/AUTO
MODE/CROSSWIND DTO GO/NO-GO, or {A4-208}, ENTRY TAKEOVER RULES requires significant
concentration on the flying task, and a handover of control isinappropriate. Systems failures that would
invoke thisrule are two AA failures, no or single air data, no yaw jet flight control mode, or a navigation
system anomaly that affects the vehicle energy state (GCA). In the event of an abort, flight control
handovers between CDR and PLT should be avoided due to the increased risk inherently associated with
the abort, and to eliminate the possibility of introducing any handover dispersions to an already
challenging abort landing. The transfer of control is assumed to have an insignificant impact on the
vehicle trajectory and energy state, although arguably that impact is non-zero. That is, in most cases it
isnearly impossible to transfer vehicle control without introducing some very small transient, which for
the nominal caseis acceptable. However, the transfer of control is not warranted for any guidance,
navigation, or flight control system(s) problem(s) that could cause a transfer of control to result in more
than an insignificant impact on the trajectory. Additionally, for certain HAC dynamics (e.g., high tail
winds at HAC intercept), the flying task requires more setup time prior to HAC intercept, and more time-
critical inputs before, during, and after HAC intercept. In these cases, vehicle energy state can beless
forgiving for delayed piloting response (at HAC intercept, and for thefirst 180 deg of HAC), and
transfer of vehicle control is not warranted. ®[ED ]

Flight crews are trained preflight to transfer control positively and verbally in a CRM environment. Any
time that a situation occurs that detracts from the CDR's abhility to fly the vehicle, it is acceptable for the
CDRto hand control of the vehicle over to the PLT, regardless of the constraints imposed by thisrule.
®[CR5478 ]
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107_2A-13 TAL/ ACA OPS 3 TRANSI Tl ON

|F A GPC FAILS WH LE COWANDI NG RCS JETS TO FI RE, THE AFFECTED
STRING WLL ElI THER BE NOT ASSI GNED DURI NG THE TAL/ ACA OPS 3
TRANSI TI ON OR THE AFFECTED MDM S W LL BE PONER- CYCLED PRI OR TO
THE TAL/ ACA OPS 3 TRANSI TI ON. @®[CR5526 |

Flight Software DR 110886 documents conditions that can cause uncommanded RCSjet firingsin OPS 3
if a GPC fails while commanding RCSjetsto firein OPS1. To avoid this condition, the affected string
will not be assigned to the TAL/AOA OPS 3 transition. If the string is to be assigned to the OPS 3
transition, a power-cycle of the affected MDM isfirst required to clear the jet commands. ®[cr5526 ]
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107_2A- 14

LOSS OF ET LOX LI QUI D LEVEL CONTROL SENSORS

I N THE PRELAUNCH TI MEFRAME: @[CR5575A ]

A, FOR THE LCSS OF THE FI RST 100 PERCENT ET LOX LI QUI D LEVEL
CONTROL SENSCR, NO MCC ACTION | S REQUI RED, REGARDLESS OF VWHEN
THE FI RST SENSCR FAl LS.

B. LOSS OF A SECOND 100 PERCENT ET LOX LI QUI D LEVEL CONTROL
SENSOR WLL RESULT | N THE TRANSFER OF ET LOX LOADI NG CONTROL
TO THE 100. 15 PERCENT SENSCR

1.

FOR CONTROL TRANSFER TO 100. 15 PERCENT SENSOR PRI OR TO
L-25 M NUTES:

a.

ARD AND LAUNCH W NDOW DATA W LL BE BASED ON A 100. 15
PERCENT LOX LQADI NG ESTI MATE (W TH ADJUSTMENT FOR
ADDI TI ONAL DRAI NBACK TI ME, AS APPLI CABLE) .

| E STABLE REPLENI SH USI NG THE 100. 15 PERCENT SENSOR
| S REACHED PRI OR TO L-1:20 HOURS, THE LOX LOADI NG
ESTI MATE W LL BE GENERATED USI NG PLOAD.  OTHERW SE,
“NO PLOAD’ LOADI NG ESTI MATES W LL BE USED ( PER RULE
{A2-7C}, DAY- OF- LAUNCH ET LOAD DATA) DUE TO MCC
OPERATI ONAL PROCESSI NG TI MELI NE CONSTRAI NTS.

ADDI TI ONAL DRAI NBACK TI ME SHALL BE I NSERTED | NTO THE
TI MELI NE AFTER THE START OF DRAI NBACK AS SPECI FI ED BY
THE DOLI LU OPERATI ONS SUPPCORT PLAN. FD W LL

COORDI NATE THE | NSERTI ON OF THE ADDI TI ONAL DRAI NBACK
TIME, | F ANY, WTH NTD.

2. FOR CONTRCOL TRANSFER TO 100.15 PERCENT SENSOR AFTER L-25
M NUTES:
a. ARD CALCULATI ONS W LL NOT BE UPDATED.
b. ADDI TI ONAL DRAI NBACK TI ME W LL NOT BE | NSERTED | NTO
THE TI MELI NE.
c. MCC WLL BE NO GO FOR LAUNCH UNTIL THE PSI G
REPRESENTATI VE | N THE MER VALI DATES THAT THE MEASURED
ULLAGE PRESSURE DCES NOT EXCEED 0. 255 PSI ABOVE THE
TDDP NOM NAL LQAD ULLAGE PRESSURE OF 0.781 PSIG e[ cr
5575A ]
TH'S RULE CONTI NUED ON NEXT PAGE
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107_2A- 14 LOSS OF ET LOX LI QUI D LEVEL CONTROL SENSORS
( CONTI NUED)

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using a 100 percent sensor which subsequently fails will remain valid after a switch to the second 100
percent ET LOX liquid level control sensor. Therefore, switching liquid level control from one 100
percent sensor to the second 100 percent sensor does not invalidate the original PLOAD loading
estimate. ®[CR5575A |

The ET project has determined that the PLOAD LOX loading estimate based on liquid level control
using either 100 percent sensor is not accurate in the event of a later failure of both 100 percent LOX
liquid level control sensors and subsequent fill to the 100.15 percent sensor per LCC ET-10. The ET
Project has requested DOSSto rerun PLOAD or revert to 100.15 percent MPS inventory loading
estimates. A rerun and QA of PLOAD loading updates, nominal mission performance margin, and
launch window impacts requires approximately 40 minutes. KSC Ground Operations is unable to accept
launch window updates after L-39 minutes. However, FDO and ARD support should reflect the best
possible estimate of the true LOX loading. Therefore, these el ements will reconfigure to reflect LOX
loading to the 100.15 percent MPSinventory values, if the failover occurs after the latest time to rerun
PLOAD (about L-1:20 hour) and prior to L-25 minutes, regardless of whether or not the KSC launch
window is updated.

For any level sensor failure after L-25 minutes, no action is required by the MCC. A late sensor failure
(either thefirst or the second) may result in an underload of approximately 1,100 pounds of LOX, which
still meets LCC ET-10 launch requirements. This equates to approximately 15 fps of ascent performance
margin. STS107 Ascent Performance Margin is sufficient to ensure a guided nominal MECO for a
launch in this condition. However, a launch with an underload of this magnitude will result in TAL and
ATO abort boundary calls being made approximately 15 fps early. The program accepts thisrisk due to
its low probability of occurrence.

In the event of a failure of both 100 percent sensors and failover to a fill to the 100.15 percent sensor
failure, no additional drainback time will be added to the countdown. The requirement for the additional
drainback to the 100 percent level has been waived through a mission-specific analysis.

Late failover to a LOX tank fill controlled by the 100.15 percent (after failure of both 100 percent level
sensors) will require verification that the LOX loading is consistent with MPS inventory loading
estimates. The MPSinventory is protected if the ullage pressureis less than 1.036 psi. Ullage pressure
above this limit indicates an underload of a magnitude beyond that covered in the FPR. The value of
1.036 psi is derived by adding the ullage pressure used in deriving the inventory (.781 psi) to a tolerance
that is protected by FPR (.255 psi). ®[CR5575A ]
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107_2A-15 TAL RAI NSHONER EXCEPTI ONS

FOR TAL, RAI N SHONERS ( EXCLUDI NG THUNDERSTORMS) WTHIN THE LIM TS
LI STED I N RULE {A2-6}, LANDI NG SI TE WEATHER CRI TERI A [ HC],
PARAGRAPH C, MAY BE ACCEPTABLE | F CONTI NUOUS RADAR AND Al RCRAFT
SURVEI LLANCE | NDI CATES ALL OF THE FOLLOWM NG CONDI TI ONS ARE MET.

®[CR 5898

1.

COVERAGE: SHOWERS COVER LESS THAN 10 PERCENT OF THE AREA
WTH N 20 NM OF THE TAL RUNVAY.

MOVEMENT/ DEVELOPMENT:  OBSERVED HORI ZONTAL MOVEMENT | S
CONSI STENT AND NO ADDI TI ONAL CONVECTI VE DEVELOPMENT | S
FORECAST.

LI GHTNI NG POTENTI AL:  TOPS OF CLOUDS CONTAI NI NG

PRECI PI TATI ON DO NOT' EXCEED THE +5 DEG C LEVEL AND HAVE
NOT' EXCEEDED THE -10 DEG C LEVEL WTHI N 2.5 HOURS PRI OR
TO LAUNCH.

| NTENSI TY: PRECI PI TATION IS LI GHT (LESS THAN 30 DBZ) AT
ALL LEVELS W THI N AND BELOW THE CLQOUD.

FOR ANY SHONER WTHI N 20 M LES OF THE TAL RUNVAY, |F THE
SHONER EXCEEDS PARAGRAPHS 3 OR 4, THEN A 2-NM VERTI CAL
CLEARANCE FROM THE TOP OF THAT SHOAER AND A 10- NM LATERAL
CLEARANCE MUST BE MAI NTAI NED ALONG THE APPRQOACH

CORRI DORS.

RUNWAY MEETS THE LANDI NG AND ROLLOUT CRI TERI A AND NAVAI D
REQUI REMENTS SPECI FI ED | N RULE {A2-1}, PRELAUNCH GO NO- GO
REQUI REMENTS.

THERE | S A H GH LEVEL OF CONFI DENCE THAT AT LEAST ONE
APPROACH ( OVERHEAD OR STRAI GHT-IN) WLL BE ACCEPTABLE AT
TAL LANDI NG TIME. TREND MONI TORI NG UTI LI ZI NG RADAR AND
Al RCRAFT SURVEI LLANCE SHOULD | NDI CATE THAT A STABLE AND
PREDI CTABLE ENVI RONMENT EXI STS. e[cr5898 ]
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DUE TO THE RELATI VELY RECENT ACQUI SI TI ON OF SPANI SH RADAR
DATA, A LACK OF EXPERI ENCE EXI STS ASSESSI NG SPANI SH RADAR
DATA. ADDI TI ONALLY, TH S DATA HAS LONER FREQUENCY AND
POTENTI ALLY LESS RELI ABI LI TY OF RECElI PT THAN CONUS RADAR
DATA. BASED ON THESE FACTORS, LAUNCH DAY CONDI Tl ONS
COULD BE SUCH THAT SUFFI Cl ENT CONFI DENCE DOES NOT EXI ST
TO EXERCI SE THI S RULE. THE ASCENT FLI GHT DI RECTOR W LL
DETERM NE |F TH S RULE CAN BE SAFELY APPLI ED ON LAUNCH
DAY. ®[CR5898 ]

TAL PRECIPITATION LIMITS

The TAL shower exception specifies conditions under which launch is acceptable when showers are
within the area of the TAL runway on launch day. SMG originally devel oped the conditions specified in
this rule to meet orbiter design requirements for RTLS The availability of Spanish radar data makes it
possible to give consideration to these same type exceptions for TAL runways in Spain. Smilar to RTLS
the short forecast interval for TAL and availability of radar and weather aircraft may allow improved
estimation of rain shower movement and characterization of the cloud type. Additional launch
probability is gained by éiminating the avoidance criteria for showers that do not pose a threat due to
lightning, hail, visibility, aerodynamic control, or MLS attenuation. Tile damage that occurs if
precipitation is encountered is acceptable. Radial, lateral, and vertical avoidance criteria still apply for
any storm that poses a threat to the orbiter.

Cloud Top Temperatures and Lightning Avoidance - Clouds that exceed the conditions stated in
paragraphs 3 and 4 above pose a threat of hail or lightning (natural and triggered). Cloudswith < 30
DBZ and tops below the +5 deg C thermal layer do not pose a threat of stored electrical charge. Clouds
that have previously extended above the -10 deg C thermal layer must be avoided for 2.5 hoursto allow
any accumulated charge to dissipate. A 2-nm vertical clearance and a 10-nm lateral clearance must be
maintained along the approach paths of the overhead and straight-in HAC' s for shower s exceeding these
limits. The Lightning Avoidance Criteria Peer Review Committee reviewed and concurred with these
criteria at their KSC meeting in February 1994.

If the orbiter encounters ice, window damage may occur resulting in reduced visibility (depending on ice
population, mass, density, and relative velocity) and RCC coating damage may occur forcing RCC panel
replacement. Clouds with tops below the +5 deg C thermal layer are warm enough to assure they do not
contain hail. ®[cr5898 ]
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Light Precipitation - Testing of TPStiles flown through moderate rainfall (35 to 40 dbz) indicates that
significant tile damage will occur if the orbiter encounters ice-free precipitation at velocities below Mach
1 and above touchdown speed. The extent of damage depends on drop size and the angle of incidence
between a drop and a tile. Conservative estimates of effects on approach and landing characteristics
assuming a wor st-case estimate of approximately 2000 damaged tiles (nose and canopy/windshield
areas, vertical tail and OMS pod leading edges) show no significant effect on landing performance. A
retrimto a slightly higher angle of attack would be the primary noticeable response to flight through
rain during landing approach. No structure or control system damage would occur. Testing indicates
that damage to RCC does not occur when flown through light rain at speeds below 0.7 Mach. RCC
damage is not desirable due to replacement cost and lead time. RCC damage caused by precipitation
impact would not affect aerodynamic performance. ®[Cr5898 |

Tile damage could result in a loss of up to 1000 ft of touchdown distance. Typical touchdown distances
carry adequate margin to protect this type of energy loss. A dispersed entry that is flown through a
shower on a day that predicted touchdown conditions are at the limits specified in Rule {A4-110},
AIMPOINT, EVALUATION VELOCITY, AND SHORT FIELD SELECTION, could result in a vehicle
touchdown on the underrun. Consideration should be given to not launching on a low energy day where
the capability to avoid showersislow. Otherwise, adequate margin exists within the system to support
loss of touchdown energy due to tile damage.

Water attenuates microwave signals at ML S frequencies; however, MLS performanceis not severely
affected. Analysis of MLSIink performance with a transmitter power output of 1600 W (the minimum
acceptable transmitter power output level) shows that MLS acquires at over 9 nm slant range when a
rainfall rate of 10 mnvhr (0.4 in/hr) exists along the entire path between the orbiter and the ground MLS
station. Since“ light” rainfall isless than 0.4 in/hr, nominal MLS acquisition is protected.

Ceiling and visibility criteria specified in paragraph A of Rule {A2-6}, LANDING STE WEATHER
CRITERIA [HC], till apply and protect for adequate crew visibility of the PAPI’s, aimpoint, and ball
bar through clouds and precipitation. WX RECON has primary responsibility for assessing visibility
through light precipitation from any showers of concern that do not fall within the field of view used by
meteorological observersto evaluate visibility. Ground observers are limited to evaluations using fixed
landmarks.

Area Coverage/Multiple HAC's - While it is acceptable to encounter showers that meet the criteria
specified in thisrule, it is still more desirableto avoid them if possible. Limiting the number of showers
in the vicinity of the TAL runway minimizes the chances of encountering a shower. If morethan 10
percent coverage exists or is forecast but both approaches are clear and will remain clear of showers,
the intent of this constraint has been met. ®[Cr5898 ]
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Movement and Convective Development - Consistent horizontal motion that islinear or near linear and
can be tracked isrequired to accurately forecast future movement. Conditions must be
thermodynamically stable. Observed and forecast conditions are the same and expected to remain
unchanged throughout the TAL period. e[cR5898 |

Paragraph 6 defines the clearance requirements of showerswith lightning potential (tops greater than
+5 deg C or returns greater than 30 dbz) which have not demonstrated air to ground lightning
strikes. The clearance requirements for lightning potential are the same as those of actual
thunderstorms. ®[CR5898 ]
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ORBI' T

PRI ORI TI ES AND M SSI ON DURATI ON

107_2A-21 H G4 PRIORI TY FLI GAT OBJECTI VES/ M NI MUM DURATI ON
FLI GHT

A. M N MUM DURATI ON FLI GHT (MDF) WLL LAST APPROXI MATELY
72 HOURS W TH LANDI NG ON THE MORNI NG OF FD4 PER RULE
{A2-102}, M SSI ON DURATI ON REQUI REMENTS. eEp |

The MDF has a nominal minimum length of approximately 72 hours. The term * approximately

72 hours’ isused to allow for utilization of primary landing site (PLS) and secondary landing site
(SLS) landing opportunities which occur during a given flight day. The minimum duration is set at the
number of days normally required to ensure a good probability of having a healthy crew for entry and
landing and to provide the opportunity to accomplish activities that could enhance orbiter entry/landing
conditions. The payload/experiments must be considered secondary to vehicle/crew safety and are not
sufficient grounds for mission continuation. FD4 landing is the standard MDF duration. The MDF
timeline must allow for Flight Control System (FCS) C/O, RCShot fire, and cabin stow.

B. EXPERI MENT OPERATI ONS MAY CONTI NUE UP TO THE NOM NAL
DEACTI VATI ON TI ME DEFI NED | N THE ENTRY DAY Tl MELI NE ON A
NONI NTERFERENCE BASI S W TH ORBI TER OPERATI ONS | N PREPARI NG
FOR DEORBI T AND ENTRY.

Nominal experiment deactivation will be scheduled to preserve sufficient time for orbiter preparation for
deorbit and entry. Experiments may be performed before and up to this time on a noninterference basis.
Spacehab middeck experiments are considered part of Spacehab and would be deactivated at the same
time the modul e is deactivated.

C. |IF ONORBIT OPERATI ONAL CONFLI CTS EXI ST WTH N THE STRUCTURE
OF AN MDF, THE CONFLI CTS W LL BE RESOLVED ACCORDI NG TO THE
PRI ORI TI ES DEFI NED I N RULE {107_2A-22}, ON-ORBI T GENERAL
PRI ORI TI ES. SECONDARY FLI GHT OBJECTI VES MAY BE ACCOVPLI SHED
WTH N THE STRUCTURE OF AN MDF AS LONG AS THEY DO NOT
| NTERFERE W TH OR JECPARDI ZE THE H GH PRI ORI TY FLI GHT
OBJECTI VES.
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| F ON-ORBI T OPERATI ONAL CONFLI CTS EXI ST, THE CONFLI CTS WLL BE
RESCLVED ACCORDI NG TO THE FOLLOW NG PRICRI TI ZATION. PRIORITY

W LL BE G VEN TO SATI SFYI NG M Nl MUM REQUI REMENTS FOR ALL
PAYLQADS, AS DEFINED I N RULES {107_19A-1}, SPACEHAB M NI MUM

M SSI ON OBJECTI VES, AND {107_20A-1}, FREESTAR M NI MUM M SSI ON
OBJECTI VES, OVER H GHLY DESI RED REQUI REMENTS FOR H GHER PRI ORI TY
PAYLQADS. @pDN20 ]

A, CREW SAFETY

B. SPACEHAB COMMERCI AL SPONSORED PAYLOADS

1.

2
3
4.
5
6

~

10.

ADVANCED RESP| RATORY MONI TORI NG SYSTEM ( ARMB)

CLOSED EQUI LI BRATED Bl OLOG CAL AQUATI C SYSTEM ( CEBAS)

M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MSTRS)
COVMERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROWTH ( CMPCQ)
COVBI NED 2 PHASE LOOP EXPERI MENT ( COVRPLEX)

SPACE TECHNOLOGY AND RESEARCH STUDENTS BOOTES ( STARS
BOOTES)

STAR NAVI GATI ON ( STARNAV)
OSTEOPOROSI S EXPERI MENT | N ORBI T ( OSTEO)

EUROPEAN RESEARCH | N SPACE AND TERRESTRI AL OSTEOPORCSI S
(ERI STO

PHYSI OLOGY AND Bl OCHEM STRY 4 ( PHAB4)

a. ENHANCED ORBI TER REFRI GERATOR/ FREEZER ( ECR/ F)
b. THERMCELECTRI C HOLDI NG MODULE ( TEHM

c. CENTRI FUGE e@pN20 ]
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C. ESA/ NASA SPONSORED PAYLOADS
1. Bl OPACK
2. FACILITY FOR ADSORPTI ON AND SURFACE TENSI ON ( FAST)
3. ADVANCE PROTEI N CRYSTALLI ZATI ON FACI LI TY ( APCF)
4. Bl OBOX
D. NASA/ | SS SPONSORED PAYLOADS
VAPOR COVPRESSI ON DI STI LLATI ON ( VCD)
E. NASA/ CODE U SPONSORED PAYLOADS
1. COVBUSTI ON MODULE-2 (CM 2)
a. LAM NAR SOOT PROCESS (LSP)

b. STRUCTURE OF FLAME BALLS AT LOW LEW S- NUMBER
( SOFBALL)

c. WATER M ST

d. SPACE ACCELERATI ON MEASUREMENT SYSTEM FREE FLYER
(SAMB FF)

e. ORBI TAL ACCELERATI ON RESEARCH EQUI PMENT ( QARE)
®DN20 ]

MECHANI CS OF GRANULAR NMATERI ALS ( MGV

Bl OREACTOR DEMONSTRATI ON SYSTEM 05 ( BDS- 05)

M CROBI AL PHYSI OLOG CAL FLI GHT EXPERI MENT ( MPFE)
SLEEP- 3

o o~ 0w BN

ASTROCULTURE PLANT GROMH CHAMBER (AST-10/1)

THI'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-16
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-22 ON- ORBI T GENERAL PRI ORI TI ES ( CONTI NUED)

7. ASTROCULTURE GLOVEBOX (AST-10/2)

8. COMWVERCI AL PROTEI N CRYSTAL GROMH - PROTEI N
CRYSTALLI ZATI ON FACI LI TY ( CPCG PCF)

9. COWERCI AL | TA Bl OVEDI CAL EXPERI MENT (Cl BX) @pDN20 ]
10. ZEOLI TE CRYSTAL GROMH 1 (ZCG 1)

11. FUNDAVENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH- 2
( FRESH- 2)

12. CRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS ( Bl OTUBE/ MFA)
13. BI OLOG CAL RESEARCH I N CANI STERS (BRI O
F. FREESTAR PAYLQADS
1. MEDI TERRANEAN | SRAELI DUST EXPERI MENT ( MEI DEX)
2.  SOLAR CONSTANT EXPERI MENT-3 ( SOLCON- 3)
3. SHUTTLE QZONE LI MB SOUNDI NG EXPERI MENT- 02 ( SCLSE-02)
4. CRITICAL VISCOSITY OF XENON-2 (CVX-2)
5 LOW POAER TRANSCEI VER ( LPT)
6. SPACE EXPERI MENT MODULE ( SEM
G DTO 700-14 MAGR GPS @[CR5895A ]

The TEHM is used by both the PHAB4 and VCD experiments, but is listed under the highest priority
payload it supports. Detailed Supplementary Objectives (DSO’'s) manifested for this flight have no real-
time requirements (i.e., only pre and post-flight requirements) and are, therefore, not listed in thisrule.
RAMBO has no real-time requirements except for state vectors. ®[CR5622 ] ®[CR5633 ]

DOCUMENTATION: STS107 FRD (NSTS 17462-107), PRD for Spacehab Commercial Payloads

(NSTS 21464), PRD for ESA Payloads (NSTS 21459), PRD for Code U Payloads (NSTS 21463).
®DN20 ]
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107 _2A- 23 ON- ORBI T PROPELLANT PRI ORI Tl ES
PROPELLANT PRI ORI TI ES FOR CONSUMABLES LI M TED SI TUATI ONS, HI GHEST
PRI ORI TI ES FI RST ARE:
TABLE 107_2A-23-1 - PROPELLANT PRI ORI TI ES
PRIORITY FLIGHT ACTIVITY NOTES
1 NOMINAL OMS/RCS REDLINES (PROTECTS 1-1 REF RULE {A2-108}, CONSUMABLES MANAGEMENT
DEORBIT OPPORTUNITIES
MINIMUM DURATION FLIGHT
WEATHER WAVEOFF EXTENSION DAY (PROTECTS | THE WEATHER WAVEOFF EXTENSION DAY IS
2-1-1 DEORBIT OPPORTUNITIES) LOWER PRIORITY THAN THE MINIMUM ALTITUDE
REQUIRED FOR PRIMARY PAYLOAD ACTIVITIES.
REF RULE {A2-108C}, CONSUMABLES
MANAGEMENT.
4 NOMINAL MISSION DURATION EXTEND MISSION DURATION IN FLIGHT DAY
INCREMENTS PAST MDF, UP TO NOMINAL.
ADDITIONAL DAYS WILL INCLUDE NOMINALLY
PLANNED ACTIVITIES (ATTITUDE MANEUVERS,
ATTITUDE HOLD, ETC.). REF RULE {A2-108},
CONSUMABLES MANAGEMENT.
5 PROVIDE ADDITIONAL DEORBIT ATTEMPTS UP TO | PROVIDING 2-2-2 (TWO ATTEMPTS ON THREE
2-2-2 CONSECUTIVE DAYS) REQUIRES AN ADDITIONAL
TWO REVS OF WAVEOFF ABOVE 2-1-1
CAPABILITY.
6 RAISE AND/OR CIRCULARIZE ORBIT AS HIGH AS ALL PROPELLANT MARGIN ABOVE FULL MISSION
POSSIBLE UP TO NOMINAL ALTITUDE DURATION AND ACTIVITIES WILL BE ALLOCATED
TO RAISING THE ORBIT AND/OR CIRCULARIZING
THE ORBIT AS HIGH AS POSSIBLE UP TO THE
NOMINAL MISSION ALTITUDE OF 150 NM.
ET PHOTOGRAPHY MANEUVERS THE SSP STRONGLY DESIRES ET PHOTOGRAPHY.
OMS ENGINE FAIL REF RULES {A6-303}, OMS REDLINES [CIL];
{A6-304}, FORWARD RCS REDLINES; AND
{A6-305}, AFT RCS REDLINES. OMS ENGINE FAIL
PROTECTION FOR THE DEORBIT WAVEOFF
EXTENSION DAY MAY BE DELETED IN FAVOR OF
HIGH PRIORITY FLIGHT OBJECTIVES.
9 ADJUST ORBIT FOR ADDITIONAL LANDING PROPELLANT BEYOND WHAT IS REQUIRED FOR
OPPORTUNITIES PRIMARY MISSION OBJECTIVES MAY BE USED TO
PERFORM ORBIT ADJUST BURNS TO GAIN
ADDITIONAL LANDING OPPORTUNITIES.
| ®DN11 ] ®[CR5519 ] ®[ED ] ®[CR5895A |
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THE PRIORI TIES FOR O, Hp, AND Np CONSUMABLE LI M TED S| TUATI ONS,
H GHEST FI RST, ARE:

A.  CONTI NGENCY RESERVES, MEASUREMENT ERROR, ETC., FROM THE
APPROPRI ATE SHUTTLE REDLI NE RULES | N VOLUME A

Reference Rule {A9-257}, PRSD H2 AND O2 REDLINE DETERMINATION. Theseredlinesinclude a 2-
1-1 shuttle deorbit opportunity plus minimum power level requirements for a safe landing and other
contingency reserves. Consumables for one contingency EVA for payload bay door closure would come
out of these redlines and is not implicitly bookkept as a separate lineitem. ®[ED ]

B. M N MUM DURATI ON FLI GHT

Minimum duration flight has a nominal length of approximately 72 hours, including on-orbit time,
ascent, post-insertion, deorbit prep, and entry.

C. NOM NAL M SSI ON DURATI ON AND PLANNED ACTI VI TI ES

Nominal mission duration of 16 days. Planned mission activities for STS-107 include consumables for
3.5 hours of post-landing power. Planned mission activities are documented in the Flight Plan (JSC-
48000-107) and FRD (NSTS 17462-107). The post-landing power reguirements are documented in the
Soacehab Flight Planning Annex 2, Part 1 (NSTS21426). ®DNgo ]

D. ADD TI ONAL SHUTTLE DEORBI T OPPORTUNI TI ES TO 2-2- 2.

This requires approximately 4.5 Ibm H2 and 27.5 Ibm Oo.
E. ADD TI ONAL DTV USE ABOVE THE M NI MUM MElI DEX REQUI REMENTS.

5.66 kwWh of cryo have been budgeted for DTV operation in support of MEIDEX video requirements.
Additional use of the DTV system may be possible if cryo margins and priorities allow. Worst case
power levels for DTV operations are 39 W for recording (DTV multiplexer not powered) and 73 W
for playback. Procedural treatment of DTV leaves the equipment deactivated except during periods
of frequent use. DTV will nominally operate 15 days in support of MEIDEX with worst case 5-7

hours/day powered to support recording and another 1-2 hours/day to support video playback.
®DN8 ] ®CR5538 |
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F. ADDI TI ONAL OPERATI ON OF OQARE BEYOND I TS M NIl MUM SUPPORT
REQUI REMENTS FOR CM 2 SOFBALL. @[crs5538 ]

OARE draws 120 W average power. 15.61 kWh of cryo have been budgeted for OARE required
operations which include power for ascent, a 24 hour period prior to CM-2 SOFBALL operations, and
during CM-2 SOFBALL operations. The Payload Recorder draws 17 W in standby, 56 W in record, and
84 W in playback. 6.7 kwh have been allotted for required recording of OARE data by the Payload
Recorder and its associated playback which include a 4 hour period during the 24 hour period prior to
CM-2 SOFBALL and from 30 minutes prior to until 30 minutes after each CM-2 SOFBALL microgravity
period. SOFBALL operates for approximately 5 days and includes 15 microgravity periods ranging
from 1.5 - 4 hoursin duration. Additional highly desired operation of OARE includes the first 24 hours
of the mission and during CM-2 WATER MS T operations (approximately 2.52 kwh and 8.16 kwWh
additional, respectively). OARE highly desires recording and playback of all OARE data by the Payl oad
Recorder. Power requirements for additional Payload Recorder operation will need to be calculated in
real time. ®[CR5538 ]
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A, GENERAL

1.

PAYLOAD OBJECTI VES THAT ARE NOT COVPLETED AS PLANNED DUE
TO A PROBLEM W TH THE PAYLOAD (E. G, HARDWARE, SCOFTWARE,
| NSUFFI CI ENT TI ME ESTI MATES, ETC.) WLL BE REPLANNED

W TH N THAT PAYLOAD S RESOURCE ALLOCATI ON. THI S | NCLUDES
ANY TROUBLESHOOTI NG, | N- FLI GHT MAI NTENANCE (1 FM
PROCEDURES, REPEAT OF LOST RUNS, ETC. |F THE PAYLOAD S
M NI MUM REQUI REMENTS CANNOT BE MET WTHIN I TS OMN
ALLOCATI ON, THE SPACEHAB PROCGRAM MANAGER OR HI TCHHI KER
OPERATI ONS MANAGER FOR FREESTAR MAY ELECT TO | MPACT
EXPERI MENTS W TH N THEI R PAYLOAD COVPLEMENT TO RECOVER
LCST OBJECTI VES FOR A H GHER PRI ORI TY PAYLQAD.

PAYLOAD OPERATI ONS I N PROGRESS THAT ARE RUNNI NG LONGER
THAN EXPECTED AND ARE DI FFI CULT TO RESCHEDULE (E. G,

ATTI TUDE TI MELI NE DEPENDENT, KU- COVERAGE, TI ME-CRI TI CAL
SCl ENCE EVENT, ETC.) MAY BE ALLOAED TO COWPLETE AS LONG
AS OTHER PAYLOAD ACTI VI TI ES | MPACTED BY THE DELAY CAN BE
DELAYED OR RESCHEDULED.

| F AN ORBI TER ANOMALY, ACTIVITY, OR OTHER EVENT RESULTS
IN THE LGSS OF OBJECTI VES FOR MULTI PLE PAYLQADS, M SSED
OBJECTI VES W LL BE RESCHEDULED | F REQUESTED BY THE
CUSTOVER. RESCHEDULI NG CF M SSED OBJECTI VES W LL

M N M ZE CHANGES TO ORI A NALLY PLANNED ACTI VI Tl ES.

CONFLI CTS WLL BE RESOLVED BASED ON THE PRI ORI Tl ES

| DENTI FI ED I N RULE {107_2A-22}, ON ORBI T GENERAL
PRIORITIES, TO ATTEMPT TO MEET THE M NI MUM REQUI REMENTS
FOR ALL PAYLQADS. LONER PRICRITY ACTIVITIES MAY BE
SCHEDULED AT AN EARLI ER TI ME THAN H GHER PRI ORI TY
ACTIVITIES | F REQU RED TO OPTIM ZE THE TI MELI NE AND TOTAL
SCl ENCE FOR THE REMAI NI NG M SSI ON DURATI ON AS LONG AS THE
H GHER PRI ORI TY ACTI VI TIES BASED ON CUSTQOVER | NPUT CAN BE
ACCOMMODATED. @pDN21 ] ®CR5872 ]
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Lost payload objectives due to experiment problems or underestimated task durations will be rescheduled
within that payload' s allocation, preferably at the experiment level since the STS-107 timeline has little
flexibility due to attitude requirements/constraints, microgravity constraints, crew availability, etc.
However, if rescheduling within the experiment’s allocation is not possible, SPACEHAB or FREESTAR
may elect to impact other experiments within their payload complement to recover lost objectives for a
higher priority experiment assuming the appropriate resources are available (attitude timeline, Ku-band
coverage, crewtime, etc.). In some cases, if a payload activity is running longer than planned, it may be
allowed to continue to completion if the overall impact to the timeline is less than if the activity were
rescheduled at a later time as long as other payload activities impacted by the delay can be delayed or
rescheduled. If an orbiter anomaly, activity, or other event that affects multiple payloads resultsin
missed objectives, those objectives may be rescheduled based on customer input. In some cases, the
payload customer may elect to forego missed objectives to maintain the originally planned timeline.

Rule {107_2A-22}, ON-ORBIT GENERAL PRIORITIES will be used to resolve conflicts, in an attempt

to meet minimum mission objectives for all payloads before considering highly desirable objectives.
®DN21 ] ®[CR5872 |

B. LOSS OF KU BAND

1. ACTI VATE ALL AVAI LABLE NASA AND Al R FORCE GROUND STATI ONS
WTH S- BAND FM CAPABI LI TY

Nominally, only two NASA ground stations (MILA, FL and Dryden, CA) support the shuttle S-band FM
downlink. The are eight additional ground stations that can be activated in contingency situations: two
NASA (ESTL, Houston, TX and Wallops Island, VA) and six Air Force (COOK, Vandenberg AFB, CA,
REEF, Diego Garcia, British Indian Ocean Territory; HULA, Kaena Point, HI; GUAM, Andersen AFB,
Guam; PIKE, Colorado Tracking Station, Schriever AFB, CO; and LION, RAF Oakhanger, United
Kingdom). Note that only MILA and Dryden are capable of supporting video downlink.

2. MAXIM ZE TDRS-Z SUPPORT

TDRS-Z support eliminates the shuttle TDRS Zone of Exclusion (ZOE). Eliminating the ZOE alleviates
the need for the Operational Recorder to capture data during the ZOE for later S-band FM downlink.

3. AN IFM WLL BE CONSI DERED TO CONNECT THE SPACEHAB PL
D G TAL DATA STREAM TO THE S- BAND FM SYSTEM

The Spacehab Experiment High Rate data stream is nominally routed as the PL Digital input to Ku-band
Channel 2. In the event of a Ku-band failure, an IFM can be performed to reroute this input to be the PL
Digital input to the Sband FM system. A similar IFM was performed for the Alpha Magnetic
Soectrometer (AMS) payload on STS91. ®pDN21 ]
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4., S-BAND FM DOMNLI NK W LL BE PRI ORI TI ZED AMONG THE
FOLLON NG USERS: @epN21 ]

a. OPS RECORDER DUMPS

b. PL DI G TAL — SPACEHAB EXPERI MENT DATA (I F | FM
PERFORVED)

C. ANALGG VI DEO - SPACEHAB EXPERI MENT AND MElI DEX
d. PL RECORDER DUMPS - QARE DATA
5. UPLI NK/ DOMLI NK OF PAYLQAD FI LES WLL BE DI SCONTI NUED

File uplink/downlink is nominally accomplished using OCA and the KFX software application on the
Ku-band system. The backup method for file uplink/downlink is via modem on an A/G channel utilizing
the MFX software application. Snce transfer rates for MFX are in the range of 1.5 kbps, a 1 Mb file
would take over 11 minutes to transfer. In order to minimize the monopolization of one A/G, nominal
MEX utilization will be limited to execute package uplink. Payload file transfers are nominally
planned for MEIDEX, SOLSE, and Astroculture. MEIDEX data is also recorded on the MEIDEX
PGSC and downlinked in FREESTAR' s PDI data stream. Loss of the ability to downlink MEIDEX files
simply eliminates the ability of the ground to verify that the PGSC is cataloging data correctly.

SOLSE data is also recorded on an experiment hard drive and on the SOLSE PGSC. Loss of the
ability to downlink SOLSE files eliminates the ability of the ground to verify that the PGSC is

catal oging data correctly and also prevents the ground from optimizing experiment operations based
on real-time observation. Loss of the ability to downlink Astroculture files impacts the integrity of
ground control group following.

6. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE DEALLOCATED
FROM S- BAND COVERAGE:

a. EOR/ F
b. TEHM
C. MGV

EOR/F and TeHM S-band downlink is strictly housekeeping data and is not science related; MGM data
is used to validate a future operational concept and is of secondary importance to primary science.
®DN21 ]
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7. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE RETI MELI NED
BASED ON PRI ORI TI ZED SHARI NG OF THE SPACEHAB PDI
DOANLI NK:  @pDN21 ]
a. BI OBOX
b. Bl OPACK
c. COWPLEX

d. FAST/VIDEO D @ TI ZER SYSTEM ( VDS)

e. MTRS
f. VCD FE
g CM2

h. STARS- BOOTES

The experiment allocation within Spacehab’s 32 kbps PDI data streamis 25 kbps. Each of the above
experiments can individually fit within that allocation, but not all of them can fit simultaneously.

8. THE FOLLOW NG SPACEHAB EXPERI MENTS DO NOT FIT WTH N THE
SPACEHAB PDI DOMNLI NK, BUT WLL BE ABLE TO SAFELY
CONTI NUE OPERATI ONS AND SCI ENCE GATHERI NG

a. ARVB

b. MDD SAMS
c. BIOIuUBE
d. ZCG

e. ASTROCULTURE
f. BDS-05

The data stream for each of these experiments exceeds the 25 kbps allocation for experiments with the
Spacehab PDI window. They could, however, continue to operate and gather science with significant
replanning. ®DpN21 ]
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9. THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE DI SCONTI NUED:
®DN21 ]

STARNAV

10. ALL NOM NALLY PLANNED FREESTAR OPERATI ONS W LL CONTI NUE.
I N ADDI TI ON, THE FOLLOW NG SPACEHAB EXPERI MENTS W LL BE

UNAFFECTED
a. FRESH
b. Cl BX
c. OSTEO
d. ERISTO
e. MPFE
f. APCF
g. BRIC
h. COWCG
i. CPCG PCF
j. CEBAS
k. SLEEP
|.  PHAB4

FREESTAR experiments can continue to operate with no science loss. All experiment video and/or data
isrecorded on-board. Loss of Ku downlink only diminishes the ability of the FREESTAR POCC to verify
experiment operation and make changes to optimize science. ®pn21 |
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A.  FOR EXTENSI ON DAYS, THE SPACEHAB MODULE, MODULE EXPERI MENTS,
M DDECK EXPERI MENTS, AND FREESTAR W LL NOM NALLY BE POWERED
DOMN TO THE SURVI VAL POAER CONFI GURATI ON DEFI NED | N RULE
{107_9A-3}, SURVI VAL POWER CONFI GURATI ON. epnsi |

B. NO EXPERI MENT ACTI VI TI ES VH CH REQUI RE ORBlI TER CONSUVABLES
OTHER THAN CRYO AS DEFI NED | N PART A. ABOVE WLL NORVALLY BE
PLANNED. SPACEHAB ACTI VATI ON OR | NGRESS | S NOT' REQUI RED FOR
EXTENSI ON DAYS.

C. FOR EXTENSI ON DAYS, THE ATTI TUDE W LL NOM NALLY BE —-ZLV,
- XW.

Extension days would generally be required only for weather, orbiter, and/or landing site problems that
would benefit from extra time before landing. To prevent further complications, the Spacehab/experiments
should be maintained in a safe, ascent/entry configuration. Excursions from-ZLV, -XVV will occur for
water dumps, end-of-mission thermal conditioning, or other orbiter system related reason. No payload
science will be done during extension days. If Spacehab isre-ingressed and if time permits, experiments
status checks will bedone. ®pns1 ]

Reference Rule {A2-330}, EXTENSION DAY GROUNDRULES. ®[ED ]

107_2A- 27 PAYLOAD GO NO- GO CALLS

A.  SPACEHAB
THE SPACEHAB OPERATI ONS DI RECTOR (SHOD) W LL PROVI DE GO NO- GO
CALLS TO THE PAYLQAD OFFI CER FOR THE FOLLOW NG NOM NAL
M SSI ON EVENTS:
1. SPACEHAB SYSTEMs ACTI VATI ON
2. SPACEHAB ENTRY PREP
B. FREESTAR

THE HH OPERATI ONS DI RECTOR W LL PROVI DE GO NO- GO CALLS TO THE
PAYLOAD OFFI CER FOR THE FOLLOW NG NOM NAL M SSI ON EVENTS:

FREESTAR ACTI VATI ON/ DEACTI VATI ON epn22 ]
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107_2A-41 REAL- TI ME SAFETY COORDI NATI ON

SPACEHAB: EXCEPTI ONS TO RULE {A2-312}, REAL-TIME SAFETY
COORDI NATI ON, | NCLUDE: e[ED ]

NONE | DENTI FI ED

107_2A-42 PAYLOAD RAPI D SAFI NG

A, THE FOLLON NG | TEM5S | N THE SPACEHAB ARE CONSI DERED
PENETRATI ON HAZARDS AND MJUST BE CREW TENDED VHI LE
UNSTONED AND SAFED PRI OR TO CLOSI NG THE SPACEHAB HATCH:
®DN23 ] ®[CR5539A ] ®[CR5555A |

1. CM2 WATER M ST PROPANE BOTTLES, QUANTITY TWO, | NSTALLED
IN EM5S OR STONED | N MESS RACK LOCATI ON PFO4 (EMS FOAM I N
PLACE AND STRAPS 8, 10, 12, AND 13 SECURED)

2. CM2 WATER M ST EMs STOWED | N MESS RACK LOCATI ON PF04
W TH STRAPS 12 AND 13 SECURED OR | NSTALLED IN Cw 2
CHAMBER W TH GUN BOLTS ENGAGED

3. BDS-05 BI OREACTOR ENCLOSURE (BE) | NSTALLED IN AC14 W TH
LOCKER DOOR LATCHED CLOSED

SPACEHAB emergency procedures ensure that all penetrators are safed before the module is egressed.
If time permits, a more nominal egresswill be performed. Reference Rule {A2-329}, SPACEHAB
DEACTIVATION/ENTRY PREP. ®[CR5539A ] ®[ED ]

B. COWPLEX, MSTRS, AND STARNAV MUST BE UNPONERED PRI OR TO ENTRY
®[CR5555A ] ®[CR5558 |

COM2PLEX, MSTRS, and STARNAYV are SPACEHAB rooftop mounted payloads that present a potential
ignition source for flammable atmosphere assumed to be present in the PLB during ascent and entry.
These payloads are powered from EXCP2 DC3, EXCP1 DC7, and EXCP2 DC2. Individual power
control of any of these three sources is available at the EXCP in SPACEHAB. These sources can be
unpower ed from outside of SPACEHAB by doing any one of the following: opening PDU relay K2 via
crew MCDS command (SPEC 222 - ITEM 14, DC EXCP 1/2 OFF), turning OFF the PDU EXP DC BUS
switch on panel L12, turning OFF the PL PRI switch on pand R1, or if a Main Power Kill isissued.
Reference: Hazard Reports COM-HR-STD-01; Cause 11, STD-MSTRSF1; Cause 11, and STD-
STARNAV-1; Cause 11, respectively. ®[CR5555A ] ®[CR5558 |
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C. SPACEHAB M DDECK PAYLOADS W LL BE CONFI GURED FOR SAFE ENTRY
®[CR 5555A |

SPACEHAB middeck payloads include BDS-05, Biopack, BRIC, CEBAS, CMPCG, OSTEO, and
ancillary hardware for ZCG and HLS. Hazard Report BPK-BE-HR-0001; Cause 3 requires that the
Biopack Cooler/Freezer door be closed with the handle flush and secured by Ve cro, that the Biopack
Incubator Tray (BIT) be fully inserted within the Incubator with both handles in parallél position, and
that the Incubator access door be fully closed with handle flush and secured by Velcro. Hazard Report
STD PTCU 15; Cause 2 requires that the Biopack Passive Thermal Control Units (PTCU) be stowed
when not in use and during launch and landing. Hazard Report PGBX-U1; Cause 2 requires that the
Biopack Glovebox be stowed in a middeck locker for launch and landing. e[cr5558 ]

D. FREESTAR: @[cr5555A ]

1. THE CREWW LL TAKE BOTH THE HH AV PR AND HH EXP PWR
SWTCHES ON PANEL L12U TO THE OFF POSI Tl ON.

Generic Hitchhiker hazard report F-3 requires HH payl oads to be unpowered during ascent/entry based
on flammable atmosphere and potential ignition source concerns. The HH POCC desires to command
an orderly shutdown or safing of the experiments. However, if time does not permit an orderly shutdown,
FREESTAR experiments are safe for entry in any configuration. Deactivation by the crewin a rapid
safing scenario will not be delayed to allow time for an orderly shutdown.

2. MEIDEX AND SCLSE DOOR ARE SAFE FOR LANDI NG | N ANY
CONFI GURATI ON. ®DN23 ] ®CR5844 ]

The doors are normally closed for entry, but are safe in any configuration based on structural load
capability. ®[crR5844 |
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107_2A-51 EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND
SPACEHAB MODULE

ELECTRI CAL EQUI PMENT OR EXPERI MENTS, SELF- PONERED OR FACI LI TY-
PONERED, SHALL NOT BE TRANSFERRED BETWEEN THE ORBI TER AND
SPACEHAB UNLESS CERTI FI ED FOR USE I N BOTH LOCATI ONS. THE
FOLLOWN NG LI ST OF EQUI PMENT |'S CERTI FI ED FOR USE I N THE SPACEHAB
MODULE ( BEYOND THE EQUI PMENT | DENTI FI ED I N RULE { A2 - 326},

EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND SPACEHAB MODULE) :
®[ED ]

ELECTRI CAL EQUI PMENT EXCHANGE BETWEEN ORBI TER CABI N AND SPACEHAB
MODULE DOCUMENTED | N PUBLI SHED PROCEDURES. epN24 ]

Thisrulein support of Rule {A2-326}, EQUIPMENT EXCHANGE BETWEEN ORBITER CABIN AND
SPACEHAB MODULE. Equipment may only be used in areas where it has been approved from an
electromagnetic compatibility standpoint. In addition, power budgeting/planning can only be
accomplished effectively if equipment movement strategy is coordinated. If exchange of equipment is
documented in approved orbiter or payload flight data file procedures, the compatibility and planning
assessment has been performed and the equipment may be used in either location. If it is desired to
exchange equipment not listed in Rule {A2-326}, EQUIPMENT EXCHANGE BETWEEN ORBITER
CABIN AND SPACEHAB MODULE, and not included in approved procedures, an assessment must be
performed prior to equipment exchange to verify el ectromagnetic compatibility, power
budgeting/planning, heat load impacts, etc. ®pn24 ] ®ED ]

107_2A-52 CONSTRAI NTS ON CABLES THROUGH THE SPACEHAB HATCH
AND TUNNEL

THE BPSMJU | S THE ONLY DRAG THROUGH APPROVED FOR USE | N SPACEHAB.
®DN25 ]

In support of Rule {A2-331}, CONSTRAINTS ON CABLES THROUGH THE SPACEHAB HATCH AND
TUNNEL. There are no cables except the BPSMU that might need to be run through the Spacehab
hatch. ®pDN25 ] ®ED ]
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107_2A-53 PAYLOAD | N- FLI GHT MAI NTENANCE (| FM PROCEDURES

| A. I N SUPPORT OF RULE {A2-105}, | N FLIGHT MAI NTENANCE (I FM, THE
FOLLON NG IS A LI ST OF PAYLOAD UNSCHEDULED | FM PROCEDURES
VWH CH HAVE BEEN PRE-M SSI ON COCRDI NATED AND REQUI RE ONLY
REAL- TI ME APPROVAL PRI OR TO | MPLEMENTATI ON.  eED ]

1. SPACEHAB IFM S I NCLUDED I N RULE {A2-324}, SPACEHAB | N-
FLI GHT MAI NTENANCE (1 FM PROCEDURES. @ED ]

2. PDI I1FM TO I NSTALL SPARE PDI PER RULE {107_11A-11}, PDI
FAI LURE MANAGEMENT.

Failure of the PDI takes out payload monitoring and science data downlinks for both Spacehab and
FREESTAR, aswell asthe ability to downlink video via SSV. Portions of the Spacehab PDI stream can
be reconfigured to its Ku-band Ch 2 data stream, but lesser availability of the Ku downlink path due to
orbiter blockage make recovery of the S-Band (PDI) capability for Spacehab mandatory.

3. STANDARD SW TCH PANEL (SSP) | FM TO REGAI N PRI MARY PAYLOAD
FUNCTI ONS W LL BE PERFORMED, | F REQUI RED.

Soacehab, FREESTAR, and OARE require activation from the SSP. Single saitch failures could prevent
these payloads from being activated, strand the MEIDEX door in the open position, or inhibit LPT
power. The IFM will be performed to regain these critical functions. ®DN52 ] ®[CR5844 |

4. PSP |FM TO W RE FREESTAR TO PSP-2 PER RULE {107_11A-12},
PSP FAI LURE MANAGEMENT .

A generic Hitchhiker IFM is available to work around a failure of the Payload Sgnal Processor
(PSP). The Hitchhiker avionics arewired to PSP-1, but can be connected to PSP-2 via IFM. The
IFM will be scheduled as mission priorities permit.

5. FOR FAILURE CF PL1 MODM AN MDOM REPLACEMENT | FM W LL BE
CONSI DERED TO REGAI N COMVANDI NG FOR FREESTAR AND OARE.

The only command interface to both FREESTAR and OARE via PL1 MDM, neither has a backup
command path. For failure of PL1 MDM, FREESTAR commanding could be recovered with an IFM
to either replace PL1 MDM or to connect to PSP-2. The only option for OARE requires MDM
replacement.
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6. FOR FAILURE OF THE DI G TAL TV MJX SUCH THAT | T CANNOT BE
SW TCHED BACK TO SPACEHAB PL MAX KU CH 3 DOWNLI NK, THEN
THE SH PL MAX DATA RECOVERY | FM W LL BE PERFORMED TO
ROUTE SPACEHAB KU CH 3 DATA DI RECTLY TO THE KUSP.

SPACEHAB will lose the ability to downlink Experiment LOS playback data. Twelve SPACEHAB
payloads will lose science if this data is not available. ®[cr5540 ]

7. CM2 IFMS epDN26 ]
a. |FM 01 DEPP CARD CHANGEQUT
b. |IFM 02 DPP CARD CHANGEQUT

c. |IFMO03 LSP I GNl TER ARM STEPPER MOTOR ASSEMBLY
CHANGEQUT

d. | FM 04 RECONFI GURE LASER DI ODE DRI VER

e. | FM 05 REPLACE LASER DI ODE ASSEMBLY

f. |1FM 06 THERMOCOUPLE (TC) RAKE CHANGEQUT

g. |IFMO7 IGNITER ELECTRODE Tl P CHANGEQUT

h. | FM 08 PDP FUSE CHANGEQUT

i. IFM09 MST I GNI TI ON TROUBLESHOOT

J. I FM 10 REPLACE 10 BASE-T TRANSCEI VER

k. IFM11 MANUAL I RIS SETTI NG
8. EOR'F IFM 01 EOR/ F TEMP DI SPLAY BATTERY CHANGEOUT
9. ERISTO I FM 01 EXCHANGE ERI STO PWR CABLE
10. OSTEO | FM 01 EXCHANGE OSTEO PVWR CABLE @DN26 ] ®CR5540 ]
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11. FOR FAI LURE OF THE KU BAND SI GNAL PROCESSOR TO DOMNLI NK
CHANNEL 2 PAYLOAD DI 3 TAL DATA, AN | FM W LL BE PERFORMED
TO ROUTE THE SPACEHAB 2 MB EXPERI MENT DATA STREAM TO THE
S- BAND FM S| GNAL PROCESSOR.  @[CR5540 ]

Eight SPACEHAB experiments use the Ku Channel 2 data stream for real-time science data. ®[CR5540 |

B. I N SUPPORT OF RULE {A2-105}, I N FLIGAT MAI NTENANCE (I FM, THE
FOLLON NG IS A LI ST OF SPACEHAB EXPERI MENT UNSCHEDULED | FM
PROCEDURES VH CH DO NOT REQUI RE REAL- TI ME APPROVAL OR
COORDI NATI ON PRI OR TO | MPLEMENTATI ON: eED ]

NONE | DENTI FI ED epN26

C. NO IFM PROCEDURES WLL BE I NI TI ATED BY THE CREW ON AN
EXPERI MENT KNOMN TO REPRESENT A TOXI C HAZARD UNTI L
CONCURRENCE FOR THE REPAI R PROCEDURE | S OBTAI NED FROM THE MCC
FLI GHT DI RECTOR. SPACEHAB EVACUATI ON ANDY OR PROTECTI VE
EQUI PMENT MAY BE REQUI RED ( SEE RULE {Al13-156}, SPACEHAB
HAZARDOUS SUBSTANCE SPI LL RESPONSE). ALL PAYLOAD
EXPERI MENTS/ SAMPLES CONTAI NI NG HAZARDOUS MATERI ALS ARE
DEFI NED I N THE FLI GHT SPECI FI C ANNEX.

A real-time assessment of the possibility of repairing an experiment and the risk of exposing the crew

to a toxic substance during the repair will need to be made. The IFM may require that the cleanup
equipment specified in Rule {A13-156}, SPACEHAB HAZARDOUS SUBSTANCE SPILL RESPONSE, be
used to minimize risk of crew exposure to toxic substances. ®[ED ]
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TABLE 107_2A-54-1 - PGSC USAGE PLAN
PGSC FUNCTION ORBITER PROVIDED SPACEHAB
PROVIDED
STs1 ocA X
STS2 WINDECOM X
STS3 PROSHARE X
STS4 WORLDMAP X
PL1 MEIDEX X
PL2 SOLSE-2 X
PL3 SH SUBSYSTEM, HLS PHAB-4 X
BAR CODE READER
PL4 AST, MGM, BDS-05, & ZCG X
PL5 CM-2 X
(WINDOWS 95 OS)
PL6 VCD FE X
(WINDOWS 95 OS)
HLS HLS MPFE X
ARMS ARMS X
®DN27 ]

NOTE: PGSC BACKUP OPTI ONS W LL BE DOCUMENTED AS REFERENCE DATA
I N THE PAYLOAD OPS CHECKLI ST.

PROGRAMVATI CALLY, THE TWDO STONED PGSC S ARE DEDI CATED TO MEI DEX
AND SOLSE. OPERATI ONALLY, THEY WLL BE USED AS REQUI RED TO
SUPPORT FI RST AND SECOND PGSC FAI LURES. SHOULD MElI DEX OR SOLSE
PGSC S REQUI RE BACKUP, THEY WLL BE @ VEN PRI ORI TY OVER OTHER
USERS. e@pN27 ]

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-33
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

PAYLOAD CONSTRAI NTS

107_2A-61

PAYLOAD CONTAM NATI ON CONSTRAI NTS SUMVARY

TABLE 107_2A-61-1

— PAYLOAD CONTAM NATI ON MATRI X

CUSTOMERS W TH DUMP AND/ OR PURGE CONTAM NATI ON CONCERNS SHOULD BE
NOTI FI ED OF CHANGES TO DUMP PLANS AT LEAST 90 M NUTES PRIOR TO

THE EVENT, |F PGSSIBLE. NOZZLE DUMP ATTI TUDES MAY BE Bl ASED FROM
THE RETROGRADE DI RECTI ON | F REQUI RED TO PROTECT THERMAL
CONSTRAI NTS.  @pDN48 ]
PAYLOAD | TIMEFRAME SUPPLY OMS BURN PRCS OMS/RCS ORBITER FUEL CELL
DUMPS, PROPELLANT LEAKS PURGES
WASTE JJET LEAKS
DUMPS, FES AND APU
OPERATIONS OPERATIONS
SPACEHAB N/A NO NO NO NO NO NO
[4] CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
MEIDEX 20 MIN PRIOR TO NO NOZZLE PROHIBITED PROHIBITED CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS WHEN DOOR WHEN DOOR ASAP VIA SSP [2]| ASAP VIA SSP[2]
EXPERIMENT OPEN OPEN EXCEPT
OBSERVATIONS WHEN
(DOOR OPEN) LANDTRACK
MANEUVER
REQUIRED [1]
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLSE 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE DOOR CLOSE DOOR INHIBITED
[4] AND DURING DUMPS, WHEN DOOR PRCS FIRINGS ASAP VIAPGSC | ASAP VIA
EXPERIMENT MINIMIZE FES OPEN WHEN DOOR [2] PGSC [2]
OBSERVATIONS oPSs [3] OPEN [1]
(DOOR OPEN)
NON-OPERATING NO NO NO NO NO NO
(DOOR CLOSED) CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SOLCON 20 MIN PRIOR TO NO NOZZLE PROHIBITED MINIMIZE CLOSE COVER CLOSE COVER INHIBITED
[4] AND DURING DUMPS WHEN COVER PRCS FIRINGS OR SHUTTERS OR SHUTTERS
EXPERIMENT AND WHEN COVER ASAP VIA ASAP VIA
OBSERVATIONS SHUTTERS AND GROUND GROUND
(COVER AND OPEN SHUTTERS COMMAND [2] COMMAND [2]
SHUTTERS OPEN) OPEN 11
NON-OPERATING NO NO NO NO NO NO
(COVER OR CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
SHUTTERS
CLOSED)
LPT DURING GPS NAV NO NOZZLE NO NO NO NO INHIBITED
DATA TAKES DUMPS CONSTRAINTS CONSTRAINTS CONSTRAINTS CONSTRAINTS
CVX N/A NO NO OMS NO PRCS NO NO NO
CONSTRAINTS BURNS DURING CONSTRAINTS CONSTRAINTS CONSTRAINTS
DURING CRITICAL
CRITICAL PERIODS
PERIODS
®DN48 ] ®DN53 ] ®[CR5846 ] ®[CR5895A ]
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107_2A-61 PAYLOAD CONTAM NATI ON CONSTRAI NTS SUMVARY
( CONTI NUED)

NOTES: ®DN 48 ]

[1] IF VERNS ARE LOST, OPERATIONS MAY CONTINUE USING PRCS JETS. PRCS IS REQUIRED FOR MEIDEX
LANDTRACK MANEUVERS. ®[CR 5846 ]

[2] MAY BE LEFT OPEN AT THE DISCRETION OF THE GSFC POCC.

[3] SOLSE HIGHLY DESIRES FES DISABLED DURING CHECKOUT AND CALIBRATION ORBITS AND DESIRES IT OFF
DURING SCIENCE OPERATIONS.

[4] REFER TO RULE {107_2A-71}, ATTITUDE AND POINTING CONSTRAINTS, FOR RAM CONSTRAINTS BASED ON
CONTAMINATION CONCERNS.

Nozze dumps and OMSPRCS operations have the potential to put contaminants in the vicinity of the
payload bay, causing potential contamination of the SOLCON instrument and the SOLSE, and MEIDEX
windows and potential degradation of science. These payloads have no constraints against these types of
activities when the experiment doors/shutters are closed. Although SOLSE highly desires the FES
inhibited, thermal analysis indicates that inhibiting FES operations will probably not be possible.
SOLCON will nominally leave their cover open for the duration of the flight, closing their shutters
during contamination periods. The shutters should protect the instrument adequately from standard
orbiter contamination events. In the case of jet or orbiter leaks, SOLCON may choose to close their
cover via ground command as additional protection against contamination.

Alt DAP attitude control is required during Landmark Track Maneuvers. MEIDEX may request a
Landmark Track of significant storms are present. If so, the request will likely come near the end of the
mission, when the effects of potential contamination on the window will minimize the impact to the total
sciencegained. ®[CR5846 |

Reference Rules {107_2A-62}, DAP CONSTRAINTS and {107_2A-63}, MICROGRAVITY
REQUIREMENTS, for additional constraints on attitude control and OMSburns. e[pNn48 ]
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107 _2A-62 DAP CONSTRAI NTS
PAYLOAD TIMEFRAME CONTROL ATTITUDE RATE
MODE | DEADBAND | pEADBAND
(1]
SPACEHAB DURING COM2PLEX, VRCS 1 DEG .02 DEG/SEC
gEASFé';CX'T/?gﬁSMSTRS ALT DAP 3 DEG .07 DEG/SEC
MEIDEX DURING STATIONARY VRCS 1 DEG .02 DEG/SEC
gggggvﬁﬁ?oi?m ALT DAP 3 DEG .07 DEG/SEC
DURING MOON VRCS 2 DEG .02 DEG/SEC
CALIBRATIONS ALT DAP 3 DEG .07 DEG/SEC
SOLSE LIMB OBSERVATIONS VRCS 0.1 DEG .02 DEG/SEC
ALT DAP 1.5 DEG .07 DEG/SEC
(0.7 DEG
DESIRED)
POLAR SWEEP MANEUVER | VRCS 1 DEG .02 DEG/SEC
ALT DAP 1.5 DEG .07 DEG/SEC
EARTH OBSERVATIONS VRCS 1 DEG .02 DEG/SEC
ALT DAP 3 DEG .07 DEG/SEC
SOLCON SOLAR OBSERVATIONS VRCS 0.1 DEG .02 DEG/SEC
ALT DAP 1 DEG .07 DEG/SEC
(0.3 DEG
DESIRED)
®DN28 ]
NOTES:
K| FOR LOSS OF VERNS DURING FREESTAR DATA TAKES, ALT DAP WILL BE SELECTED FOR THE REMAINDER OF

THAT DATA TAKE. THE FREESTAR MISSION MANAGER WILL REQUEST TIGHTER DEADBANDS TO MEET
PRIORITIZED PAYLOAD SCIENCE REQUIREMENTS DEPENDING ON PROP AVAILABILITY.

All FREESTAR instruments except SOLCON can acquire limited science when operating at a 3 deg
attitude deadband, expecting instrument targets to occasionally pass through the instrument FOV's. The
FREESTAR Mission Manager will prioritize FREESTAR payload objectivesin light of available prop
and mission objectives met to date. For loss of VERNS, ALT DAP attitude control isrequired to acquire
science. In this case, a degradation of science due to contamination by PRCS|ets is acceptable.

The attitude deadband during the SOLSE polar sweep may be relaxed to 1 deg in order to facilitate
reaching attitude within the desired time. Upon reaching the target attitude, the deadbands should be
collapsedto 0.1 deg. ®pDN28 ]
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107 2A-63 M CROGRAVI TY CONSTRAI NTS
PAYLOAD TIMEFRAME OMS PRCS [1] VRCS EXERCISE
BURN
ADVANCED PROTEIN ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
CRYSTALLIZATION FACILITY UNTIL WITHOUT WITHOUT CONSTRAINT
(APCF) DEACTIVATION PRIOR PRIOR
NOTIFICATION | NOTIFICATION
COMMERCIAL FIRST 10 DAYS HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
MACROMOLECULAR AND FOLLOWING DESIRE PROHIBITED CONSTRAINT
PROTEIN CRYSTAL GROWTH ACTIVATION PROHIBITED
(CMPCG)
COMMERCIAL PROTEIN FIRST 24 HOURS | HIGHLY HIGHLY DESIRE | NO NO CONSTRAINT
CRYSTAL GROWTH - PROTEIN FOLLOWING DESIRE PROHIBITED CONSTRAINT
CRYSTALIZATION FACILITY INITIALIZATION PROHIBITED
(CPCG-PCF)
MECHANICS OF GRANULAR ACTIVATION PROHIBITED PROHIBITED NO NO CONSTRAINT
MATERIALS (MGM) UNTIL CONSTRAINT
DEACTIVATION
FOR TEST POINTS
1-8
COMBUSTION LAMINAR MICROGRAVITY PROHIBITED PROHIBITED NO NO CONSTRAINT
MODULE-2 SO0T PERIOD BEGINS CONSTRAINT
(CM-2) PROCESSES | 22-28 MINUTES
(LSP) AFTER THE
START OF A RUN
AND LASTS FOR
11 MINUTES
STRUCTURE | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
OF FLAME PERIOD BEGINS (GRAVITY EXERCISE/CYCLE
BALLS AT 18 MINUTES INTO GRADIENT ERGOMETER OPS AND
LOW LEWIS | EACH RUN AND ATTITUDE ORBITER CYCLE
NUMBERS LASTS FOR REQUIRED) ERGOMETER OPS
(SOFBALL) VARIOUS PROHIBITED DURING
DURATIONS (1.5 MICROGRAVITY
TO PERIOD.
APPROXIMATELY
4 HRS)
DEPENDING ON
THE RUN.
WATER MIST | MICROGRAVITY PROHIBITED PROHIBITED PROHIBITED ARMS CREW
PERIOD BEGINS EXERCISE/ERGOMETER
AT EXPERIMENT OPS AND ORBITER
RUN START +23 ERGOMETER OPS
OR 29 MINUTES PROHIBITED DURING
(DEPENDING ON THE MICROGRAVITY
THE RUN) AND PERIOD [3]
LASTS FOR 2-4
MINUTES
|| zEOLITE CRYSTAL GROWTH FURNACE PROHIBITED PROHIBITED NO MINIMIZE CREW
(ZCG) ACTIVATION WITH CONSTRAINT [1]| EXERCISE DURING
UNTIL ZCG ALLOWANCE FIRST 10 HOURS POST-
DEACTIVATION FOR ALT DAP FURNACE ACTIVATION.
AS
NEGOTIATED
WITH ZCG
CRITICAL VISCOSITY OF CRITICAL PROHIBITED PROHIBITED [1] | NO AVOID SCHEDULING
XENON-2 (CVX-2) PERIODS 2] CONSTRAINT CONSECUTIVE

EXERCISE PERIODS
WHEN POSSIBLE
DURING CRITICAL

PHASES
®DN49 | ®[CR5623 ] ®[CR5628A | ®[CR5895A |
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NOTES:

K| FOR LOSS OF VERNS, MGM, LSP, WATER MIST, ZCG AND CVX-2 WILL CONTINUE OPERATIONS USING ALT DAP.
®DN49 ]

[2] CRITICAL PERIODS OCCUR WHEN THE EXPERIMENT APPROACHES ITS CRITICAL TEMPERATURE AND WILL BE
DEFINED BY THE CUSTOMER AND PROVIDED AS PART OF THE REPLAN CYCLE. THESE CRITICAL PERIODS ARE
APPROXIMATELY DEFINED BY THE FOLLOWING PAYLOAD EVENT TIMES (REFERENCED FROM CVX-2
ACTIVATION): 26 TO 47 HOURS, 64 TO 115 HOURS, AND 130 TO 182 HOURS FOR A 200 HOUR TIMELINE; AND 20
TO 35 HOURS, 54 TO 73 HOURS, 129 TO 151 HOURS, 205 TO 227 HOURS, AND 281 TO 303 HOURS FOR A 308 HOUR
TIMELINE.

[3] EXERCISE MAY BE SCHEDULED DURING WATER MIST RUNS, BUT THE CREWMEMBER MUST PAUSE FOR THE
SHORT MICROGRAVITY PERIOD.

The gravity gradient attitude is required for SOFBALL to maintain predictable comm during the lengthy
microgravity periods. Exercisein the Spacehab is prohibited during SOFBALL microgravity periods to
achieve the best microgravity environment possible. Exercisein the middeck is also prohibited during
SOFBALL Free Drift periods.

Most MIST tests require microgravity beginning 37 minutes into each run. However, MIST tests 12 and
22 are an exception to this rule with microgravity periods beginning 22 minutesinto each run. No
special attitude is required for MIST since the Free Drift period is short and comm should remain
predictable. Exercisein the middeck and in Spacehab module prohibited during MIST Free Drift
periods.

CVX-2 critical periods occur when the experiment approaches its critical temperature. The most critical
part of CVX-2'stimelineisthelast 10 hours of thefirst pass through Tc (liquid-vapor critical point of
Xenon, approx 16.7 degrees C). They will use this "fast" pass to locate Tc for the remainder of the
mission. Each of the later "slow" passes through Tc requires about 80 hours, with the last 30 hours
being most important. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight. Actual critical period timeframes will be defined
by the customer and provided as part of the replan cycle.

OMSburns and PRCSjet firings are not allowed during CVX-2 critical periods. Shuttle maneuvers
using VRCS sometimes create DC accel erations that exceed the steady-state requirement of 0.24 milli-g,
but they are too short-lived to cause a problem.

CVX-2 is very susceptible to impacts on the sample cell during exercise periods due to the AC

accel erations reducing the measurement signal-to-noise ratio. To protect sample data against possible
degradation due to crew exercise, CVX desires that during critical periods, exercise not be scheduled
consecutively. This scheduling is desirable for the entire mission, yet extremely important during critical
periods operations. Based upon on-orbit performance, CVX will be able to more accurately define the
most critical portions of the CVX timeline during flight.

TH'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-38
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-63 M CROGRAVI TY CONSTRAI NTS ( CONTI NUED)

CMPCG and CPCG-PCF are both sensitive to microgravity disturbances during crystal nucleation and
crystal growth which can cause detrimental effects to crystal formation and the solution boundary layer
asthe crystals grow in solution. CMPCG consists of approximately 1008 samples that have a wide
variance in the timing of nucleation and growth phases. CMPCG highly desires minimized disturbances
during their entire crystal growth phase, but especially for thefirst 10 days of crystal growth. CPCG-
PCF consists of only one sample and highly desires minimized disturbances during the first 24 hours of
crystal growth which is the expected nucleation and early growth phase. ®[cR5628A |

Reference Rule {107_2A-61} PAYLOAD CONTAMINATION CONSTRAINTS SUMMARY, for OMSRCS
constraints driven by contamination concerns. ®pN49 ]

107 _2A-64 RESERVED @[cR 5895A ]

STS-107 01/14/03 FINAL, PCN-1, P&I #1 FLIGHT OPERATIONS 2-39
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES
ATT| TUDE/ POl NTI NG CONSTRAI NTS

107_2A-71 ATTI TUDE/ PO NTI NG CONSTRAI NTS

A.  SPACEHAB
1. COMBI NED TWO- PHASE LOOP EXPERI MENT ( COVRPLEX)

a. COMRPLEX REQUIRES A -ZLV (NADIR) ATTI TUDE FOR 48
HOURS PER EACH OF THE THREE LOOPS FOR A TOTAL OF 144
HOURS. ANY YAWI S ACCEPTABLE. COWMPLEX CAN
W THSTAND ATTI TUDE BI ASES UP TO 20 DEGREES WHI CH LAST
NO MORE THAN 20 M NUTES. THE Tl ME SPENT Bl ASED CAN
TOTAL NO MORE THAN 40 M NUTES EVERY 24- HOUR PERI CD.
®DN79 ]

b. COWPLEX DEEP SPACE PO NTING IS LIM TED TO 90 M NUTES
| F UNPOAERED. AFTER 90 M NUTES, COWPPLEX REQUI RES A
-ZLV (NADIR) ATTI TUDE FOR 1 HOUR BEFORE REAPPLYI NG
PONER. COWPLEX HAS NO DEEP PO NTI NG CONSTRAI NT
VWH LE POWERED.

c. COWPLEX MJUST BE I N A REDUCED PONER STATE FOR SOLAR
PO NTI NG

The COM2PLEX payload requires maintaining a similar attitude for the duration of each of the three
experiment runs to reduce thermal fluctuations and maintain compar ability between the runs.

2. M N ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( M5TRS)

a. MSTRS REQUI RES A - ZLV (NADIR) ATTI TUDE FOR EACH
OPERATI ONAL CYCLE EXCEPT AS NOTED I N PARAGRAPH B
BELOW

Each operations cycle consists of a 1 hour warm up period and a minimum of four continuous or bits.
The MSTRS payload reguires no biasin the -ZLV (NADIR) attitude to accurately geo-locate radio
frequency sources on Earth. ®pn79 ]

THI'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 FLIGHT OPERATIONS 2-40
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_2A-71 ATTI TUDE/ PO NTI NG CONSTRAI NTS  ( CONTI NUED)

b. DURI NG ONE ENTI RE PHASE 2 ORBI T SET (FOUR CONTI NUOUS
ORBI TS), MSTRS REQUI RES A 15- DEGREE BI AS FROM —ZLV
(NADI R) SUCH THAT THE SHUTTLE BAY IS PO NTING IN A
NORTHERLY DI RECTI ON. THE ATTI TUDE FOR THE WARM UP

PERICD PRROR TO THIS ORBIT SET WLL NOT BE BI ASED.
®DN79 ]

c. MSTRS DEEP SPACE PO NTING IS LIMTED TO 2 HOURS.
AFTER 2 HOURS, MSTRS REQUI RES A -ZLV (NADI R) ATTI TUDE
FOR 2 HOURS TO RECOVER. DUE TO TECHNI CAL CONCERNS
W TH ORBI TER OFF GASSI NG MSTRS REQUI RES THEI R FI RST
OPERATI ONAL CYCLE TO OCCUR LATER THAN 16 HOURS MET.
M5TRS REQUI RES A M NI MUM OF 24 HOURS BETWEEN
OPERATI ONAL CYCLES.

3.  STAR NAVI GATI ON ( STARNAV)

a. STARNAV REQU RES A M NIl MUM OF TWENTY OBSERVATI ONS
WTH THE FOV OF THE | NSTRUMVENT PO NTED 25 DEGREES
FROM THE EARTH LI MB AND 30 DEGREES FROM THE SUN.
STARNAV ALSO REQUI RES A NON- I NERTI AL ATTI TUDE FOR
EACH 30 M NUTES OBSERVATI ON.  BACK- TO- BACK
OBSERVATI ONS CANNOT BE SCHEDULED.

STARNAV s field of view is defined as a cone generated by a 5.5 degree half angle projection. The total
conical field of viewis an 11 degree sweep centered on the bore of STARNAV' s camera. ®pN79 ]

b. STARNAV MUST BE POWERED OFF DURI NG PASSES THROUGH THE
SQUTH ATLANTI C ANOVALY (SAA). STARNAV MUST BE
PONERED ON DURI NG MANEUVERS CAUSI NG THE FOV TO SWEEP
THROUGH THE SUN VECTOR

STARNAV is powered off during SAA passes and powered on during solar passes to protect electronics.

c. STARNAV REQUI RES DEEP SPACE PO NTI NG TO BE LIM TED TO
5 HOURS. AFTER 5 HOURS, STARNAV POWNER MJUST BE
RESTORED OR THE STARNAV PAYLCAD MUST RETURN TO A -ZLV
(NADIR) ATTI TUDE TO RECOVER.  STARNAV' S RECOVERY TI ME
IS EQUAL TO THE TI ME SPENT DEEP SPACE PO NTI NG
W THOUT POVNER. epDN79 ]

The STARNAV recovery time in a warm attitude is equal to the duration of timein the deep space
attitude. STARNAV will be powered off when not observing.
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d. STARNAV REQUI RES BAY-TO- SUN PO NTI NG BE LIMTED TO 36
M NUTES WHEN PONERED ON. STARNAV HAS NO -ZSI
CONSTRAI NT WHEN POVERED OFF. epDN79 ]

e. STARNAV' S FI ELD OF VI EW MAY NOT SWEEP THROUGH RAM AT
ANY RATE.

Sneeping through RAM may damage STARNAV'slens. ®pN79 ]
4. COVBUSTI ON MODULE-2 (CM 2)

CM 2 REQUI RES FREE DRI FT FOR THE SOFBALL AND M ST TESTS.
SOFBALL DESI RES A GRAVI TY GRADI ENT ATTI TUDE DURI NG

M CROGRAVI TY PERI ODS. M ST FREE DRI FT PERI ODS HAVE NO
ATTI TUDE REQUI REMENT.

Free Drift periods required for SOFBALL are significantly longer in duration than MIST’s, so a Gravity
Gradient attitude is desired to maintain predictable comm during that time.

B. FREESTAR
1. MElIDEX

a. DURI NG MElI DEX EARTH VI EW NG DATA TAKES, THE ORBI TER
-Z AXIS MIUST BE PO NTED AT THE EARTH, WTH A ROLL
Bl AS AS NECESSARY FOR TARGET ACQUI SI TI ON OVER THE
REG ON OF | NTEREST.

During primary data collection periods, MEIDEX requires a bay-to-earth, tail/nose forward based
orientation to ensure best possible ROI coverage in relation to the instrument FOV and to enable
maximum data acquisition. Optimum opportunities and flexibility for MEIDEX observations will be
acquired when the orbiter trajectory passes directly over the ROI. During these observations, slight
attitude biases away from Nadir may be considered in order to ensure that the designated targets remain
within the MEIDEX FOV. The MEIDEX instrument can assist in target tracking by tilting ?22.5 deg in
the YZ plane (resulting in a north to south scan across the groundtrack). MEIDEX desires that
dedicated operations not occur within the South Atlantic Anomaly (SAA) on more than three consecutive
orbits. ®[CrR5847 ]
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107_2A-71

b.

ATTI TUDE/ PO NTI NG CONSTRAI NTS _ ( CONTI NUED)

| F REQUESTED, MElI DEX LANDVMARK TRACK MANEUVERS CAN BE
UTI LI ZED TO TRACK SI GNI FI CANT DUST STORMS THROUGH AN
ENTI RE OVERPASS. @epDN79 ]

LTM’swould likely be requested no more than once or twice during the mission, and only if significant
dust activity were present. As LTM maneuvers require PRCS attitude control (which could increase
potential for contamination on the MEIDEX window), MEIDEX would request the scheduling of an LTM
as late as possible in the mission.

C.

DURI NG MElI DEX LUNAR CALI BRATI ONS, A LUNAR | NERTI AL
ATTI TUDE | S REQUI RED.

There is no requirement for a specific moon orientation in respect to the MEIDEX FOV.

d.

DURI NG MElI DEX GROUND CALI BRATI ONS, MEI DEX REQUI RES A
BAY- TO- EARTH, NOSE/ TAI L FORWARD ORI ENTATION, WTH A
MAXI MUM ATTI TUDE BI AS OF 7?30 DEGREES FROM LOCAL NADI R
OVER THE PRE- SELECTED SITE, FOR A M NI MUM O 20-30
SECONDS. MEI DEX H GHLY DESI RES A LANDVMARK TRACK FOR
A MN MMOF 3 MNUTES. e[crs615 ]

DURI NG SPRI TE OBSERVATI ONS, MEI DEX REQUI RES A
NOSE/ TAI L DOAN, BELLY FORWARD ATTI TUDE W TH THE
ORBI TER VI EW NG TOMRDS THE DUSK- TERM NATOR DURI NG
ECLI PSE FOR A M NI MUM OF 20 M NUTES (> 30 M NUTES
DESI RED) .

In order to maximize limb coverage, the MEIDEX canister center axisis required to point 50 km above

the earth's limb.

f.

WTH THE DOOR I N THE OPEN PCSI TI ON, MElI DEX REQUI RES
THAT THE SUN NOT ENTER W THI N 5 DEGREES OF THE XYBI ON
CAVMERA FOV. @[CR5844 | ®[CR5847 ]

Meidex will request that the crew close the experiment door and temporarily terminate science activities
if the sun constraints are predicted to be violated. The Xybion camera FOV is 10.76 deg x 14.04 deg
with thelong axisin the Y direction and is centered on the —Z orbiter body axis. epn79 ]
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ATTI TUDE/ PO NTI NG CONSTRAI NTS _ ( CONTI NUED)

g. WTH THE DOOR I N THE OPEN POSI TI ON, MElI DEX SHOULD NOT
VIEWRAMWTH N A + 70 DEGREE FOV IN THE —Z AXIS. | F
THE RAM PASSES THROUGH THE | NSTRUVENT CENTRAL
POSI TION =+ 70 DEGREES, THE ANGULAR RATE | S REQUI RED
TO BE AT LEAST 0.2 DEGREE/ SECOND. ®[CR5844 | ®[CR5847 |

Exposure to extended RAM could damage the instrument window thus degrading the optical properties
necessary for valid science. MEIDEX will request that the crew close the door via SSP and temporarily
terminate science if the RAM constraint is predicted to beviolated. ®DN55 ] ®CR5844 |

2. SOLSE

a. SOLSE REQUI RES A BI ASED PORT W NG TO EARTH, BELLY-TO
RAM ATTI TUDE DURI NG LI MB VI EW5. epN79 ]

(1)

(2)

(3)

(4)

DURI NG VI SI BLE FI LTER OBSERVATI ONS, THE -Z AXI S
| S REQUI RED TO BE PO NTED AT 25 KM ABOVE THE
EARTH S SURFACE.

DURI NG WV FI LTER OBSERVATIONS, THE -Z AXIS IS
REQUI RED TO BE PO NTED AT 32 KM ABOVE THE EARTH S
SURFACE.

SOLSE REQUI RES THAT THE OBLATENESS OF THE EARTH
BE FACTORED | NTO THE ORBI TER PO NTI NG AS
NECESSARY.

SOLSE REQUI RES THAT ORBI TER PO NTI NG BE ADJUSTED
AS REQUI RED TO KEEP THE —Z AXIS WTH N +5 KM OF
THE TARGETED ALTI TUDE.

Small attitude adjustment maneuvers may be required during SOLSE limb views in order to keep the
SOLSE FOV within 5 km of the Earth altitude under observation. Depending on the orbital altitude, a
dight tilt of the XY planewill berequired to maintain vertical resolution at the limb. SOLSE may request to
change a limb view to a polar view depending upon match-up availability with ground truth sites.
Although polar views are considered superior to alternative viewing options, SOLSE may request that a
polar sweep maneuver be performed duringa SOLSE limb view. ®DN79 ] ®[CR5847 |
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b. SOLSE REQUI RES A BAY-TO EARTH, TAI L/ NOSE FORWARD
ATTI TUDE DURI NG EARTH VI EW NG OBSERVATI ONS.  @[crR5847 |

This orientation ensures that the long axis of the SOLSE field of view is perpendicular to the ground
track.

c. SOLSE REQUI RES A BIAS -YLV +XVWV ATTI TUDE ( NORTHERN
VI EW5) OR BI AS -YLV - XW ATTI TUDE ( SQUTHERN VI EW\5)
DURI NG POLAR VI EW NG OBSERVATI ONS.

SOLSE highly desires three orbits of hbar polar view observations, two north and one south. The polar
views will allow SOLSE-2 to extend the coverage for SOLSE observations to higher latitudes (simulating
science that could be achieved on a higher inclination flight). All polar view operations are desired to
be performed in attitude for the entire daylit portion of the orbit.

d. SOLSE REQUI RES THAT THE ORBI TER -Z AXI'S NOT BE

PO NTED WTH N ?70 DEG OF THE RAM VWHEN THE SOLSE DOOR
| S OPEN. @[cr5844 ]

Viewing RAM could cause atomic oxygen contamination on the window, resulting in severely degraded
data.

e. SOLSE REQUI RES THAT THE SUN REMAIN QUTSIDE OF A ?7.5
FI ELD OF VIEW (FOV) FROM THE —-Z AXIS WHEN THE DOOR | S
OPEN. @®[DN79 ] ®[CR5844 ] ®[CR5847 |

Viewing the Sun may solarize contaminants on the window and degrade the optical qualities of the
window.

3. SOLCON

a. DURI NG SCLAR VI EW NG DATA TAKES, THE ORBITER -Z AXI S
MUST BE PO NTED AT THE SUN FOR 40 M NUTES. THE SUN
MUST BE GREATER THAN 10 DEGREES ABOVE THE EARTH
HORI ZON FOR THE DURATI ON OF THE EXPERI MENT.

OBSERVATI ONS MAY BE SCHEDULED AS TWO CONSECUTI VE
SOLAR VI EW NG PAI RS.
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b. SCOLCON REQUI RES DEEP- SPACE VIEWNG (ORBI TER -Z AXI S >
15 DEGREES AVWAY FROM EARTH AND > 25 DECGREES AWAY FROM
THE SUN) OF AT LEAST 10 M N I N DURATI ON PRI OR TO AND
FOLLOW NG EACH SOLAR VI EW NG ORBI T.

Deep space attitude required for instrument calibration prior to and after each SOLCON data take. The
deep space viewing need not occur in a fixed attitude as long as the FOV constraintsare met. ®pDN56 ]

c. SOLCON REQUI RES THAT THE RAM REMAI N +10 DEGREES
OQUTSI DE THE | NSTRUVENT CENTRAL POSI TI ON (ORBI TER -Z
AXI'S) WHEN THE EXPERI MENT SHUTTERS ARE OPEN.
TEMPORARY VI CLATI ONS ARE ACCEPTABLE | F THE RAM PASSES
THROUGH THE | NSTRUMENT CENTRAL PCSI TI ON AT AN ANGULAR
RATE OF AT LEAST 0.2 DEGREE/ SECOND.

Extended RAM exposure could damage SOLCON optics. SOLCON will close shutters and temporarily
terminate science collection for predicted RAM violations.

4. CvX HAS NO ATTI TUDE PO NTI NG REQUI REMENTS FOR SCI ENCE
CCOLLECTI ON.

a. DURI NG NON- CRI TI CAL PERI ODS, CVX SHALL NOT BE EXPOSED
TO MORE THAN 60 M NUTES OF SOLAR VI EW NG DURI NG ANY 4
HOUR PERI OD, W TH THE EXCEPTI ON OF SOLCON SCOLAR PAI RS
AS QUTLINED I N RULE {107_2A-71B}. 4. B,

ATTI TUDE/ PO NTI NG CONSTRAI NTS.  @pDN57 ]

The CVX experiment must be limited to less than 60 minutes of solar viewing during any 4-hour period.
If more than 60 minutes of solar viewing were to occur, CVX would potentially lose valuable experiment
data. Thislimitation isfor reasons of successful operations and is not a safety requirement. Solar
viewing is defined as sustained solar flux within 60 degrees of the -Z axis. During critical periods, CVX
should be able to tolerate the Sun sweeping through the payload bay (asin an LVLH attitude hold like
bay to wake). CVX should also be able to tolerate sustained off-normal solar flux during critical periods
aslong asthe Sunis greater than 60 degrees off normal (-Z axis). Flight-specific attitudes will be
analyzed to ensure that thermal limits are not exceeded during critical periods.

b. DURI NG NON-CRI TI CAL PERI DS, SOLCON SOLAR PAI RS (45
M NUTES ON CONSECUTI VE ORBI TS) CAN BE SCHEDULED W TH
THE FOLLOW NG CONSTRAI NTS:
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(1) CVX-2 REQUI RES AN ATTI TUDE COLDER THAN BAY TO
EARTH | N BETWEEN OBSERVATI ONS.

(2) CVX-2 REQU RES 6 HOURS OF RECOVERY TIME IN A BAY
TO EARTH OR COLDER ATTI TUDE FOLLOW NG A SOLCON
PAI R PRI OR TO ADDI TI ONAL SOLAR VI EW NG

c. DURI NG CRITICAL PERI CDS, CVX SHALL NOT' BE EXPOSED TO
ANY -ZSI ATTI TUDES.

Five critical periods occur during the 304 hours of desired CVX operations while CVX is establishing the
critical temperature of Xenon. Referencetherationale in Rule {107_2A-63}, MICROGRAVITY
CONSTRAINTS, for approximate timeframe of critical periods. -ZS excursions during these periods

will cause critical temperature determination excursions that exceed the experiment’s ability to perform
thesciencerun. ®DN57 ]

d. El THER OPERATI NG OR NON- OPERATI NG CVX SHALL NOT BE
EXPOSED TO —-ZSI ATTI TUDES THAT EXCEED 70 M NUTES I N
DURATI ON. @pDN79 ]

CVX isimpacted by more than 30 minutes of solar viewing and cannot recover from greater than 70
minutes of continuous solar viewing. ®DN57 ]
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5. LPT

a. LPT REQUI RES SPACE VIEWNG (-Z AXIS > 90 DEG FROM
NADI R) DURI NG GPS COPERATI ONS.

The GPS Navigation test requires two observations of two consecutive orbits of bay-to-space attitude.
®DN79 ]

b. LPT REQUI RES GROUND STATI ON VI EWNG FOR 5 M NUTES
(-Z A XIS TOMLA WPS, OR DFRC, WTH M NI MUM LOS
ELEVATI ON ANGLE OF 5 DEGREES FROM THE GROUND
STATI ON) DURI NG GN OPERATI ONS, W TH TARGET TRACKI NG
FOR A MNIMUM CF THREE OF THE EI GHT TESTS. @[crs5847 ]

c. LPT REQU RES A TRACKI NG AND DATA RELAY SATELLI TE
(TDRS) TRACK ATTI TUDE DURI NG TDRS COVMUNI CATI ONS
TESTS FOR A TOTAL OF 6 HOURS. THE PASS MNIMUM | S
15 M NUTES.

d. LPT REQU RES THE ORBI TER -Z AXIS TO A TDRS AND DFRC,
WTH M NI MUM LOS ELEVATI ON ANGLE OF 5 DECGREES, DURI NG
RANGE SAFETY OPERATI ONS WVHI CH LAST A MNIMUM OF 2.5
M NUTES.

LPT desires acquisition of two TDRS s simultaneously during the Range Safety Tests; however,

maximization of pass over DFRC is prioritized over two TDRS's. Two Range Safety tests are required.
®[CR5847 ]

e. LPT REQUI RES A TDRS TRACK ATTI TUDE DURI NG ON-CRBI T
RECONFI G TESTS. EACH OF THE TWO TESTS ARE 20
M NUTES. epn79 ]
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GENERAL

107_3A-1 GROUND AND NETWORK DEFI NI T1 ONS

A, MCC IS DEFI NED AS THE EQUI PMENT AND FUNCTI ONALI TY PROVI DED BY
THE JSC BUI LDI NG 30 COMPLEX AND ASSCCI ATED | NFRASTRUCTURE AT
JSC VWH CH PROVI DE POWER, COCLI NG, AND COMMUNI CATIONS TO
BUI LDI NG 30. @[cr5501 ]

B. | NTEGRATED NETWORK | NCLUDES THE FOLLOW NG

1. THE NASA GROUND TRACKI NG AND DATA STATI ONS AT MERRI TT
| SLAND LAUNCH AREA ( M LA), DRYDEN FLI GHT RESEARCH CENTER
(DFRC), WALLOPS | SLAND (W.PS), PONCE DE LEON STATI ON
(PDL), AND | NCLUDI NG JONATHAN DI CKI NSON ( JDI)

Even though JDI is part of the Eastern Range operated by the USAF 45th Space Wing at the Jonathan
Dickinson Missile Test Annex (JDMTA), for the purposes of thisruleit is considered part of the NASA
network.

2. THE SPACE NETWORK | NCLUDI NG THE WHI TE SANDS COVPLEX (W5C)
FACI LI TY AND FUNCTI ONALI TY AS WELL AS THE TRACKI NG AND
DATA RELAY SATELLI TE ( TDRS)

3. GSFC FAC LI TI ES THAT PROVI DE COVMUNI CATI ONS RELAY AND
SCHEDULI NG  THE M SSI ON OPS SUPPORT AREA (MOSA), FLIGHT
DYNAM CS FACI LITY (FDF), AND THE NETWORK CONTRCL CENTER
(NCC), AND ASSCCI ATED | NFRASTRUCTURE AT GSFC WHI CH
PROVI DE PONER, COOLI NG AND COVMUNI CATI ONS TO THOSE
FACI LI TI ES.

4. NASA AND USAF RADAR TRACKI NG SI TES AS SHOM | N RULE
{107_3A- 4}, | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X

5. COWERCI AL LI NKS CONNECTI NG JSC, GSFC, WSC, KSC, DFRC,
ETC.

6. | NTERCONNECTI VI TY TO USAF REMOTE TRACKI NG STATI ON ( RTS)
S| TES e[cr5501 ]
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C. CRITICAL SHUTTLE FLI GHT PHASES ARE DEFI NED AS LAUNCH THROUGH
GO FOR ORBI T OPS OR | NTACT ABORT LANDI NG AND GO FOR DECRBI T
BURN THROUGH WHEELSTOP. @[cr5501 ]

D. TRAJECTORY PROCESSING | S DEFI NED AS THE CAPABI LI TY OF THE MCC
TO TAKE TRAJECTORY DATA FROM VARI QUS SOURCES ( RADAR TRACKI NG,
S- BAND DOPPLER, ONBOARD | NERTI AL NAVI GATI ON, ONBOARD GLOBAL
POSI TI ONI NG SATELLITE (GPS)) AND I N REAL TI ME COVPUTE CURRENT
STATE AND PERFORMANCE CAPABI LI TY THAT ARE USED TO DETERM NE
ABORT MODE CAPABI LI TY, MANEUVER TARGETS, AND MAKE OTHER
M SSI ON CRI TI CAL DECI SI ONS. e@[cr5501 ]

107_3A-2 GROUND AND NETWORK OVERALL PHI LOSOPHY

A, MANDATORY REQUI REMENTS: AIR-TO GROUND (A/G VA CE, COWWAND,
HDR TELEMETRY, AND TRAJECTORY PROCESSI NG DURI NG CRI Tl CAL
PHASES OF FLIGHT IS MANDATORY. THE MCC AND | NTEGRATED
NETWORK EQUI PMENT AND ASSCCI ATED SOFTWARE TO PROVI DE THESE
MANDATORY FUNCTI ONS MUST BE AVAI LABLE AND SCHEDULED TO
I NI TI ATE A CRITICAL ACTIVITY. e@[cr5501 ]

The MCC and network provide the ability to collect, process, and display the information needed to
invoke mission rule decision, analyze subsystem performance to prevent failures, and to relieve the flight
crew of the need to monitor subsystemsin detail. Command provides the means to configure onboard
systems for nominal operations aswell as for anomaly resolution. Command isrequired to provide
uplink remedies to systems problems which require off-nominal systems configurations that can be most
effectively accomplished or, in some cases, only accomplished from the ground. A/G voice provides the
means to communi cate between the flight crew and the flight control team for mission activities, abort
region definition, anomaly resolutions, and many other activities.

Thisrule states a general principle which must be understood in the light of what is technically feasible.
For example, the mandatory requirement is not meant to imply that there can be no short gaps since site
handovers, etc. will lead to momentary outages. Additionally, the next rule gives greater detail to parts

of critical periodswhen longer outages can be allowed. @[crR5501 |
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B. REDUNDANCY: @[cr5501 ]

1. SCHEDULI NG  REDUNDANCY | N MANDATORY MCC AND | NTEGRATED
NETWORK FUNCTI ONS SHALL BE SCHEDULED AND PLANNED TO BE
AVAI LABLE AT THE I NI TI ATION OF A CRITI CAL ACTIVITY.

NOTE: REDUNDANCY |'S NOT REQUI RED WHEN SCHEDULI NG FOR THE
TRACKI NG AND DATA RELAY SATELLI TE SYSTEM ( TDRSS)
NETWORK.

TDRSS network redundancy is well demonstrated and tying up resources by scheduling redundant
servicesis not required. Loss of TDRSS service has been demonstrated in practice to be very remote and
emergency rescheduling using alternate equipment is very rapid. TDRSS network redundancy is based
on having multiple satellites in both eastern and western locations, two independent ground stations,
multiple communication paths between WSC and MCC, and full redundancy in scheduling and other
supporting equipment. The TDRSS network has more users than can be scheduled, so it is prudent to not
explicitly schedule redundant TDRSS coverage.

2. LOSS OF REDUNDANCY: REDUNDANCY IS NOT REQUI RED TO
I NI TI ATE A CRITICAL ACTIVITY. FOLLON NG A FAI LURE THAT
CAUSES LOSS OF REDUNDANCY, | F FEASI BLE, THE REMAI NI NG
SINGLE STRI NG SHOULD BE DEMONSTRATED TO BE FUNCTI ONAL
PRIOCR TO THE INITIATION OF A CRITI CAL ACTIVITY.

It is prudent to support mission critical operationswith redundancy. MCC and Network functions are by
design very reliable. Operational history has demonstrated that MCC and Network functional reliability
isvery high. When operating on a single string of equipment that is demonstrated to be functioning,
which is not annunciating an alarm or operating in an anomalous manner, thereis a very low
probability of failure in the short time duration of a shuttle-critical phase. Unlessthereisdirect
evidence to conclude a failure is imminent on operating equipment, thereis no reason to delay a critical
scheduled event for failure of a redundant string. Conversely, if analysis of a failed system clearly
indicates a threat to the remaining equipment, it is prudent not to initiate a critical activity if possible.

3. RECOVERY OF LOST REDUNDANCY: RECOVERY OF REDUNDANT
EQUI PMENT SHOULD NOT BE ATTEMPTED I F THERE IS RI SK TO THE
PLANNED T=0 OR DEORBIT TIME CF IGNITION (TI G .

Recovery of redundant equipment or function generally has a non-zero risk of operator error or other
reason causing loss of the functioning, mandatory equipment string. At pre-defined times for launch or
deorhit, this risk should not beincurred. e[crs501 ]
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A. ASCENT e[cr5501 ]

1. NOM NAL ASCENT: AIR-TO GROUND VA CE, (TEST2) COVVAND,
TELEMETRY, AND TRAJECTORY PROCESSI NG ARE MANDATORY FROM
LI FTOFF THROUGH MET 15 M NUTES. FROM MET 15 M NUTES
THROUGH GO FOR ORBIT OPS, IT IS H GHLY DESI RABLE TO HAVE
THE MAXI MUM DURATI ON OF COVERAGE PCSSI BLE FOR Al R- TO-
GROUND VA CE, COMVAND, TELEMETRY, AND TRAJECTORY
PROCESSI NG

| N ADDI TI ON TO MANDATORY S- BAND TWO- WAY VOI CE, UHF TWO-
WAY VO CE | S REQUI RED AS A BACKUP DURI NG LAUNCH FROM

LI FTOFF THROUGH NOM NAL HANDUP TO TDRS AND |'S HI GHLY

DESI RABLE THROUGH M LA LOS OR UNTIL RETURN TO LAUNCH SI TE
(RTLS) LANDI NG

Redundant A/G voice is necessary for abort request and abort region calls and to rapidly convey verbal
responses to observed subsystem anomalies and rule violations. The availability of both S-band and
UHF ensures that Solid Rocket Booster (SRB) plume, station handovers, and most onboard and ground
subsystem failures will not result in disruption of A/G voice capability causing critical callsto be missed.
Early in ascent, TDRSis not thought to be acceptable due to antenna |ook angles, structural blockage,
etc. Therefore, MILA, PDL, and JDI provide communications link capability.

The latter stages of ascent, after TDRS handup between 7 and 8 minutes MET, are supported by TDRS.
The TDRS network has more user requirements than can be accommodated thus requiring priority
scheduling. TDRS schedul e should include uninterrupted communications through the latest under speed
MECO that occurs no later than MET 13 minutes. An additional 2 minutes to assess the situation and
provide maneuver direction to the crew can be accomplished by a well-practiced MCC team. This means
that TDRS scheduling should support through MET 15 minutes at a minimum.

To ensure mission success for rendezvous missions and to resolve any anomalies that may have occurred
during ascent, it is prudent and highly desirable to have the maximum available communications
capability through OMS-2 cutoff. Following that, to ensure timely anomaly resolution and to provide the
maxi mum efficiency and mission success through the complex tasks of early post insertion (OPS 2
transition, opening payload bay doors, initiating radiator cooling, etc.), communicationsisvital. GO
for Orbit Ops normally occurs at about 1 hr 30 min MET.

From the TDRS per spective, command, telemetry, and voice are either both available simultaneously or
not; they are not independent. ®[CrR5501 |
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2. RTLS, TRANSATLANTI C ABORT LANDI NG ( TAL): CONTI NUQUS Al R-
TO- GROUND VA CE, COMVAND, TELEMETRY, AND TRAJECTORY
PROCESSI NG ARE MANDATORY FOR RTLS OR TAL FOLLOW NG ABORT
DECLARATI ON THOUGH | NTACT ABORT LANDI NG | NCLUDI NG POST-
LANDI NG @[cr5501 ]

This reguirement for TAL may be met by the use of an emergency Satellite Handover (SHO) for the
TDRS network since landing occurs at approximately MET 37 minutes. RTLS requirements may be
covered by scheduling MILA alone. The declaration of an RTLSor TAL abort resultsin procedures that
involve additional risk. MCC support isrequired and will normally be available throughout the RTLS or
TAL. Thisincreased insight into systems performance and additional expertise significantly increases
the probability of a successful landing with a vehicle that has already had a major systems failure. A/G
voiceis required to coordinate any recommendations to the crew and to relay to the crew final weather,
runway, landing aid, and major systems status.

3. ABORT TOORBIT (ATO, ABORT ONCE AROUND ( AQA): FOR THE
PERI OD FROM MET 15 MI NUTES THROUGH LANDI NG FOR AQA OR
LANDI NG FOR FI RST DAY PRI MARY LANDI NG SI TE (PLS) OR
THROUGH GO FOR ORBIT OPS FOR ATO, IT IS H GHLY DESI RABLE
TO HAVE THE MAXI MUM DURATI ON OF COVERAGE PGCSSI BLE FOR
Al R-TO- GROUND VA CE, COMVAND, TELEMETRY, AND TRAJECTORY
PROCESSI NG

4. ASCENT TRAJECTORY PROCESSI NG SUPPORT

a. ASCENT RADAR TRACKING  DUAL TRACKING IS H GHY
DESI RABLE FROM EI THER ONE S- BAND AND ONE G- BAND, OR
TWO G BANDS FROM LI FTOFF THROUGH MECO PLUS 1 M NUTE.

Dual sourcetracking is desired to allow monitoring of the health of onboard navigation during powered
flight, to provide delta state uplink capability to correct extreme onboard navigation errors which could
result in unsafe or mission-limiting MECO conditions for an ascent to orbit or an RTLS, and to provide
an independent ground navigation source for ascent performance boundary calls. To obtain an accurate
post-MECO ground filter vector, a minimum of 1 minute of tracking post-MECO is required for
processor convergence. An accurate post-MECO ground filter vector may be used to update onboard
navigation before OMS-2 if required to significantly decrease delta-V cost due to planar error for
ground-up rendezvous flights, or before OMS-1 or OMS-2 if the gain in delta-V capability would prevent
ascent capability downmoding. e[crR5501 ]
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Ground tracking through MECO+1 is highly desirable rather than mandatory because flight history and
Mean Time Between Failures (MTBF) data show that the probability of either software or hardware
failures corrupting onboard navigation during ascent are extremely small. MTBF studies for the high
accuracy inertial navigation system (HAINS) inertial measurement units (IMU’s), general purpose
computers (GPC'’s), and multiplexer/demultiplexers (MDM’s) indicate a probability of loss of two IMU’s
to be on the order of 10'°. Although recovery of corrupted onboard navigation by means of a powered
flight delta state is theoretically possible, and would be attempted if required, success at all times during
the ascent is not a certainty. With regard to onboard navigation errors which are not large enough to
pose a safety concern, but which could affect the mission, the history of post-MECO state vector updates
shows that although there are worthwhile paybacks in propellant margin, their absence would not
adversely impact propellant budgets. For these reasons, ground-tracking requirements through MECO
for due east launches was abandoned by the shuttle program as a cost savings measure. Ground
tracking through MECO +1 is only available for high inclination launches. @®[cr5501 ]

Upon removal of the Range Safety destruct package from the external tank, the flight cre/MCC assumed
responsibility for public safety during second stage. The tracking navigation state precludes limit line
violation due to severe onboard navigation problems (state vector update or manual MECO) and
prevents loss of External Tank Impact Point (ET IP) prediction due to telemetry loss/data dropouts. At
the existing limits of ground tracking, ET IP no longer endangers North American landmasses or

islands.

Ground radar tracking is only highly desirable for NASA purposes during the early phases of ascent as
shown by the tables in Rule {107_3A-4}, INTEGRATED NETWORK FAILURE DECISION MATRIX.
Note that the Eastern Range has a more constraining requirement. If all east coast radars are
functioning, for high inclination launches radar tracking can be extended to nominal MECO plus 1
minute. For low inclination launches, radar tracking islost prior to 8 minutes MET. Itisdesirableto
have ground radar verification of the MECO state.

b. RTLS ENTRY RADAR TRACKING TRACKING I S H GHLY
DESI RABLE FROM EI THER ONE S- BAND AND ONE G- BAND, OR
TWO G BANDS FROM RTLS MECO TO 100K FEET.

Thetrajectory server upgrade (TSU) trajectory processor Kalman filter cannot meet ground accuracy
requirements with only one source of tracking data; the filter requires at least two sources. The 100K-
feet altitude constraint was chosen to allow sufficient time to assess the vehicle energy conditions and to
update onboard navigation state (after nominal TACAN acquisition) in order to correct a violation of
delta state limits. Dual tracking capability also allows time to GCA to within guidance limits prior
toTAEM. @®[CcR5501 ]
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c. AQGA/PLS: DUAL TRACKI NG CAPABI LI TY ABOVE 100K FEET IS
H GHLY DESI RABLE BUT |'S NOT SCHEDULED FOR ACA AND PLS
DECRBI T. @[cr5501 ]

In the event that a delta stateis uplinked, it allows proper onboard verification to be performed through
100K feet (tracking not required below 100K feet).

d. FD1 PLS ONLY: AT LEAST ONE TDRS OR TWO C- BAND RADAR
PASSES ARE REQUI RED TO SUPPORT PRE- DEORBI T STATE
VECTOR ACCURACY.

For AOA and PLSdeorbits, best effort call up of high speed tracking resources is accepted (ref. Rule
{A3-102}, STDN FAILURE DECISION MATRIX). The time between launch and landing for an AOA
deorbit is short enough to consider onboard navigation autonomous, and although best effort tracking
call up will be requested, it is not mandatory. Thereis a high probability of obtaining PLStracking
support from KSC or EDW area radars on a best effort basis if the ranges are given more than 3 hours
advance notice. Thereislittle chance of obtaining such support for a Northrup Lakebed Landing Ste
(NOR) PLSdeorbit unless the request is made during duty hours. Tracking support is virtually assured
at all three CONUS sites, given 24 hours notice (ref. AEFTP #82 minutes). ®[ED ]

Post MECO tracking is required for flight day 1 deorbit cases in order to ensure the onboard state
vector meets deorbit burn accuracy requirements. For high inclination launches (57 deg. and 51.6 deg.),
at least one TDRSisrequired for orbit 3 cases, because the ground tracks for orbits 1 through 3 do not
permit adequate C-Band coverage (ref. Rules {A4-101}, ONBOARD NAVIGATION MAINTENANCE,
and {A3-102}, STDN FAILURE DECISON MATRIX - Note[2]). ®[ED ]

e. FOR COW T TO LAUNCH AND SCHEDULI NG PURPCSES, END
OF M SSI ON (EOM) DUAL TRACKI NG CAPABI LI TY (TWD G
BANDS OR ONE S- BAND AND ONE C- BAND) FROM ABOVE
100K FT TO THE GROUND |'S NOT REQUI RED. |F ANY OF
THE CAPABI LI TIES LI STED | N PARAGRAPH B3 BELOW ARE
NOT EXPECTED TO BE AVAI LABLE PRI OR TO DEORBIT TI G

SCHEDULI NG EOM DUAL TRACKI NG BECOVES NMANDATORY.
®[CR5501 ]
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5.  REDUNDANCY FOR ASCENT | NCLUDI NG | NTACT ABORTS: @[cR5501 ]

a.

REDUNDANCY | N EQUI PMENT AND NETWORK SCHEDULI NG FOR
Al R-TO- GROUND VA CE, COMVAND, TELEMETRY, AND
TRAJECTORY PROCESSI NG SHALL BE PLANNED AND SCHEDULED
FOR LAUNCH THROUGH GO FOR ORBIT OPS OR | NTACT ABORT
LANDI NG NOTE: FOR TDRS SCHEDULI NG, REDUNDANCY | S
NOT REQUI RED.

CONSI DERATI ON W LL BE G VEN TO ATTEMPTI NG TO REGAI N
FAI LED REDUNDANT EQUI PMENT | F THE RECOVERY W LL NOT
AFFECT THE REMAI NI NG MANDATORY EQUI PMENT AND RECOVERY
PROCEDURES ESTI MATED TI ME OF RETURN TO OPERATI ON
(ETRO) I'S PRIOR TO THE NOMI NAL PLANNED TI ME FOR
COM NG QUT OF THE T- 9 M NUTE HCOLD.

RECOVERY EFFORTS FOR FAI LED REDUNDANT EQUI PMENT | N
THE MCC AND | NTEGRATED NETWORK W LL NOT BE PERFORVED
BETWEEN T-9 M NUTES AND COUNTI NG AND MET 15 M NUTES
OR LANDI NG FOR RTLS OR TAL.

B. DEORBI T/ ENTRY

1. PRE-DEORBIT. IT IS H GILY DESI RABLE TO HAVE THE
MAXI MUM DURATI ON OF COVERAGE PGOSSI BLE FOR Al R- TO- GROUND
VA CE, COMVAND, TELEMETRY, AND TRAJECTORY PROCESSI NG
FROM TIG -4 HR TO DECRBI T DECI SI ON. REDUNDANCY | S
DESI RABLE BUT NOT REQUI RED.

Preparing the orbiter for entry includes a number of complex and critical steps such as moding flight
software to OPS 3, closing the payload bay doors, activating Flash Evaporator System (FES) cooling.
Having MCC connectivity to troubleshoot any anomalies that may occur is very useful. Additionally,
MCC is prime to provide deorbit maneuver targets and to assess landing site readiness including
weather. Deorbit decision timeisnormally TIG -23 minutes. ®[CR5501 ]
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GROUND AND NETWORK DETAI LED REQUI REVENTS
( CONTI NUED)

DECRBI T DECI SION. GROUND AND | NTEGRATED NETWORK

EQUI PMENT FUNCTI ONALIT TY AND SCHEDULI NG MUST PROVI DE Al R-
TO- GROUND VA CE, COWAND, TELEMETRY, AND TRAJECTORY
PROCESSI NG FROM THE MCC GO FOR DEORBI T TO POST LANDI NG
REDUNDANCY FOR MANDATORY FUNCTIONS |'S H GHLY DESI RABLE
BUT NOT REQUI RED. @[crs501 ]

UHF TWO-VWAY VO CE | S H GHLY DESI RABLE DURI NG ENTRY TO KSC
OR DFRC VWHEN | N RANGE OF THE GROUND STATI ON AS A BACKUP
TO S-BAND VO CE. S BAND VA CE IS MANDATORY AS DESCRI BED
ABOVE.

Monitoring vehicle systems, energy management, anomaly resolution, and landing site evaluation from
touchdown parameters to weather conditions is the primary job of the MCC during shuttle entry.

3.

TRAJECTORY PROCESSI NG SUPPORT FOR ENTRY:

| F ALL OF THE CAPABI LI TI ES LI STED BELOW ARE EXPECTED TO
BE AVAI LABLE PRIOR TO DEORBIT TI G C BAND TRACKI NG | S NOT
MANDATORY. S-BAND TRACKI NG IS H GHLY DESI RABLE | N THE
ABSENCE OF C-BAND TRACKING | F DURING THE M SSI ON ANY OF
THE FOLLOW NG CAPABI LI TI ES ARE LOST, EOM DUAL TRACKI NG
CAPABI LI TY BECOVES MANDATORY FOR COW T TO DECRBI T:

a. IMJS  FULL REDUNDANCY (THREE LI NE REPLACEABLE UNI TS
(LRU S) AND ASSOCI ATED DATA PROCESSI NG SYSTEM ( DPS)
AND ELECTRI CAL PONER SYSTEM ( EPS) FUNCTI ONALI TY) .

b. ONBOARD TACAN: FULL REDUNDANCY (THREE LRU S AND
ASSOCI ATED DPS AND EPS FUNCTI ONALI TY). @[cR5501 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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107_3A-3 GROUND AND NETWORK DETAI LED REQUI REVENTS
( CONTI NUED)

c. ONBOARD M CROMVE LANDI NG SYSTEM (M.S): FULL
REDUNDANCY ( THREE LRU S AND ASSOCI ATED DPS AND EPS
FUNCTI ONALI TY) REQU RED IF M.S | S REQUI RED FOR
LANDI NG ( REF RULE {A3-202}, M.S). @[CR5501 ] ®ED ]

d. GROUND TACAN STATIONS: TWDO STATI ONS AVAI LABLE AND
CONFI RVMED OPERATI ONAL W THI N SPECI FI CATI ONS ( REF RULE
{A8-52B}. 2, SENSOR FAILURES). FEDERAL AVI ATI ON
AGENCY ( FAA)/ USAF SPECI FI CATI ONS ARE NOT ADEQUATE
(REF NSTS 07700, VOL X, BOOK 3, PARAGRAPH 1.3.1.1.1).

In order to maximize launch probability by alleviating C-Band tracking data scheduling conflicts with
the Eastern Range Operations Control Center (ROCC), the mandatory requirement for scheduling dual
source high speed tracking for EOM is eliminated, provided that sufficient redundancy is available
(TACAN and IMU) to correct the navigation state prior to violation of entry guidance limits. If sufficient
redundancy is lost during the mission, dual source high-speed tracking becomes mandatory for commit
to deorbit. The TSU trajectory processor Kalman filter cannot meet ground accuracy requirements with
only one source of tracking data. Thefilter requires at least two sources. The 100K-feet altitude
constraint was chosen to allow sufficient time to assess the vehicle energy conditions and to update
onboard navigation state (after nominal TACAN acquisition) in order to correct a violation of delta state
limits. This requirement also allows time to GCA to within guidance limits prior to TAEM.

With three functioning IMU’ s and the associated DPSEPS equipment, the first failureis fully protected
by redundancy management. When two IMU’s are available, 95 percent of the cases involving the
second failure are properly resolved by the IMU RM which uses the IMU BITE logic.

With three functioning onboard TACAN transceivers and their associated DPS equipment, the first
failureisfully protected by redundancy management. When two TACAN's are available, 90 percent of
the cases involving the second failure are covered with TACAN self-test.

With three functioning onboard MLS transceivers and their associated DPS equipment, thefirst failureis
fully protected by redundancy management. When two MLS s are available, a dilemma between the
LRU’swill remain unresolved unless a BITE had been previously set against one of the LRU’s. If the
dilemma is unresolved, MLS may not process at all (for range/azimuth dilemmas) or only partially
process (for elevation dilemmas). For dayswhen MLSisrequired as defined in Rule {A3-202}, MLS
ground tracking is required to resolve dilemmas in order to make the MLS usable. Reference Rule {A8-
18A}, LANDING SYSTEMS REQUIREMENTS. ®[CR5501 ] ®[ED ]

TH'S RULE CONTI NUED ON NEXT PAGE
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107_3A-3 GROUND AND NETWORK DETAI LED REQUI REVENTS
( CONTI NUED)

To ensure that valid TACAN data are available, both primary and secondary ground stations must be
confirmed to be within programmatically required limits (NASA operational requirements of 1 degree
and 0.3 mile per Rule {A8-52B}.2, SENSOR FAILURES rather than FAA/Department of Defense (DOD)
certification (2.5 degrees and 0.5 mile per NSTS 07700, Vol X specification). With the pre-deorbit
ground station checks, full single fault tolerance exists. If both the primary and the secondary ground
stations were to fail after deorbit, the MCC can uplink another TACAN station. ®[CR5501 ] ®[ED ]

Any failurein either the onboard IMU’s, TACAN's, MLS's, or TACAN ground stations which resultsin
loss of single fault tolerance for entry will require that high speed tracking be provided for EOM.

S-band data is highly desired because it may provide insight in the case of a TACAN bias, although it
cannot by itself be used as a source of “ ground truth.”

In relaxing the tracking data requirement from mandatory to highly desirable, it is understood and
acknowledged to be an acceptable risk to rely totally on TACAN as required to achieve a safe landing.
If the normal ceiling limit exists, and TACAN data is not processed by navigation, and no independent
valid tracking data are present, the vehicle is unlikely to achieve the runway.

4. POST LANDI NG GROUND EQUI PMENT WLL PROVIDE FOR AIR-TO
GROUND VA CE, COWAND, AND TELEMETRY FROM LANDI NG UNTI L
VEH CLE HANDOVER TO GROUND OPERATI ONS MANAGER (GOM) .
REDUNDANCY | S NOT REQUI RED. @[cr5501 ]
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107 _3A-4 | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X
ASCENT AND INTACT ABORT LANDINGS AT KSC
ASCENT/RTLS KSC
SITE STATION | rvpe | RQMNT HIGHER | TAL | AOA & 1ST
ID
28.5INC INC DAY PLS
JONATHAN
DICKINSON
MISSILE
JDIS S-BD
TRACKING TLM
ANNEX DIL VOICE 10F2M 10F2M
(JDMTA)
PDL S-BD 14 CMD
PONCE DE U/L VOICE
LEON 1 OF 2 HD 10F2M
FIXED [1] [2]
DIPOLE UHE VOICE
MILS S-BD 30-1 | CMD
TLM 10F2M 10F2M 10F 2 HD
MLXS S-BD 30-2 | VOICE
MILA
TELTRAC
UHE VOICE 10F2M 10F2M 1 OF 2 HD
QUAD HELIX
CMD
TLM M [3] M [3] M M [5], [6]
TDRSS WwSsC S-BD VOICE
| TRK HD HD M [5]
CMD
WLPS S-BD 30 TLM HD
WALLOPS VOICE
| QUAD HELIX | UHF VOICE 10F 1 HD
MERRITT MLAC FPQ-14
ISLAND MLMC MCB-17 RADAR TRK
PATRICK PATC FPQ-14 RADAR TRK
NOT SCHEDULED
CNVC FPS-16 2 OF 6 HD 2 OF 6 HD ACCEPT BEST
CANAVERAL CMTC MOTR RADAR TRK EFFORT CALLUP
MILS
MILA OR S-BD $§E‘G'NG
MLXS
WLPC FPQ-6
WALLOPS WLRC FPS-16 RADAR TRK 2 OF43 HD
WLIC FPS-16 4l
®[CR5501 |
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107 _3A-4 | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X
( CONTI NUED)
INTACT ABORT LANDINGS AT EDWARDS OR NORTHRUP STRIP
EDW NOR
SITE STATION ID TYPE RQMNT AOA & 1ST AOA & 1ST
DAY PLS DAY PLS
ATF1 M
S-BD-21 CMD 1 OF 2 HD
DRYDEN ATF2 VOICE
PARABOLIC DISH | UHF VOICE 1 OF 3HD
CMD
TDRSS WSC S-BD TLM M [6] M [6]
VOICE
SAL UHF OMNI
NORTHRUP
NORTHRUP VOICE 20F2HD
STRIP STRIP UHF OMNI
PPMC MPS-36
PT.PILLAR RADAR TRK
PTPC FPQ-6
VDHC FPQ-14
VDBC TPQ-18
VANDENBURG RADAR TRK NOT SCHEDULED
VDSC FPS-16 ACCEPT BEST
EFFORT CALLUP
VDMC MOTR
FRCC RIR-716 NOT SCHEDULED
EDWARDS/ ACCEPT BEST
DRYDEN FDRC RIR-716 RADAR TRK EFFORT CALLUP
EFFC FPS-16
HOLC FPS-16
WHITE SANDS WHSC FPS-16
MISSILE RANGE RADAR TRK
WSSC FPS-16
WSMC MOTR
®[CR 5501 |
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107 _3A-4 | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X
( CONTI NUED)
| END OF MISSION — 2ND DAY PLS THROUGH NOMINAL EOM
NORTHRUP
SITE STATION ID TYPE RQMT KSC EDWARDS STRIP
WEST EIK/INIID M M M
TDRSS EAST S-BD VOICE M
ANY TRK M M M
RANGING TRK HD
TLM
MILS S-BD 30-1 CMD 1 O'}? HD
MILA VOICE
MLXS S-BD 30-2
TELTRAC
QUAD HELIX UHF VOICE 10F 2HD
MERRITT MLAC FPQ-14
ISLAND MLMC MCB-17
PATRICK PATC FPQ-14 RADAR TRK | 2 OF5HD
CNVC FPS-16
CANAVERAL oMTC VOTR
ATF1 ™
S-BD 12 CMD 10F 2 HD [8]
DRYDEN ATF2 VOICE
PARABOLIC DISH UHF VOICE 1 OF 3HD
PT. PILLAR PPMC MPS-36 RADAR TRK ANY 2
PTPC FPQ-6 RADARS
VDHC FPQ-14 FROM
VDBC TPQ-18 PT. PILLAR
VANDENBURG /roe FPS-16 RADAR TRK VANDENBURG
VDMC MOTR EDWARDS
K OR DRYDEN
EDWARDS/ FRCC RIR-716
DRYDEN FDRC RIR-716 RADAR TRK
EFFC FPS-16 HD
SAL UHF
NORTHRUP VOICE 2 OF 2 HD
STRIP NORTHRUP STRIP | UHF OMNI
WHITE SANDS | HOLC FPS-16
MISSILE WHSC FPS-16
Pyt WSSC EPS10 RADAR TRK 2 OF 4 HD
WSMC MOTR
®[CR 5501 ]
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107_3A-4 | NTEGRATED NETWORK FAI LURE DECI SI ON MATRI X

( CONTI NUED)

NOTES: ®[CR5501 ]

(1
(2

FOR MISSIONS WITH AN INCLINATION OF 28.5 DEGREES, PDL S-BAND AND UHF UPLINK IS HIGHLY DESIRABLE.

FOR MISSIONS WITH AN INCLINATION GREATER THAN 28.5 DEGREES, PDL CMD OR UHF UPLINK IS REQUIRED
DUE TO MIL UHF BEING BLOCKED BY THE SRB PLUME.

[3] ANY TDRS EAST IS MANDATORY.

[4] FOR 57-DEGREE MISSIONS ALL THREE RADARS ARE SCHEDULED. ONLY WLPC AND WLRC ARE SCHEDULED
FOR OTHER MISSIONS GREATER THAN 28.5 DEGREES.

5] ONE TDRS REQUIRED TO ENSURE PRE-BURN STATE VECTOR ACCURACY FOR FIRST DAY PLS DEORBIT IF
ONBOARD GPS IS FAILED.

[6] ANY TDRS WEST IS MANDATORY FOR AOA AND FIRST DAY PLS.

[7] ANY TDRS EAST OR MILA IS MANDATORY TO COVER THE LAST PHASE OF KSC LANDING AND POST LANDING
SUPPORT UNTIL VEHICLE IS HANDED OVER TO GOM.

8] ANY TDRS WEST OR DFRC IS MANDATORY TO COVER THE LAST PHASE OF EDW LANDING AND POST LANDING
SUPPORT UNTIL VEHICLE IS HANDED OVER TO GOM. ®[CR 5501 ]
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107_3A-5 CRI TI CAL LAUNCH SYSTEMS RECOVERY TI MES
DESCRIPTION EQUIPMENT | SELECTOVER | pecrore
SYSTEM SERVICE OF TIME
EQUIPMENT REQUIRED/ |\ o or | REDUNDANCY
SCHEDULED MAN) FOLLOWING
TOTAL REPAIR
CCE CMD & A/G VOICE FEP - UPLINK 10F 2/3 30 SECONDS (M) 10 MINUTES FEP RE
CONSOLIDATED TLM & A/G VOICE FEP- DOWNLINK/REAL TIME 10F 2/3 30 SECONDS (M) 10 MINUTES REBOO
COMMUNICATION TRK DATA FEP-GROUND-TO-GROUND 10F 2/2 20 SECONDS (M) 10 MINUTES CONSIs
FACILITY
ALL CDSS BUILT IN N/A BUILT IN CDSS C
PROCESSES AND REDUNDANCY REDUNDANCY ROUTIN
ROUTES ALL DATA ALL NASCOM IP EQUIP. 1OF 2/2 30 SECONDS (M) 15 MIN. LAUNCI
COMING IN AND OUT
OF THE MCC ALL NASCOM IP CIRCUITS MULTIPLE 1 SECOND (A) SEENOTE 1 NOTE 1
REPAIR
UPLINK & MDM 10F 2/2 30 SECONDS (M) 10 MINUTES SERVIC
DOWNLINK
TLM & CMD LAN I/F GIGASWITCH 10F 2/2 30 SECONDS (A) REBOOT 1 MINUTE
CEM (CCF ELEMENT 1OF 2/2 4 MINUTES (M) REBOOT 6 FAILURI
MANAGER) MINUTES AND CC
CONFIC
VOICE S-BAND A/G VOICE AGVE 10F 2/3 5 SECONDS (M) HARDWARE ASSUMI
ALL VOICE REPAIR
COMMUNICATIONS UHF A/G VOICE UHF 10F2 1 MINUTE (M) HARDWARE
IN/OUT OF MCC REPAIR
ALL VOICE DVIS BUILT IN BUILT IN BUILT IN DVIS CF
REDUNDANCY REDUNDANCY REDUNDANCY AND RE
LAUNCH
®[CR 5501 ]
TH S RULE CONTI NUED ON NEXT PAGE
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107 _3A-5 CRI TI CAL LAUNCH SYSTEMS RECOVERY TI MES ( CONTI NUED)
RO | _averace | SERACE
DESCRIPTION EQUIPMENT SELECTOVER RESTORE
SYSTEM SERVICE OF TIME
EQUIPMENT REQUIRED/ (AUTO OR REDUNDANCY
SCHEDULED MAN) FOLLOWING
/TOTAL REPAIR
LANS BRIDGES 1 OF 2/2 30 SECONDS (A) REBOOT: 1 BRIDGE
DATA MINUTE SECONI
COMMUNICATION
TRANSFER FOR CONCENTRATORS 1 OF 2/2 1 SECOND (A) REBOOT: 1 WS'S F/
W/S'S MINUTE IMMEDI,
FAILURI
SEGMEI
TO DAT
TSuUP TRAJECTORY TSUP SERVERS - 10F 2/3 1 SECOND (M) REBOOT: 5 TSUP R
(TRAJECTORY PROCESSING HARDWARE/OS MINUTES REBOO
SUBSYSTEM TRAJECTORY SOFTWARE FAILED
UPGRADE APPLICATION - SOFTWARE
PROJECT)
- PROVIDES
TRAJECTORY
PROCESSING
PLATFORM MCC NETWORK CM SERVERS -PLATFORM 1 OF 2/2 45 SECONDS (A) REBOOT: 25 CM SER
SERVERS USER SERVICES SERVICES MINUTES SECONI
CMD, HA SERVERS (READ/WRITE) 10F 1/2 50 MINUTES (A) REBOOT: 15 SERVEF
TRAJECTORY & MINUTES SERVIC
TLM PROCESSING FOR FU
DELAYS
NETWORK NAME SERVERS (NETWORK 1 OF 2/2 1 MINUTE (A) REBOOT: 5
REGISTRATION SERVICES) MINUTES
CLOCK & GROUP VTS SERVER 1 OF 2/4 30 SECONDS (A) REBOOT: 5
DISPLAYS MINUTES
COMMAND COMMAND COMMAND SERVERS 10F 1/5 1 MINUTE (A) REBOOT: 5 FOLLOV
PROCESSING MINUTES COMMA
5-15 MIM
®[CR5501 |
THI' 'S RULE CONTI NUED ON NEXT PAGE
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107 _3A-5 CRI TI CAL LAUNCH SYSTEMS RECOVERY TI MES ( CONTI NUED)
DESCRIPTION EQUIPMENT | SELECTOVER RESTORE
SYSTEM SERVICE OF TIME
EQUIPMENT REQUIRED/ (AUTO OR REDUNDANCY
SCHEDULED MAN) FOLLOWING
ITOTAL REPAIR
W/S'S USER WORKSTATION DEC ALPHA STATIONS MULTIPLE GO TO B/U REBOOT: 15 MIN USER
USER I/F DEVICE POSITION (M) ACTIVI
RIS DL: 30 MIN OPER/
REBO(
REPLACE UNIT W/S H,
REQUI
DOLILU DOLILU PROCESSING IPS W/S'S & FILE SERVERS, 10F 2/2 6 MINUTES (M) 6 MINUTES ILOAD
DAY OF LAUNCH COMM MUX, FSH & MOC,
ILOAD UPDATE NASCOM 2000
EQUIPMENT AIR BUILDING 30S CRITICAL EQUIPMENT 4 OF 6/6 AUTOMATIC AIR HANDLERS WITHC
HANDLERS DOWN
DVIS UNDER FLOOR DVIS UNDER FLOOR 10F 2/2 AUTOMATIC HARDWARE REPAIR | WITHC
SHUT
DVIS OVERHEAD DVIS OVERHEAD 10R2/2 AUTOMATIC HOURS SHUT
PERM:
EQUIPMENT POWER CRITICAL EQUIPMENT | BUILDING 30S AX BUS 10F 2/2 AUTOMATIC AUTOMATIC AUTO!
CRITICAL EQUIPMENT | BUILDING 30S A BUS 10F 2/2 AUTOMATIC AUTOMATIC BACKLU
START
LOST.
HIGHLY DESIRABLE BUILDING 30S BX BUS 10F 2/2 MANUAL 30 MIN MANU,
HIGHLY DESIRABLE BUILDING 30S B BUS 10F 2/2 MANUAL 30 MIN TRANS
LOST.

®[CR5501 |

NOTE: RECOVERY TIMES DO NOT INCLUDE FAULT ISOLATION, HARDWARE, AND SOFTWARE REPAIR TIME ®[CR 5501 ]
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107_3A-6 TRAJECTORY SERVER FAI LURES

A. A TRAJECTORY SERVER | S CONSI DERED FAI LED FOR ANY OF THE
FOLLOW NG CONDI TI ONS:  @[cR5545 ]

1. ERRCORS IN ONE OR BOTH COMPUTERS THAT AFFECT REQUI RED
PROCESSI NG LI STED I N RULE {A3-51}, TRAJECTORY PROCESSI NG
REQUI REMENTS e[ED ]

2. ERRORS W TH SECONDARY | NDI CATI ONS OF COVWPUTER PROBLEMS
(SUCH AS ERRORS OF DI FFERENT TYPES, EXCESSI VE CPU USAGE,
CORRUPTED TELEMETRY OR TRAJECTORY PROCESSI NG, ETC.)

Errors can occur in the prime and backup trajectory server with no impact to processing. If one or more
errors occur, and do not affect required processing, the computer is not considered failed.

| B. | F THE PRI VE TRAJECTORY SERVER |'S CONSI DERED FAI LED, AND A
BACKUP TRAJECTORY SERVER | S AVAI LABLE, A SELECTOVER W LL BE
‘ PERFORVED. ®[cR5635 |

Two redundant trajectory serverswill be maintained at all times during this flight to assure availability
of trajectory processing.

The third trajectory server will also be configured to the mission activity for all critical phases asa
“ gtatic standby” and during all other mission phases where not required by another activity.

| C. TRAJECTORY SERVER COW T TO LAUNCH AND REDUNDANCY
REQUI REMENTS ARE DEFI NED I N RULE {107_3A-3}, GROUND AND
NETWORK DETAI LED REQUI REMENTS AND RULE {107 _3A-5}, CRITICAL
LAUNCH SYSTEMS RECOVERY Tl MES. @[crRs545 |

Three Trajectory Serverswill be supporting launch. If the prime and backup Trajectory Servers
suffer unrecoverable failures, only the third Trajectory Server remains available for flight use.
However, this systemwill not be a “ hot backup,” and thus some level of configuration of the third
Trajectory Server to flight-ready statusisrequired. ®[CR 5545 ]

Per Rule {A3-51}, TRAJECTORY PROCESSING REQUIREMENTS launch will be No-Go until an
ARD isreconfigured for launch since required processing would otherwise be unavailable. ®Eb ]
®[CR 5635 |
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SECTION 4 -

TRAJECTORY AND GUI DANCE

PRELAUNCH ASCENT/ ENTRY

107_4A-1

TRAJECTORY AND GUI DANCE PARANETERS

FLI GHT SPECI FI C TRAJECTORY AND GUI DANCE PARAMETERS AS THEY RELATE
TO THE ALL FLI GHTS RULES ARE LI STED I N THE FOLLOW NG TABLE:

RULE REFERENCE PARAMETER VALUE
ALL NOMINAL THROTTLE 104%
ALL ABORT THROTTLE 104%
ALL MAX THROTTLE 109%
ALL THRUST BUCKET 104/72%
{A4-55} DELTA V ABOVE AFT PRESS QTY 100.9 FPS
{A4-1A} 2 SIGMA + MEAN INFLT FPR 2058 LBS
{A4-1B} 3 SIGMA + MEAN INFLT FPR 3047 LBS
{A2-52}, {A4-55} MINIMUM HP 85 NM
{A4-55} DESIGN MECO UNDERSPEED 240 FPS
{A4-55} CRITICAL MECO UNDERSPEED 1EO 474 FPS
2EO 450 FPS
{A4-57A} NOMINAL 40 FPS
{A2-205B} UNDISPERSED CROSSRANGE:
ASCENDING/LEFT 835 NM
ASCENDING/RIGHT N/A
DESCENDING/LEFT 840 NM
DESCENDING/RIGHT N/A
{A4-107A} DISPERSED CROSSRANGE:
ASCENDING/LEFT 770 NM
ASCENDING/RIGHT N/A
DESCENDING/LEFT 781 NM
DESCENDING/RIGHT N/A NM
| {A4-159} CONT PAYLOAD RETURN AFTER ORBIT 3 N/A

‘ ®[CR5535 | ®[ED ]

* ALL RIGHT TURN APPROACHES TO CONUS SITES ARE WITHIN CROSSRANGE CAPABILITY.
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107_4A-2 PAYLOAD ALTI TUDE REQUI REMENTS @[crRS5541 ]

A.  SPACEHAB HAS NO UNI QUE ALTI TUDE REQUI REMENTS. SPACEHAB
EXPERI MENT MSTRS DESI RES AS CLOSE AS POSSI BLE TO THE
NOM NALLY PLANNED ALTI TUDE OF 150 NM

MSTRS preplanning has involved coordination and scheduling of numerous cooperative ground sites.
Altitudes lower that 150 nm translate to smaller antenna fields of view and thereby decrease time
available for signal acquisition and processing. In addition, some ground sites will not be available at a
lower altitude. A lower altitude will result in a need to reschedul e cooperative ground sites, and could
possibly result in loss of availability of some sites, with resultant sciencelosses. ®pNo1 ]

B. FREESTAR HAS NO UNI QUE ALTI TUDE REQUI REMENTS. FREESTAR
ORBI TAL REQUI REMENTS ARE AS FOLLOWS:

1. I N AN ABORT TO ORBI T SCENARI O, FREESTAR PREFERS | NCREASED
| NCLI NATI ON OVER | NCREASED ALTI TUDE.

2. SOLSE-2 REQUI RES A NEAR Cl RCULAR ORBI T @[CR5541 ]

SOLSE-2 highly desires to be operated at the highest inclination possible to increase in-flight correlation
opportunities with ground-truth measurements.
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ORBI T GENERAL

107_4A-11 ORBI TAL MANEUVER CRI TI CALI TY AND DEFI NI TI ONS

A, ALL STS-107 ORBIT MANEUVERS ARE CLASSI FI ED AS “CRI TI CAL” OR
“NONCRI TI CAL” AS FOLLOWE:

MANEUVER CLASSIFICATION VGO TRIMS (FPS)
OMs-1 CRITICAL FOR CREW SAFETY (IF REQUIRED) |[EACH VGO| < 2
OMS-2 CRITICAL FOR CREW SAFETY |[EACH VGO| < 2
ORBIT ADJUST (OA) | NONCRITICAL |[EACH VGO| < 0.2
DEORBIT CRITICAL FOR CREW SAFETY [VGOX/Z]| < 2; DO NOT TRIM VGOY
®[CR 5895A |

Maneuvers listed are not necessarily in time order of execution.

OMS1 (if required), OMS-2 and deorbit are always considered critical to the crew’ s safety because they
may entail atmospheric reentry if TIG is delayed or an underburn is performed.

Orbit Adjust are considered noncritical in the sense that they may be slipped at |least one orbit, or
deleted, without impact to crew safety or mission SUCCeSS. ®[CR 5895A |

B. CHANGES TO THE PREFLI GHT PLANNED MANEUVER SEQUENCE W LL BE
COORDI NATED W TH THE PAYLOAD CUSTOVERS AS FOLLOWE:

THE SPACEHAB CUSTOMER, THE GSFC POCC, AND DOD REP W LL
BE NOTI FI ED DAI LY OF CHANGES TO THE PREFLI GHT BURN PLAN
W TH ESTI MATES OF THE MAGNI TUDE OF EACH BURN. I N THE
EVENT OF ANY UNSCHEDULED BURN, THEY WLL BE NOTI FI ED AS
SOON AS PGSSI BLE.

The burn plan information is required to plan experiment operations which are affected by OMSRCS
contamination or accelerations environments. Some door s/covers may need to be closed for certain
burns. In the event of any unscheduled burn, such as a collision avoidance burn, at least 15 minutes are
required to compute and prepare the burn PAD. The payl oads can use this time to perform commanding
to minimize the impact to science.
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107_4A-12 EOM ORBI T ADJUST BURNS

A. | F PROPELLANT IS AVAI LABLE, ORBI T ADJUSTS MAY BE PERFORMED
TO | NCREASE THE NUMBER OF DECRBI T OPPORTUNI TI ES AVAI LABLE.
IF AN ELLIPTIC ORBIT I S TARGETED FOLLON NG THE ADJUST,
STEEP DEORBI T CAPABI LI TY SHALL BE RETAI NED TO SATI SFY RULE
{A4- 103A}. 3, OFF- NOM NAL ORBI TAL ALTI TUDE RECOVERY
PRI ORI TI ES. eED ]

B. THE ORBI T ADJUST PLAN WLL ATTEMPT TO ACH EVE THE FOLLOW NG
COMBI NATI ONS OF LANDI NG OPPORTUNI TI ES STATED | N ORDER OF
DECREASI NG PRI ORI TY.  ONLY OPPORTUNI TI ES WHI CH SATI SFY THE
CREW DAY CONSTRAI NTS (REF RULE {A4-107A}.7, PLS/ EOM LANDI NG
OPPORTUNI TY REQUI REMENTS), W LL BE CONSI DERED (7 HRS < AWAKE
TI ME BEFORE LANDI NG < 16 HRS). AN ORBI T ADJUST PLAN WH CH
WOULD RESULT I N LOSS OF OPPORTUNI TIES AT A HI GHER PRI ORI TY
THAN THOSE GAI NED W LL NOT BE PERFORMED EVEN | F DAYLI GHT
OPPORTUNI TI ES ARE PROVI DED BY THE PLAN. eED ]

PRIORITY SITE EOM EOM + 1 EOM + 2

1 KSC
EDW

2 KSC
3 KSC
4 EDW
5 EDW
6 KSC
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SECTI ON 8 - GUI DANCE, NAVI GATI ON, CONTROL (GNC)

GENERAL

107_8A-1 GPS DTO 700-14 OPERATI ONS GUI DELI NES

THE FOLLON NG OPERATI ONAL TEST OBJECTI VES SPECI FI ED | N DTO 700- 14
(SI NGLE STRI NG GLOBAL POSI TI ONING SYSTEM) W LL BE PERFORMED | N
THE SPECI FI ED MAJOR MODES:

A GPS SELF- TEST (GNC OPS 801)

B. GPS SHORT AND LONG POAER CYCLES (GNC OPS 201)

C. GPS POMNER CYCLE ( GNC OPS 201, GNC OPS 301)
D.

GPS FI LTER RESTART (GNC OPS 201, GNC OPS 301)

107 _8A-2 RESERVED eDN46 ]
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107_8A-3 DEU EQUI VALENT MANEUVER COMVANDI NG DURI NG CREW
SLEEP

(REFERENCE RULES {A2-111}, DPS COWAND CRI TERI A AND {A7-108},
DEU EQUI VALENT CRITERIA. ) eED ]

A IF ACRTICAL MVANEUVER IS REQU RED, I T IS DESI RABLE TO LQAD
AS A FUTURE MANEUVER. WHEN THI S IS NOT PGOSSI BLE, CREW ALERT
SPC S WLL BE USED AS REQUI RED TO ENSURE CREW WAKEUP TO
PROTECT FOR AN UNEXPECTED LOSS OF COW

A*“ critical maneuver” is defined as any maneuver that is required to prevent the orbiter, payload or
crew constraint from being violated. In these circumstances, a future maneuver may be used to help
ensure that the violation does not occur. If it is not possible to load the future maneuver because of
other intermediate maneuvers, a stored programmed command (SPC) may be used to wake the crew if an
unexpected loss of communications occurs. Potential violations include such things as orbiter thermal
constraints, excessive propellant usage, uncomfortable cabin temperature changes, and payload
experiment objective/constraint violations. When this situation exists, “ safe” bailout attitudes and

DAP swill be provided to the crew prior to crew sleep.

B. ALL NON- STANDARD MANEUVER STARTS AND STOPS W LL BE SCHEDULED
DURI NG ACS.

In order to provide MCC monitoring, all non-standard maneuverswill be scheduled to start and stop
during AOS. Thiswill allow the MCC to monitor for any unusual and unexpected behavior such as DAP
shelf pulsing and vernier jet on-time violations. Non-standard maneuvers are those that have required a
flight-specific analysis (i.e., unusual attitude or rate deadbands and rotation rates, orbiter/HST attached
ops, loaded RMS ops, orbiter/Mir docked ops, €tc.).

TH'S RULE CONTI NUED ON NEXT PAGE
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107_8A-3 DEU EQUI VALENT MANEUVER COMMANDI NG DURI NG CREW
SLEEP _( CONTI NUED)

C. MANEUVERS DURI NG CREW SLEEP W LL NOT BE PERFORMED | F THE MCC
CANNOT CONFI RM DAP AND UNI VERSAL PO NTI NG PARAMETERS ARE
CORRECT.

Dueto TFL and/or low data rate telemetry requirements, there are times when the MCC does not have
insight into any of the DAP parameters or the universal pointing maneuver parameters. If either of these
conditions exists, no uplinks will be performed. Insight is not required during the maneuver aslong asit
is not a non-standard maneuver as described in paragraph B above.

D. IT 1S PREFERRED THAT ALL DAP LOADS W LL BE CONFI GURED BY THE
CREW PRI OR TO THE START OF THE SLEEP SHI FT.

DAP' s required during the sleep shift can be loaded by the crew prior to sleep to minimize the number of
commands needing to be sent. The MCC will then only have to command a change in the DAP number
(Al to A15 for example). Snce the MCC does not have the capability to change from DAP A to B, all
operations will be done within a specific DAP (either A or B).
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SECTI ON 7 - DATA SYSTEMS

GENERAL

107_7A-1 CONSTRAI NTS ON PORT MODI NG OR |/ O RESETS

THERE ARE NO PAYLOAD CONSTRAI NTS ON PAYLOAD MDM PORT MODI NG OR SM
| / O RESETS.

Both port moding and 1/0 resets are transparent to the STS-107 payload complement.

107_7A-2 ORBI TER DATA PROCESSI NG SYSTEM

FOR FAI LURE OF THE SM GPC | NTERFACE TO ElI THER PAYLQAD DATA BUS
RESULTI NG I N SELECTI ON OF ONLY A SI NGLE PF NDM AT A TI Mg,
SELECTI ON OF PF1 | S PREFERRED OVER PF2 FOR ALL PAYLQAD

OPERATI ONS.

The PF1 MDM provides GPC control over the Ku-band antenna, as well as communications with
FREESTAR via PSP 1. FREESTAR utilizes PSP 1 only for command throughput and is not wired to PSP
2. Ku-band operations provide command path to Spacehab, downlink of Spacehab high rate data, and
video and OCA files downlink for both Spacehab and FREESTAR..
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107_7A-3 LOSS OF ORBI TER MASTER TI M NG UNI T (MTrU)/ PAYLOAD
TI M NG BUFFER

A, SHOULD THE MIU FAIL, ALL PSP COMVANDI NG WOULD BE LOST, IN
ADDI TI ON TO TI ME Sl GNALS PROVI DED TO THE PAYLOADS VI A THE
PAYLOAD TI M NG BUFFER ( PTB) .

All PSP commanding is lost when the MTU fails. Reference Rule {107_11A-1}, PAYLOAD GROUND
COMMANDING, for impacts and wor karounds for the loss of PSP commanding. ®pN75 ]

B. THE FOLLOW NG EXPERI MENTS ARE | MPACTED BY LOSS OF TI M NG
S| GNAL:

1. SPACEHAB — LOSS OF GREENW CH MEAN TIME (GMI) | MPACTS
M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MBTRS).
LOSS OF BOTH GMI AND M SSI ON ELAPSED TI ME (MET) | MPACTS
STAR NAVI GATI ON ( STARNAV) .

The MTU supplies GMT and MET to various downstream users, including payl oads via the PTB. The
MSTRS Spacehab payload receives GMT directly from the PTB from the GMT IRIG-B converter and
cannot use MET. Therefore, if the GMT IRIG-B converter fails, MSTRSwill not have timetag
information and resultsin loss of nearly all science objectives. The Spacehab Experiment Data System
(EDS) uses GMT or MET from the PTB to generate and provide NTP for Spacehab experiments,
including Space Accelerometer System (SAMS)-FF, CM-2, STARS BOOTES, and STARNAV. If both
GMT and MET signals are lost, then the EDS usesits internal time, which may drift. This could result in
science loss for STARNAV since accurate timing signals are required for its attitude determination
algorithm. Aslong as GMT or MET is available from the PTB, STARNAV will not suffer any science
loss. SAMSFF, CM-2, and STARS-BOOTES science will not be impacted by loss of both GMT and
MET, but post-flight analysis may be more difficult.

2. FREESTAR — LCSS OF MASTER TIM NG UNIT (MIU) RESULTS
IN LOSS OF TI ME TAG | NFORMATI ON TO FREESTAR SUBSYSTEM
PDI  DATA

Orbiter MET supplied by the MTU to the PTB is provided to FREESTAR.
3. QARE

Thisruleisin support of Rule {A2-335}, LOSS OF ORBITER MASTER TIMING UNIT
(MTU)/PAYLOAD TIMING BUFFER. ®pN75 ] ®[ED ]

STS-107 12/19/02 FINAL, PCN-1 DATA SYSTEMS 7-2
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 6 - PROPULSI ON

GENERAL
107_6A-1 VRCS MAXI MUM JET ON- TI ME CONSTRAINT . .......... 6-1
STS-107 06/20/02 FINAL PROPULSION 6-i

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107

06/20/02 FINAL PROPULSION
Verify that this is the correct version before use.

6-ii



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 6 - PROPULSI ON

GENERAL

107_6A-1 VRCS MAXI MUM JET ON-TI ME CONSTRAI NT

A SI NGLE STEADY STATE VERNI ER FIRING OF UP TO 500 SECONDS | N
DURATION | S ALLONED. @[crR5520 ]

WSTF testing in support of the ISSreboost was used to validate a Boeing Thermal Math Model (TMM)
of the VRCSthrusters. Analyses by Boeing-Thermal using the TMM have demonstrated that 500-second
VRCSfirings do not violate any vernier jet thermal constraints (ref. SODB, volume |, paragraph

3.4.3.2). Thereisno minimum cooldown period required between 500-second VRCSfirings. ®[crR
5520 ]
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SECTION 9 -

ELECTRI CAL

GENERAL

107_9A-1

ORBI TER PAYLOAD BAY FLOODL!| GHT CONSTRAI NTS

A. FREESTAR

1. ALL PAYLOAD BAY FLOCDLI GHTS AND EXTERNAL LI GHT SOURCES
ARE REQUI RED TO BE OFF DURI NG DEDI CATED OBSERVATI ONS AND
CALI BRATI ONS FOR MEI DEX

2. ALL PAYLQAD BAY FLOODLI GHTS AND EXTERNAL LI GHT SOURCES
ARE REQUI RED TO BE OFF DURI NG SClI ENCE OBSERVATI ONS FOR

SCLSE

Camera D with illuminator ring will be utilized during SOLSE door opening/closing over orbit eclipse
in order to view the functioning of the door. Illuminator ring will be turned off following door opening.

®[CR5844 |

3. ALL PAYLQAD BAY FLOODLI GHTS AND EXTERNAL LI GHT SOURCES
W TH N 45 DEGREES OF THE CENTRAL VI EW NG AXI' S OF SCOLCON
(PARALLEL TO -Z AXIS QUT OF THE PLB) ARE REQUI RED TO BE
OFF DURI NG EXPERI MENT OPERATI ONS.

B. SPACEHAB HAS NO PAYLOAD BAY FLOCDLI GHT CONSTRAI NTS.

C. ATTI TUDE DEPENDENT OPERATI ON OF THE PAYLOAD BAY LIGHTS IS
LI M TED TO THE FOLLOW NG CONSTRAI NTS:

ORBITER ATTITUDE

FWD PORT AND STBD
LIGHTS 1 AND 2

MID PORT AND STBD
LIGHTS 3 AND 4

AFT PORT LIGHT 5
AFT STBD LIGHT 6

BAY TO EARTH/
TAIL TO EARTH/
BOTTOM TO EARTH

NO CONSTRAINT

OFF AT ALL TIMES

NO CONSTRAINT

BAY TO SUN/
SOLAR INERTIAL

ON 75 MINS FOLLOWED
BY AT LEAST 45 MINS
OFF

OFF AT ALL TIMES

ON 150 MINS FOLLOWED
BY AT LEAST 45 MINS
OFF

The attitude dependent payload bay flood light (PBFL) operational constraints are based on PLBFL

system thermal limitations.
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107_9A-2 ON- ORBI T PAYLOAD BUS POVNER LEVEL MANAGEMENT

THE PRI MARY PAYLOAD PONER SOURCES TO THE ORBI TER PLB FOR STS-107
WLL BE MANAGED AS FOLLOWS:

A. PRI MARY PAYLOAD MNC AND FC3 — NOM NAL POWER LEVELS ABOVE 8 KW
CONTI NUQUS ARE PERM SSI BLE PROVI DED | NDI VI DUAL FUEL CELL
POANER CONSTRAI NTS ARE NOT VI OLATED AND ADEQUATE BUS VOLTAGES
ARE MAI NTAI NED.

B. PRI MARY PAYLOAD MNB - 7 KW CONTI NUOUS, AND PEAK

For STS-107 the nominal on orbit power configuration for the primary payload bus is the MNC bus feed.
During nominal on-orbit operation main B will be tied to MNC so that fuel cells 2 and 3 will sharethe
load on the primary PL bus. The MNC and FC3 feeder constraints are based upon FC power
limitations. It has always been the philosophy to feed the payloads from orbiter buses rather than
directly from the FC, when possible. If it becomes necessary the FC3 feed can be used and has the same
power constraints as the orbiter MNC bus feed.

The maximum continuous payl oad bus power level planned for STS-107 is slightly over 8 kW. For STS
107 a power analysis was done. Results showed that adequate bus voltages will be maintained for the
planned maximum continuous payload power level provided the fuel cells are performing at curve 16 or
better. The Fuel Cell performance requirement is documented in the Flight Requirements Document.
The power exceedance is documented in ICD-2-19001.

Per Rule {A9-51}, FC POWER LEVEL CONSTRAINTS the fudl cells may be nominally operated from 2
to 10 kW continuously and between 10 and 12 kW for not more than 15 minutes every 3 hours. In the
nominal bus tied configuration the planned loads should not violate the individual fuel cell power
constraints. If, however, it becomes necessary, the Payload power would be managed to maintain the
individual fuel cellswithin their power level constraints. e[Ep ]

Per Rule {A9-109}, PRIMARY PAYLOAD BUS MANAGEMENT, the MNB feeder is constrained to 7 kw
continuous and peak. This constraint is based on bus configuration not on a fuel cell power limitation.
Therefore, if the MNC or FC3 to primary PL bus connections become unavailable then primary payload
bus power thru the MNB connection must be managed to maintain the power level lessthan 7 kW
continuous and peak.

Reference: Rules {A9-109}, PRIMARY PAYLOAD BUS MANAGEMENT, {A9-51}, FC POWER LEVEL

CONSTRAINTS and {A9-352}, SPACEHAB MAIN BUSMANAGEMENT, ICD —2-19001, STS 107 FRD.
®[ED ]

STS-107 12/19/02 FINAL, PCN-1 ELECTRICAL 9-2
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_9A-3 SURVI VAL PONER CONFI GURATI ON

A.  SPACEHAB

1. FOR THE SPACEHAB MODULE, THE M NI MUM PONER LEVEL
REQUI RED IS 1699 WATTS (W AVERAGE POVER, 1837 W

( MAXI MUM CONTI NUOUS POAER) AND 1921 W ( PEAK POVER) .
®DN77 ] ®CR5703 ]

2. FOR THE SPACEHAB M DDECK EXPERI MENTS, THE M NI MUM POER
LEVEL REQUI RED |'S 384 W (AVERAGE AND MAXI MUM CONTI NUOUS
POAER) AND 388 W ( PEAK POVER) .

The survival power level is the minimum power level required to preserve science and is used for the
entry configuration. Power requirements for all Spacehab experiments nominally powered for entry are
included in this minimum power level since these experiments require continuous power. This minimum
power level may also be used for an orbiter problem, requiring reduced total power levels. The
following Spacehab module experiments are powered during entry: CIBX, STARS-BOOTES, EOR/F,
TEHM, APCF, Biobox, BDS-05, AST-10/1, CPCG-PCF, and FRESH-2. The following Spacehab
middeck payloads are powered during entry: CEBAS, CMPCG, and Biopack.

B. FOR FREESTAR, THE M NI MUM POAER CONFI GURATI ON REQUI RES 480 W
( MAXI MUM CONTI NUQUS POVER) . @[crR5848 ]

This value corresponds with 11.5 kwhr for 24 hours of operations and assumes power for the FREESTAR
avionics and heaters. The applicable heater duty cycle from table 4-1 should be applied for deviations
from a bay-to-earth attitude when determining extension day power requirements. If additional power is
available for science, the maximum power required is17.86 kwhr. ®DN77 ] ®[CR5848 |
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SECTI ON 10 — MECHANI CAL

GENERAL

107_10A-1 AUXI LI ARY POAER UNI T (APU) LEAKS

| F AN APU MUST BE STARTED DUE TO AN ACTUAL OR SUSPECTED FUEL
LEAK, FREESTAR PAYLOADS ( MEI DEX, SCLSE AND SOLCON) WLL CLOSE
THEI R EXTERNAL COVERS PER {107_2A-61}, CONTAM NATI ON CONSTRAI NTS
SUMVARY. APU START W LL NOT BE DELAYED TO PERFORM THI S ACTI ON.

An APU that develops an actual or suspected leak on orbit will be started and run to depletion per Rule
{A10-27B}, APU FUEL LEAKS[CIL]. Payload contamination dueto APU exhaust is a concern.
However, delaying APU start in order to close coverswill increase the amount of Hydrazine in the aft
compartment, increasing the risk of fire during entry. ®[ED ]

107_10A-2 HYDRAULI C Cl RCULATI ON PUVMP OPERATI ON CONSTRAI NTS

THERE ARE NO CONSTRAI NTS TO HYDRAULI C Cl RC PUMP STARTUPS ON A
MAI'N BUS THAT PONERS THE PRI MARY PAYLOAD BUS DURI NG ORBI'T
OPERATI ONS.  PLANNED OPERATI ON OF THE PUMPS W LL BE COORDI NATED
W TH THE SPACEHAB SHOD.

The voltage ripple caused by the startup of a hydraulic circ pump is not a concern for the payloads on
thisflight. Pump operation causes a substantial disturbance to the microgravity environment needed for
Spacehab science. Coordination ensures postflight data reduction can identify disturbances attributed to
circ pump operations. Prior approval to run a circ pump is not required.
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107_10A-3 KU- BAND ANTENNA STOW REQUI REMENTS

A, FOR LCSS OF REDUNDANT KU- BAND ANTENNA STOW CAPABI LI TY, THE
DEPLOYED ASSEMBLY W LL BE STOANED AS SOON AS PRACTI CAL AFTER
SPACEHAB AND FREESTAR PAYLOAD OPERATI ONS ARE COVPLETE BUT NO
LATER THAN THE BEG NNI NG OF THE DAY PRI OR TO ENTRY.

Thisruleis a flight specific scenario allowed by Rule {A10-301}, ANTENNA STOW REQUIREMENT
[CIL]. The Ku-band subsystem is mandatory for Spacehab and FREESTAR payloads. Therefore,
stowing the deployed assembly (consisting of the antenna dish, gimbal motors, and deployed electronics)
immediately after deployment actuator stow redundancy has been lost would be costly in terms of mission
success. However, in order to minimize the potential of a second failure that would require a deployed
assembly jettison, and in order to allow sufficient time to respond to any contingency that may arise
during the stow operation (including the need for an EVA), the deployed assembly shall be stowed at |east
1 day prior to deorbit. The antenna dish can be positioned manually during an EVA if a gimbal motor or
gimbal motor drivefails, in order to permit locking the gimbals for entry. However, the deployed
assembly cannot be manually repositioned to within the GO FOR PLBD CLOSURE envelopein the event
of a dual motor deployment actuator failure. ®[ED ]

B. FOR LOSS OF TEMPERATURE CONTROL OR TEMPERATURE MONI TORI NG
CAPABI LI TY, THE KU- BAND ANTENNA W LL BE STONED AS SOON AS
PRACTI CAL AFTER SPACEHAB AND FREESTAR PAYLOAD OPERATI ONS ARE
COVPLETE BUT NO LATER THAN THE BEG NNI NG OF THE DAY PRI OR TO
ENTRY.

Thisruleis a flight specific scenario allowed by Rule {A10-301}, ANTENNA STOW REQUIREMENT
[CIL]. Precise antenna positioning capability is required to lock the gimbals and properly stow the Ku-
band antenna. When the temper ature of the antenna gyro mechanism, signal feed, or the alpha or beta
gimbal angle cannot be maintained within SODB limits, the capability to obtain correct stow angles may
belost. The Ku-band antenna deployed assembly gimbals must be locked for entry, or jettison is
inevitable. Therefore, when the Ku-band antenna temperature control or monitoring capability is lost,
the Ku-band systems should be deactivated and the antenna stowed as a precaution following Spacehab
and FREESTAR operations. ®[ED ]
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A. THE NUMBER OF FI LLED CONTI NGENCY WATER CONTAI NERS (CWC' S) IN
THE ORBI TER W LL NOT EXCEED THE NUMBER OF CERTI FI ED STOMNGE
LOCATI ONS AVAI LABLE FOR LANDI NG THE MAXI MUM NUMBER OF FI LLED
CWC S THAT MAY BE RETURNED IN THE ORBITER | S FOUR

Preflight planned stowage has been reviewed and the number of certified stowage locationsis limited to
thisamount. The available CWC stowage locations are two in Volume F, and one each in volumes G
and H.

| B. REFERENCE RULE {A18-606}, RDM CONDENSATE STORAGE TANK
( CST) / CONTI NGENCY WATER CONTAI NER ( CWC) MANAGEMENT, FOR
CONSTRAI NTS ON CWC STOWAGE | N THE SPACEHAB. oeEp |

CWC’ s may be stowed in Spacehab per Rule {A18-606}, RDM CONDENSATE STORAGE TANK
(CST)/CONTINGENCY WATER CONTAINER (CWC) MANAGEMENT, if orbiter certified stowage
locations are not available. ®[ED ]
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107_13A-1 PAYLOAD HAZARDOUS NATERI ALS

THE STS-107 SECONDARY PAYLQADS | NCLUDE THE HAZARDOUS NMATERI ALS
LI STED BELOW

A.  LEVEL 4 HAZARDOUS MATERI ALS (A M NI MUM OF THREE LEVELS OF
CONTAI NVENT REQUI RED) :

1. TEHM — TEHM FACI LI TY | NSULATI ON
2. HLS — LITH UM TH ONYL CHLORI DE BATTERI ES.

The Thermoelectric Holding Module (TEHM) facility contains level 4 insulation. Thisinsulation is
inside the walls and door of the TEHM. The Human Life Sciences (HLS) Portable Clinical Blood
Analyzers (PCBA’s) and Ambient Temperature Recorders (ATR's) use lithiumthionyl chloride batteries.
TEHM meets the containment criteria for level 4 hazardous materials. The ATR batteries are certified
for JSC 20793 compliance and the PCBA is certified as GFE. epNn32 ]

B. LEVEL 3 HAZARDOUS MATERI ALS (A M NI MUM OF THREE LEVELS OF
CONTAI NVENT REQUI RED) :

NONE | DENTI FI ED

C. LEVEL 2 HAZARDOUS MATERI ALS (A M NI MUM OF THREE LEVELS CF
CONTAI NVENT REQUI RED) :

1. ARMS

Bl OBOX
Bl OPACK
Bl OTUBE
BDS- 05
BRI C

N o o ~ 0 DN

Cl BX
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8.
9.

10.
D. LEVEL 1 HAZARDOUS MATERI ALS (A M NI MUM OF TWO LEVELS OF

PAYLOAD HAZARDOUS NATERI ALS

( CONTI NUED)

CM 2
HLS
ZCG

CONTAI NVENT REQUI RED) :

1. APCF

2. BDS-05

3. BIOBOX

4. Bl OPACK

5. CEBAS

6. CIBX

7. CmM2

8. CMPCG

9. CPCG PCF

10. ERI STO

11. FAST

12. HLS

13. OSTEO

14. STARS

15. ZCG
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E. LEVEL 0 HAZARDOUS MATERI ALS (A M NI MUM OF ONE LEVEL OF
CONTAI NVENT REQUI RED) :

1.

© 0O N o 0 A~ 0 Db

I e e e T Y S
© N o g b~ w0 dp = O

19.

APCF
ARMS
ASTROCULTURE
BDS- 05

Bl OBOX
Bl OPACK
Bl OTUBE
CEBAS

Cl BX

CM 2
CMPCG
FAST
FRESH- 02
HLS

MGV

MPFE
OSTEO
STARS
VCD

Thislist is based on a candidate list and the toxicity of each experiment will be no greater than aslisted.
More detailed information on each hazard level and associated substances is contained in the Hazardous
Materials Look-Up Table (Haz Mat), STS-107 PGSC software application. ®pN32 ]
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107_11A-1 PAYLOAD GROUND COMVANDI NG

A.  ALL PAYLOAD COMVANDI NG W LL BE COCORDI NATED W TH HOUSTON
FLI GHT THROUGH HOUSTON PAYLQADS OR | NCO PER RULE {A2-313},
GROUND COWANDI NG @e[DN76 ] ®[ED ]

B. NOM NALLY, POCC COMMANDI NG | S SI NGLE STAGE, PAYLOAD
THROUGHPUT COVMANDI NG TO THE PAYLOAD THROUGHPUT COMVAND ( PTC)
BUFFER AND W LL BE MANAGED SO THAT MJULTI PLE POCC S ARE
ENABLED SI MULTANEQUSLY. | F THE NEED FOR POCC TWD- STAGE
COWANDI NG ARI SES, POCC AND MCC COMMANDI NG TO THE SM GENERAL
PURPOSE COMPUTER (GPC) TWDO STAGE BUFFER W LL BE MANAGED SO
THAT BOTH ARE ENABLED SI MULTANEQUSLY. SI MULTANEQUS ( SI MO
COMWANDI NG THROUGHOUT EACH TDRS PASS | S APPROVED UNDER THE
FOLLOWN NG CONDI TI ONS:  epN70 ]

1. ALL POCC HAZARDOUS COMVANDI NG W LL BE COORDI NATED W TH
HOUSTON PAYLOADS PRI OR TO COMNVAND | NI Tl ATI ON. THERE ARE
NO POCC HAZARDOUS COVWNANDS DEFI NED FOR STS- 107.

2. THE COWANDI NG PARTY |'S RESPONSI BLE FOR DETECTI NG AND
RETRANSM TTI NG ANY LOST COVVANDS.

3. POCC COMVANDI NG W LL NOT BE PLANNED TO OCCUR DURI NG
CRI TI CAL ORBI TER COMVANDI NG,

4. LARGE COMVAND BLOCKS (MCC OR POCC), WLL BE COCRDI NATED.

S MO commanding is possible, with the risk that contention over the PTC buffer by POCC commanding
or the two-stage buffer by POCC or MCC or two-stage commands. The ground command server will
normally reject commands that do not have adequate spacing, but sometimes command spacing may
result in the systems management (SM) GPC rejecting one of the commands. Either the POCC or the
MCC INCO can detect lost commands and retransmit them. This method of commanding is less
desirable than a more structured method where contention over the PTC buffer or two-stage buffer is
procedurally avoided. Due to safety considerations, hazardous commands must always be coordinated.
To avoid loss of critical orbiter commands, POCC commanding will be planned around these critical
commands. Since large blocks of commands require more command system time, more care must be
used to avoid contention and loss of these types of commands; therefore, large command blocks will still
require coordination. ®pN70 ]
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C. REMOTE POCC LOCATI ONS

1. SPACEHAB COMVANDI NG VI A THE MCC REMOTE POCC | NTERFACE
SHALL ORI G NATE FROM THE JSC PQOCC.

2. FREESTAR COWANDI NG VI A THE MCC REMOTE POCC | NTERFACE
SHALL ORI G NATE FROM THE GSFC POCC. LPT COWANDI NG VI A
GN STATI ONS | NTERFACE SHALL ORI G NATE FROM THE GSFC PQOCC
OR LPT BACKUP POCC AT GSFC. e[cr5s849 ]

SOLCON and CVX will also command via Remote POCC’ s in Belgium and at Glenn Research Center,
respectively. SOLCON and CVX commands originating from the Remote POCC’ s will be transmitted to
the GSFC POCC and forwarded to JSC via standard HH command lines. In case of GS-C POCC
evacuation, FREESTAR will relocate to a backup POCC. The backup POCC is operationally similar in
architecture to the SOLCON and CVX remote POCC’'s. Commands from the backup POCC will be
transmitted to the primary GSFC POCC and forwarded to JSC via standard HH command lines. The
backup FREESTAR POCC relies upon the front-end processor in the primary POCC remaining
configured and functional at time of evacuation. In the case of a POCC evacuation, LPT will command
to the GN stations from a separate backup facility located at GSFC. ®DN59 ] ®[CR5849 ]

D. SPACEHAB COMMVAND REQUI REMENTS

1. SPACEHAB REQUI RES PAYLOAD SI GNAL PROCESSOR ( PSP)
COWANDI NG FOR SPACEHAB ACTI VATI QV DEACTI VATI ON AND FCOR
THE FOLLOW NG PAYLOADS: @pDN76 ]
a. BI OBOX
b. Bl OPACK
c. COWPLEX
d. MM
e. MSTRS

2. FOR THE LGSS OF PSP COWANDI NG KU CHANNEL 1 FORWARD LI NK
COVIVANDI NG MAY BE USED AS A BACKUP FOR EXPERI MENT
COVIVANDI NG DEPENDI NG ON AVAI LABI LI TY.

Spacehab commanding via the PSP is the only command path for several SH subsystems and is the
primary command path for the Biobox, Biopack, COM2PLEX, MGM, and MSTRS experiments. The
backup command path for these experimentsis via the Ku-band system. epNn76 ]
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E. FREESTAR COMVAND REQUI REMENTS

1. GROUND COWANDS FROM THE FREESTAR POCC W LL BE USED TO
CONDUCT THE MAJORI TY OF FREESTAR EXPERI MENT OPERATI ONS.
I N ADDI TI O\, CREWEMBERS COMVAND THE MEI DEX AND SOLSE
| NSTRUVENTS.

Most FREESTAR experiment operations are controlled by ground command. Onboard activation and
deactivation, MEIDEX door operations, MEIDEX commanding (primary mode), LPT power enable and
SOL SE activation, deactivation, command and control are performed by the crew. All SOLSE commanding
will be performed via PGSC command.

2. FREESTAR REQUI RES PAYLOAD COMVANDI NG DURI NG THE FOLLOW NG
PERI ODS:

a. FOR 30 M NUTES | MVEDI ATELY FOLLOW NG ACTI VATI ON

b. FOR AT LEAST 10 M NUTES I N APPROXI MATELY EACH 90
M NUTE | NTERVAL THROUGHOUT THE M SSI ON, AND FOR AT
LEAST 15 M NUTES | N APPROXI MATELY EACH 3 HOUR
| NTERVAL DURI NG ORBI TER SAFETY- CRI TI CAL OPERATI ONS.

c. MAXI MUM AVAI LABLE COMVANDI NG DURI NG ALL DEDI CATED
MEI DEX, CVX, SOLCON, AND LPT OPERATI NG PERI ODS

d. FOR 15 M NUTES NO SCONER THAN 30 M NUTES BEFORE EACH
EXPERI MENT OBSERVATI ON.

e. SIXTY M NUTES FOR MEI DEX EXPERI MENT CHECKOUT AS SOON
AS PGOSSI BLE FOLLOW NG HI TCHHI KER ACTI VATI ON

The primary means for MEIDEX commanding during dedicated observations is via PGSC command
(commanding can alternately be performed from the ground if crew support is unavailable).

f. 60 MNUTES FOR CVX OPERATI ONS | MVEDI ATELY FOLLOW NG
H TCHH KER ACTI VATI ON AND | MVEDI ATELY PRI OR TO HH
DEACTI VATI ON

g. 10 M NUTES FOR SOLCON CHECKOUTS PRI OR TO AND
FOLLOW NG EACH OBSERVATI ON (W THI N 60 M NUTES OF
OBSERVATI ON)
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h.  NEAR- CONTI NUOUS PSP BEG NNI NG FI FTEEN M NUTES PRI OR
TO DEDI CATED LPT OPERATI ONS AND CONTI NUI NG THROUGHOUT
OPERATI ONS

LPT highly desires maximum available PSP throughout the mission in order to accomplish supplemental
flight objectives. Payload commanding and telemetry during GN and TDRS tests will be primarily
performed via direct communications between LPT and Ground Sations (MILA, WLPS or DFRC)
through TDRSS. Primary command during GPStests and backup command and tel emetry capability
during GN and TDRStests will be provided via the HH avionics (use of direct to ground communications
isrequired to achieve full experiment success).

i. FOR 20 M NUTES PRI OR TO DEACTI VATI ON

FREESTAR may reguest additional periodic commanding to maintain experiment health and to support
measur ements of opportunity on a non-interference basis.

3. FOR LOSS OF COMVAND CAPABI LI TY TO THE HH PAYLOAD, THE HH
PAYLOAD W LL REMAI N ACTI VATED, THE MEI DEX AND SOLSE
OPERATI ONS W LL BE COWANDED BY THE CREW VI A THE PGSC,
AND THE LPT OPERATI ONS W LL BE COMVANDED VI A GROUND
STATI ONS.

The HH heaters and payload instruments must remain powered on in order to prevent hardware damage.
Payload survival heaters and HH avionics/heaters are sensor controlled. In the event that the thermal
environment is not compatible with the HH configuration, the POCC may request that the HH payload
be powered down prior to the nominal powerdown. There are no safety concerns with leaving the HH
payload powered up. HH telemetry maybe monitored at the HH POCC to ensure that the HH payl oad

instruments will not be damaged. Note that PSP-1 is the only ground command path to the HH avionics.
®DN76 ]

LPT can accomplish a limited set of its nominal operations via direct commanding from ground stations
or via the TDRS network. With loss of PSP, MEIDEX can accomplish their flight objectives via PGSC
command/control. SOLSE is controlled entirely through the PGSC interface and does not utilize PSP
commanding. SOLSE, MEIDEX, and LPT operations can continue as long as their power relays have
been activated via HH carrier PSP command prior to MTU failure. For loss of command, CVX-2
operationswill continue. CVX-2 is programmed with a default timeline which requires approximately
200 hoursto complete. The optimum CVX mission plan requires extension of this timeline to 304 hours.
Alteration of the default timeline will require commanding during the first 4 days of the mission. Should
CVX lose the ability to command during this period, the instrument will performtheinitial part of the
304-hour timeline and then revert back to the default timeline, with probable loss of all remaining
science. Should CVX lose commanding after the first 4 days of the mission, the instrument will execute
the programmed 304-hour timeline. ®DN76 ] ®CR5849 |
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A.  SPACEHAB TFL REQUI REMENTS — A TFL SUPPORTI NG 32 KBPS
TELEMETRY | S REQUI RED FROM SPACEHAB ACTI VATI ON TO
DEACTI VATI ON EXCEPT WHEN ORBI TER HDR GNC IS REQUI RED. epNn4 ]

PDI data is nominally used for SPACEHAB systems, Biobox, Biopack, CM-2, COM2PLEX, EOR/F, HLS
TEHM, MGM, and MSTRS. ®[CR5554 ]

B. FREESTAR TFL REQUI REMENTS

1. A TFL SUPPORTI NG FREESTAR 8 KBPS TELEMETRY | S REQUI RED
FROM FREESTAR ACTI VATI ON TO DEACTI VATI ON.

The 8 kbps data streamis required to monitor FREESTAR health and status. ®[cr5542 ]

2. |IF ATFL I'S REQU RED THAT DOES NOT SUPPORT FREESTAR
TELEMETRY DUE TO ORBI TER SAFETY CRI TI CAL OPERATI ONS OR
H GHER PRI ORI TY PAYLOAD OPERATI ONS, PDI DATA IS REQUI RED
AT LEAST 15 M NUTES | N EACH 3- HOUR | NTERVAL.

FREESTAR will negotiate waiving the telemetry requirement during brief periods of other high-priority
payl oad operations.

3. FOR UNPLANNED LOSS OF ALL ElI GHT KBPS DATA, FREESTAR W LL
REVAI N ACTI VATED AND SCI ENCE OPERATI ONS MAY CONTI NUE AT
THE DI SCRETI ON OF THE FREESTAR POCC.

FREESTAR needs to keep the HH avionics heaters and the FREESTAR experiment heaters on to prevent
hardware damage. FREESTAR and HH avionics heaters are sensor controlled and affixed to the
hardware mounting plates. There are no safety concerns with leaving FREESTAR power ed without
insight into payload health and status. Based on the discretion of the FREESTAR POCC, science
operations may continue as long as the last avail able housekeeping telemetry indicated FREESTAR was

| functioning nominally. With total loss of eight kbps data, MEIDEX, SOLSE, SOLCON, and LPT will be
able to continue operations through crew PGSC interaction (MEIDEX and SOLSE), on-board recording
(SOLCON and CVX), and ground station interfaces (LPT). SOLCON will be able to continue operations
as data will be recorded within the instrument Mass Memory Unit (MMU). CVX has the internal

capability to record all data. Insight to viscometry data and unique phenomena will belost. e@pbn4 ]
®DN60 ] ®CR5850 |
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C. ORBI TER TFL REQUI REMENTS BEYOND THOSE COVERED | N RULE
{A2- 129}, ORBITER ON-ORBI T H GH DATA RATE REQUI REMENTS.
®DN87 ] ®[ED ]

1. TFL 161 IS PREFERRED FOR FCS CHECKOUT

Rule {A2-129}, ORBITER ON-ORBIT HIGH DATA RATE REQUIREMENTS, documents the mandatory
requirement for high rate Ol data in support of FCS checkout. Several STS-107 telemetry configurations
supply high rate Ol data, but do not supply the full set of desired parameters for evaluation of the APU
hydraulic systems. e[ED ]

2. H GH RATE GNC DATA IS REQUI RED DURI NG THE RCS HOTFI RE
TEST.

3. H GH RATE GNC DATA IS REQUI RED | N SUPPORT OF GPS ON-ORBI' T
OPERATI ONS.

Reference section 3.7 of NSTS-16725 FTSOD.

4. H GH RATE GNC DATA IS H GHLY DESI RED JUST PRI OR TO EACH
| MJ ALl GN.

High rate GNC data is highly desired to capture star data used for the IMU align.

5. H GH RATE O DATA | S DESI RED AT ALL TI MES FOR | NCREASED
ABI LI TY TO DI AGNOSE ELECTRI CAL SHORTS.

Orbiter bus current sensor data is downlinked at a higher sample ratein high rate Ol data. The higher
rate increases the statistical probability of capturing bus shorts when they occur. ®pnsg7 ]
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A.  KU-BAND CONSTRAI NTS

1. ALL PAYLOADS W LL BE PROTECTED BY THE STANDARD BETA 21+
MASK MODE OF OPERATI ONS

2.  NElI THER SPACEHAB NOR FREESTAR HAVE ANY OTHER CONSTRAI NTS
AGAI NST OPERATI ONS OF THE KU- BAND SYSTEM

The KU-band comm systemwill be managed to preclude the direct radiation of LPT at greater than 70
volts/meter. The standard beta 21 + mask mode does not violate LPT constraints.

B. PAYLOAD REQUI REMENTS FOR KU COVMUNI CATI ONS
1. SPACEHAB:

a. KU 128 KBPS FORWARD LI NK COMVANDI NG TO THE RDM
EXPERI MENT DATA SYSTEM AND EXPERI MENTS. @[crsss4 |

Ku 128 kbps forward link commanding is the primary command path for the Experiment Data System,
the Video Digitizer System (VDS) and CM-2, FAST, MSTRS, SAMS FF, STARS-Bootes, STARNAYV, and
ZCG. The backup command path for these experiments is via PSP commanding. ®[CR 5624 |

b. CHANNEL 1 FOR DOMLI NK VO CE, ORBI TER SYSTEMS DATA
AND SPACEHAB SYSTEMs DATA VI A THE PDl .

c. CHANNEL 2 FOR SPACEHAB SYSTEMS DATA, SPACEHAB
EXPERI MENT DATA, AND PAYLOAD RECORDER DUMPS OF OARE
DATA

Channel 2 data is utilized by the SH VDS and by ARMS, CM-2, FAST, SAMS FF, STARNAYV,
STARS-Bootes, VCD, and ZCG. The VDS has no unique data requirements, but is used in support
of experiments. ®[CR5624 |

d. CHANNEL 3 FOR VI DEO DOMLI NK AND SPACEHAB LGOS
RECORDER DUMPS

e. CHANNEL 2 OR 3 FOR OCA DOMLI NK OF ASTRCCULTURE FI LES
®[CR5554 |
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2. FREESTAR

a. CHANNEL 3 FOR VI DEO DOANLI NK OF MElI DEX OBSERVATI ONS
AND | NI TI AL DOOR OPENI NGS FOR MElI DEX AND SCLSE.

b. CHANNEL 2 OR 3 FOR OCA DOMLI NK OF NMEI DEX AND SCLSE
DATA FI LES

MEIDEX requires the downlink of payload provided video in real-time or near real-time during
dedicated operations and desires maximized opportunities for payload video downlink during all
secondary operations. Both MEIDEX and SOLSE require downlink of data files via the OCA interface.

There are also standard orbiter requirements for the Ku-band. (e.g., Execute Package, mail syncs,
videoconferencing, file transfers, etc.). OCA isnominally planned to occur on Channel 3. To the extent
possible, Ops Recorder dumps will occur on either Ku Channel 2 via TDRS-Z or S-band FM via ground
stations, so as to be non-interference with payload utilization of the Ku assets. e[cR5554 ]
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A MCH WLL REQUEST PERM SSI ON FROM THE CREW BEFORE DOAMNLI NK
OF ANY VI DEO WH CH MAY | NCLUDE | MAGES OF THE CREW e@pN3 ]

MCC-H isresponsible for ensuring that the downlinked video of crewmembersis controlled and
maintains a level of privacy for the crew.

B. DOMLINK OF VIDEO WTH SUPERFI Cl AL | MAGES OF THE CREW I S
PERM TTED W THOUT SPECI FI C CREW AUTHORI ZATI ON.

Downlinks involving a superficial view of a small portion of a crewmember, such as the view of a
crewmember’s hands inside a glove box or other experimental apparatus, are not expected to require any
Crew permission.

C. SPACEHAB EXPERI MENT OPERATI ONS REQUI RE USE OF THE ORBI TER
CCTV SYSTEM AS FOLLOWE:

Refer to Annex 2 Part Il for specific scheduling requirements. ®[cr 5554 |

1. BDS-05 DESI RES REAL-TI ME VI DEO DOMLI NK OF TI SSUES | N
THEI R BI OREACTOR. | F VI DEO DOMLI NK OF BDS-05 |'S NOT
PCSSI BLE, VI DEO PLAYBACK W THI N 24 HOURS | S ACCEPTABLE.

BDS-05 uses the shared camcorder.

2. BIOTUBE REQUI RES REAL-TI ME VI DEO DOMLI NK BEG NNI NG
20 HOURS AFTER BI OTUBE ACTI VATION. A 3-M NUTE VI DEO
DOMLI NK 'S REQUI RED EVERY 2 HOURS UNTI L Bl OTUBE
TERM NATI ON.

Biotube uses an internal camera.
3. CM 2

a. LSP REQUI RES VI DEO FOR EACH PRE- TEST VERI FI CATI ON AND
EACH TEST SEQUENCE. @[cr5625C ]

b. SOFBALL REQUI RES VI DEO FOR THE FI RST TEST RUN.
c. M ST REQUI RES VI DEO FOR EACH RUN.

CM-2 uses an internal camera. Snce CM-2 SOFBALL operations have been nominally scheduled to be crew
tended, real-time video downlink is not required other than on thefirst run. e[crRs554 ] ®[CR5625C ]
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107_11A-4 CCTV REQUI REMENTS ( CONTI NUED)

4. FAST REQUI RES REAL-TI ME VI DEO DOMNNLI NK FOR
ACTI VATI ON, DEACTI VATI ON, EXPERI MENT SEQUENCES, AND
| NJECTI ONS. @[cr5554 ]

FAST uses an internal camera.

5.  MaM REQUI RES REAL-TI ME VI DEO DOMLI NK COVERAGE OF
EXPERI MENT ACTI VATI ON. DOMNLI NK OF VI DEO OR PHOTO TAKEN
DURI NG DEACTI VATION |'S DESI RED PRI OR TO THE NEXT MaM RUN.

MGM uses the shared camcorder. A video or still image during deactivation is desired to eliminate the
need for a reform. However, if an image is not available, there is no impact to science since a reformis
already scheduled as a part of each deactivation.

6. STARS- BOOTES REQUI RES REAL-TI ME VI DEO DOMLI NK TW CE
DALY, TWO 2- HOUR SESSI ONS OF VI DEO DOMNLI NK OF THE
CRYSTAL GROMH EXPERI MENT, AND TWD 2- HOUR SESSI ONS OF
VI DEO DOMWNLI NK OF THE SI LKWORM EXPERI MENT.

STAR-BOOTESuses an internal camera.

ZCG CLEAR
THE CLEAR

7. ZCG REQUI RES REAL-TI ME VI DEO DOMNLI NK DUR
AUTOCLAVE OPS VH LE THE CREWVEMBER | S M X
AUTOCLAVES. @pDN31 ]

I NG
I NG

ZCG uses the Shared Camcorder. ®[CR 5554 |

D. FREESTAR EXPERI MENT OPERATI ONS REQUI RE USE OF THE ORBI TER
CCTV SYSTEM AS FOLLOWG.  @DN3 ]

1. ORBITER CCTV MONI TORI NG I S REQUI RED FOR THE FI RST
CANI STER DOOR OPENI NGS FOR MEI DEX AND SOLSE. VI DEO
VERI FI CATION | S ALSO REQUI RED OF DOOR POSI TI ONS AFTER
FI NAL CLOSI NGS BUT PRI OR TO FREESTAR DEACTI VATI ON.
®[CR5625C ]

Video of each experiment will be an additional confirmation that the instruments are intact and
functioning properly.

TH'S RULE CONTI NUED ON NEXT PAGE
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107_11A-4 CCTV REQUI REMENTS ( CONTI NUED)

2. | F GROUND | NSI GHT | NTO DOOR POSI TION | S LOST, MElI DEX
REQUI RES CCTV OR CREW VERI FI CATI ON OF DOOR PCSI TI ON PRI OR
TO AND | MVEDI ATELY FOLLOW NG ALL OBSERVATI ONS.

Position of the MEIDEX door is nominally indicated through ground and PGSC. If ground insight into
door position islost, MEIDEX requires confirmation of door position. If the door is not full open prior
to a data take, data may not be obtained during the observation. If door is not full closed after an
observation, MEIDEX contamination constraints may be inadvertently violated, resulting in instrument
damage. Thisrequirement isto ensure mission success, maximum science acquisition, and reflight
hardware integrity.

3. MEIDEX CCTV REQUI REMENTS

OBSERVATION REAL-TIME PLAYBACK DSR-20 V10
DOWNLINK [1] | DOWNLINK [2] | RECORDING | RECORDING
(XYBION) (SEKAI)
STARTUP/CHECKOUT N/A N/A DESIRED DESIRED
PRIMARY DATA TAKES REQUIRED REQUIRED [3] REQUIRED HIGHLY DESIRED

(FIRST 140 MIN OF ROI),
CALIBRATION, AND
COORDINATED SCIENCE

SECONDARY DATA TAKES REQUIRED DESIRED [3] HIGHLY HIGHLY DESIRED
(ADDITIONAL ROI) DESIRED
SPRITE VIEWS REQUIRED DESIRED [3] REQUIRED REQUIRED
SLANT VISIBILITY N/A N/A N/A N/A
®[CR5625C |
NOTES:
K| MEIDEX REQUIRES MAXIMUM AVAILABLE REAL-TIME DOWNLINK. MEIDEX VIDEO DOWNLINKED IN REAL TIME

CAN BE EITHER ANALOG SEKAI, ANALOG XYBION, OR DIGITAL XYBION. SSV IS REQUIRED FOR ALL MEIDEX
OBSERVATION FOR WHICH REAL-TIME DOWNLINK IS NOT ALLOCATED.

[2] PLAYBACK DOWNLINKS ARE ALWAYS DIGITAL XYBION. PLAYBACKS ARE ONLY CONSIDERED FOR VIDEO FOR
WHICH NO REAL-TIME DOWNLINK WAS SCHEDULED.

[3] WITHIN 6 HOURS OF DATA COLLECTION OR PRIOR TO COMPLETION OF THE NEXT REPLANNING CYCLE,
WHICHEVER COMES FIRST.

Real -time downlink during MEIDEX operations will allow the PI to verify the configuration of the two
cameras during data collection and optimize settings for the best possible science. The playback of the
images from the Xybion cameraswill allow the POCC to adjust the systems for the next planned
operation.

MEIDEX Xybion video is recorded on internal video tape recorders but this video is not available
during the flight. In cabin recording serves as a backup data set. The Sekai camera is not recorded
internally. Itsrecording ishighly desired in order to provide additional post-flight reference. The
Sekai video will not nominally be played back during flight. Minimum acceptable SSV downlink rate is
17.6 kbps. ®[CR5625C ]

STS-107 12/19/02 FINAL, PCN-1 COMMUNICATIONS 11-11
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_11A-5 LPT AND S- BAND PM MANAGEMVENT

A. THE ORBI TER S- BAND PM SYSTEM SHALL NOM NALLY BE OPERATED
USI NG LOW FREQUENCY TO PREVENT | NTERFERENCE W TH LPT SCI ENCE
OBJECTI VES. @[CR5512A ]

The LPT payload operates with ground stations and TDRSS on the same frequency pair as the orbiter S
Band PM system high frequency pair (2106.4 MHz receive and 2287.5 MHz transmit). If the orbiter was
operated at the same frequency as LPT, it might interfere with LPT data collection. Although the orbiter
uses right hand polar circularization and LPT uses left hand polar circularization, there is the possibility
that S-band PM transmissions from the orbiter may cause interference. It isnot expected that the orbiter
forward link will interfere with LPT since the signal strength from TDRSis much lower than the signal
transmitted from the orbiter.

B. FOR A FAILURE OF THE ORBI TER S- BAND PM SYSTEM LOW FREQUENCY,
THE ORBI TER S- BAND PM SYSTEM W LL BE MANAGED TO PREVENT
| NTERFERENCE W TH LPT DURI NG SCI ENCE DATA TAKES VWHEN ORBI TER
AND PAYLOAD PRIORITIES PERM T. THE LPT CUSTOVER MAY ELECT TO
PERFORM SCI ENCE DATA TAKES EVEN | F THE ORBI TER S- BAND SYSTEM
'S NOT CONFI GURED TO PREVENT | NTERFERENCE.

If the orbiter cannot use low frequency and the orbiter S-band return link can be given up temporarily
based on orbiter and payload priorities and Ku-band availability, the S-band power amplifier will be
turned off as required during LPT science data takes to preclude interference. If the MCC has the
capability to command communications equipment, the MCC will command the S-Band PM power amp
to off if it is predicted that the orbiter upper S-Band PM antennas will be active during LPT operations.
For a GCIL failure such that the MCC can no longer configure orbiter communications equipment, the
crew can power off the S-band power amplifier via switch. The orbiter Ku-Band may serve as the
downlink path for the orbiter operational data, if itisin view of TDRS. If it is predicted that the
orbiter lower S-band PM antennas will be active during LPT operations, no orbiter S-band PM system
configuration is required since interference is not expected.

If the full-up orbiter Sband PM systemis required due to higher priority orbiter or payload
requirements, the power amp will not be turned off. In this case, the LPT customer may eect to
perform science data takes and accept the possibility of interference rather than lose a science
collection opportunity. ®[CR5512A ]

C. LPT SHALL BE INHI BITED VIA THE SSP DURI NG EVA'S AND ORBI TER
SAFETY CRI Tl CAL OPERATI ONS.

The majority of LPT operations are controlled from the POCC directly through the ground stations or
TDRSto LPT. Theinhibit switch on the Standard Snitch Panel will be used to ensure that the LPT does
not interfere with EVA operations or orbiter safety critical operations

THI'S RULE CONTI NUED ON NEXT PAGE
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107_11A-5 LPT AND S- BAND PM MANAGEMENT  ( CONTI NUED)

D. LPT SHALL BE | NH BI TED FROM TRANSM TTI NG VI A GROUND COMVAND
DURI NG MSTRS OPERATI ONS AND DURI NG PERI GDS WHEN LPT SCI ENCE
DATA IS NOT' REQUI RED AND THE ORBI TER S- BAND PM SYSTEM HI GH
FREQUENCY | S REQUI RED.

Theinhibit switch on the Standard Snitch Panel removes power from the LPT experiment and prevents
both transmitting and receiving. The POCC has the capability to inhibit LPT transmissions alone via
ground command. During MSTRS operations and during periods when LPT science data is not required
and the orbiter S-Band PM system low frequency is failed, LPT will be inhibited from transmitting via
ground command in order to continue receiving data. This configuration will allow LPT to continue
GPS operations and validation in a receive only mode.

107_11A-6 AlR TO GROUND (A/ G) COVM MANAGENENT

ALL SPACEHAB A/ G COMMUNI CATI ONS W LL BE CONDUCTED W THI N THE
GUI DELI NES OF RULE {A-321}, SPACEHAB Al R- TO- GROUND (A/ G USAGE,
W TH THE FOLLOW NG FLI GHT SPECI FI C EXCEPTI ON.  eEp |

NONE | DENTI FI ED
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FAI LURE MANAGEMENT

107_11A-11 PDI  FAI LURE MANAGEMENT

FOR A LGCSS OF THE PDI, A PDI IFM WLL BE REQUI RED TO | NSTALL THE
SPARE PDiI .

Soacehab and FREESTAR have requirements for PDI telemetry to their respective POCC's. Without the
PDI telemetry, primary mission science objectives will be compromised. Some data recording/storage
capability exists for certain experiments; however, the overall science complement would be severely
impacted without PDI telemetry.

Spacehab systems use the PDI as their only data source with the exception of MDM parameters. The
Spacehab Biobox, Biopack, CM-2, COM2PLEX, EOR/F, TEHM, MGM, and MSTRS payl oads use the
PDI astheir primary data source but can also use Ku channd 2 as backup. @pn78 ]

FREESTAR primary data sourceis via the PDI stream CVX and SOLCON downlink data is lost without
PDI service. Real-timeinsight into MEIDEX operationsislost without PDI service, although MEIDEX
data can be downlinked from the MEIDEX PGSC following observations. Although LPT data via the HH
interface will be lost without PDI, LPT operations can continue when SN and/or GN resources are
available for data downlink. ®pNn61 ]

Reference Rule {107_2A-53}, PAYLOAD IN-FLIGHT MAINTENANCE (IFM) PROCEDURES

107_11A-12 PSP FAI LURE MANAGEMENT

IN CASE OF A PSP-1 FAILURE, AN IFM WLL BE PERFORMED TO W RE
FREESTAR TO PSP-2 AS SOON AS PRACTI CAL.

FREESTAR iswired only to PSP-1. If system failures cause a swap to PSP-2 (PSP-1 failed or otherwise
unusable), FREESTAR payloads would be severely impacted with no way to command to the experiment
fromthe HH POCC.

A preflight approved IFM has been devel oped to wire FREESTAR to PSP-2 by accessing the patch
cabling at the Payload Sation Distribution Panel (PSDP) and routing PSP-2 command output ports to
the HH command input. Limited commanding is available to the payload via the PGSC if PSP
functionality is not recovered.

Reference Rule {107_2A-53C}, PAYLOAD IN-FLIGHT MAINTENANCE (IFM) PROCEDURES).

107_11A-13 RESERVED epN5 ]
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SECTI ON 15 -

EXTRAVEHI CULAR ACTIVITY (EVA)

GENERAL

107_15A-1

EVA HAZARD NMANAGEMVENT

THE FOLLOW NG TABLE DOCUMENTS KNOWN HAZARDS TO EVA CREW PRESENTED

BY STS-107 PAYLQADS.

THE CONTROLS FOR EACH OF THESE HAZARDS MUST

BE I N PLACE PRI OR TO AND THROUGHOUT ANY STS-107 EVA.

PAYLOAD HAZARD TYPE DETAILS/CONTROLS
FREESTAR CREW CONTACT | AKEEPOUT ZONE WILL BE IMPLEMENTED TO PREVENT INADVERTENT
CONTACT WITH THE FREESTAR PAYLOAD 1]
MEIDEX CREW CONTACT | THE MEIDEX DOOR WILL BE CLOSED AND POWER REMOVED DURING
EVA'S TO AVOID INADVERTENT DOOR MOTION AND CREW CONTACT.
SOLSE CREW CONTACT | THE SOLSE DOOR WILL BE CLOSED AND POWER REMOVED DURING
EVA'S TO AVOID INADVERTENT DOOR MOTION AND CREW CONTACT.
SOLCON CREW CONTACT | THE SOLCON COVER WILL BE CLOSED DURING EVA TO AVOID
INADVERTENT COVER MOTION AND CREW CONTACT.
LPT RF/EMI THE LPT POWER AND TRANSMITTER IS DISABLED WITH THREE INHIBITS
(2 SSP INHIBITS, 1 GROUND COMMAND).
COM2PLEX MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).
MSTRS MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).
STARNAV MOLTEN METAL PAYLOAD POWER WILL BE REMOVED PRIOR TO EVA TO ELIMINATE THE
POTENTIAL OF MOLTEN METAL RESULTING FROM CREW KICK LOADS
APPLIED TO POWERED CABLES (REF. SH HR I-11).
®DN62 ]
[1]  ALL FREESTAR PAYLOAD HARDWARE WITHIN 24 INCHES OF THE SILL EVA TRANSLATION PATH IS SAFE FOR

CONTACT BY THE CREW. THE ONLY PORTION OF FREESTAR WHICH IS WITHIN 24 INCHES OF THE ORBITER
SILL TRANSLATION PATH IS THE OUTER PORTION OF THE MPESS AND ITS MOUNTING HARDWARE. NONE OF
THE EXPERIMENTS ON FREESTAR ARE WITHIN 24 INCHES OF THE ORBITER SILL TRANSLATION PATH. THE
FOLLOWING AREAS ON FREESTAR ARE IDENTIFIED AS SUSCEPTIBLE TO EVA KICKLOADS FOR MISSION
SUCCESS REASONS: ELECTRICAL WIRING AND CONNECTORS, ELECTRICAL HARNESS BRACKETS AND THE LPT
18-INCH TRANSMIT ANTENNA AND PEDESTAL. IN ORDER TO PROTECT THESE COMPONENTS, THE FREESTAR
KEEPOUT ZONE IS ANYWHERE ON THE PAYLOAD OUTSIDE OF THE EVA TRANSLATION ZONE. ®[DN 62 ]

Thisinformation in thistable is derived from a variety of sources including but not limited to: Payload
safety assessments, hazard reports, sharp edge inspections, payload walkdowns, and EMU certification
limits. Proper management of each of these hazardsis required to ensure EVA crew safety and/or

proper EMU operation.
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107_15A-2 SPACEHAB EVA CONSTRAI NTS

A.  THE FOLLOWN NG EXPERI MENTS ARE NOT CERTI FI ED TO OPERATE AT
10. 2 PSI:

1. ARMS @pDN33 ]

2 CM 2
3. Mav
4 ZCG

ARMS, CM-2, MGM, and ZCG are not certified to operate in the 10.2 environment. Operation of the SH
Module at 10.2 would require these payloads to be deactivated. Although ARMS materials are certified for
a 30 percent Oy environment, it will not be allowed to operate in this case due to higher 0, concentrations
within the payload (per PSRP agreement). ®DN33 ]

B. IN THE EVENT OF AN EVA, SPACEHAB W LL BE CONFI GURED FOR SAFE
ENTRY AND THE HAB WLL REMAIN AT 14.7 PS|.

Thisruleisin support of Rule {A2-317}, EVA CONSTRAINTS, and defines the strategy for Spacehab
management for an EVA. There are no scheduled or unscheduled EVA's planned for STS-107. Possible
contingency EVA's include Ku-band antenna stow and Payload Bay Door closure. These contingency
EVA’'s do not require a 10.2 psi pre-breathe protocol such that the orbiter will remain at 14.7 psi. In
preparation for airlock depress, the Spacehab will be configured for safe entry and the hatch closed. If
experiment operations were originally planned during the time of the contingency EVA, experiment
operations that do not require crew interaction may continue. ®[ED ]
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GENERAL

107_18A-1 BONDLI NE ENTRY | NTERFACE (El ) TEMPERATURES

MAXI MUM ALLOMBLE BONDLI NE ENTRY | NTERFACE (El) TEMPERATURES ARE
BASED ON STRUCTURAL CONSTRAI NTS AND FLI GHT- SPECI FI C PARAMETERS
FOR VEH CLE LOADING. THE LIM TS LI STED BELOW ARE THE LANDI NG
OPPORTUNI TY- | NDEPENDENT LIM TS FOR STS-107:

DESCRIPTION TEMPERATURE MAX LIMIT,
MEASUREMENT NO’S DEG F
PLBD V3771000 66.0
V3771006 66.0
V3771002 81.0
V3771004 81.0
PORT (STBD) V09T1012(14) 100.3
V09T1724(20) 119.6
V09T1030(28) 61.4
V34T1106(08) 118.9
V3471102(04) 69.9
TOP V09T1524 67.0
V09T1004 92.3
V0971024 92.3
BOTTOM V09T1624 122.2
V09T1702 97.5
V0971000 92.2
V0971002 92.2
V09T1016 100.3
V0971022 99.3
V3471110 89.3
V3471112 89.3

These are the STS-107 flight-specific limits, as referenced in Rule {A18-401B}, THERMAL
PROTECTION SYSTEM (TPS) BONDLINE TEMPERATURES. Theterm“ Opportunity-Independent”
refersto the representative set of deorbit opportunity cases from which these limits are derived. The
limits listed represent the most restrictive for each MSD from all of the cases including a weight change
of up to 3000 Ibs and a cg shift of up to 3inches. e[ED ]

DOCUMENTATION: STS-107 Flight Design Product DSCT-29, January 11, 2002.
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107_18A-2 ORBI TER FREON FLOW PROPORTI ONI NG VALVE ( FPV) USACE

THE TWO ORBI TER FREON FPV'S W LL NOM NALLY BE USED ACCORDI NG TO
THE FOLLOW NG PLAN:

A.  PRELAUNCH ( PONERED ASCENT): ONE FPV I N THE | NTERCHANGER
(ICH POSITION AND ONE FPV | N THE PAYLOAD HEAT EXCHANGER
(PLHX) POSI TI ON UNTI L LAUNCH M NUS 2 HRS. AT THAT PO NT,
BOTH FPV''S ARE PLACED IN I CH FOR ASCENT. @[crs5617C ]

Both FPV' s must be in ICH for ascent. However, cold soaking the Spacehab module prelaunch via one
FPV in PLHX keeps the predicted modul e temper atures acceptable until post insertion. It isdesired to

keep the SH Module temperature below 85 deg F during ascent for the FRESH-2 payload. Moving the

FPV back to the ICH position still guarantees a nominal crew cabin temperature at ingress and during

ascent.

B. ONCRBIT 14.7 PSI OPS:

1. AFTER SUCCESSFULLY REACH NG ORBI T (POST | NSERTIQN), ONE
FPV WLL BE PLACED I N “PLHX" POSI TI ON UNTI L DECRBI T PREP.

2. THE SECOND FPV WLL BE TAKEN TO “PLHX’ NO EARLI ER THAN
THE END OF SPACEHAB ACTI VATI ON BUT BEFORE ACTI VATI ON OF
WATER COOLED EXPERI MENTS. EXACT TI M NG OF SECOND FPV
MOVEMENT W LL DEPEND ON AN ASSESSMENT OF ORBI TER AND
SPACEHAB CABI N TEMPERATURES.

C. DECRBIT PREP/ENTRY: AT THE END OF SPACEHAB ENTRY PREP ONE
FPV WLL BE RETURNED TO “ICH'. THE OTHER FPV W LL BE
RETURNED TO “1 CH AT THE BEG NNI NG OF DECRBI T PREP FOR ENTRY
AND LANDI NG FOR EXTENSI ON DAYS, AN FPV IN “PLHX" IS

REQUI RED TO MAI NTAI N SPACEHAB W THI N THERVAL REQUI REMENTS. @[pN
68 ] ®[CR5617C ]

THI'S RULE CONTI NUED ON NEXT PAGE
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107_18A-2 ORBI TER FREON FLOW PROPORTI ONI NG VALVE (FPV) USAGE
( CONTI NUED)

Thermal Analysis shows that to maintain Spacehab within the limits required to satisfy payload thermal
requirements both FPV' s arerequired to bein “ PLHX" when Spacehab and Spacehab payloads arein
their on-orbit configuration (reference Rule {107_17A-1}, SPACEHAB ENVIRONMENTAL CONTROL
AND LIFE SUPPORT (ECLS) REQUIREMENTS). However, real-time assessment of the actual orbiter
cabin temperature following the ascent phase may result in delaying the second val ve movement to
payload until such time that this temperature decreases to more desirable levels (less than 80 deg F;
reference Rule {A17-152}, CABIN TEMPERATURE CONTROL AND MANAGEMENT). Flight data
shows that orbiter cabin temperatures typically range from 79 to 84 deg F following ascent. Delaying
the second FPV movement to PLHX will aid in decreasing orbiter cabin temperatures at a significantly
higher rate than if both FPV' swereto bein PLHX. The delay will not be so long as to compromise
SPACEHAB thermal constraints and conditions, and will be done before activation of SPACEHAB
water-cooled experiments. A single FPVisrequired to bein“ PLHX” with Spacehab in the entry
configuration until the start of deorbit prep to assure that the Spacehab thermal limits are not violated
during entry and post-landing. It is desired to keep the SH Module temperature below 85 deg F during
entry and post-landing for the FRESH-2 payload. ®DN68 ] ®CR5617C ]

D. POSTLANDING BOTH FPV'S WLL BE IN THE “1 CH PGOSI TI ON
UNTI L REQUESTED FOR PAYLQOAD COCLI NG NO LATER THAN ONE HOUR
AFTER LANDI NG BUT NO EARLI ER THAN CREW EGRESS. THEN ONE
FPV IS PLACED | NTO THE “PLHX" POSI TI ON FOR THE DURATI ON OF
EARLY EXPERI MENT RETRI EVAL OPERATIONS. | F CREWEGRESS | S
DELAYED PAST LANDI NG PLUS ONE HOUR, POSI TI ONI NG THE FPV' S
TO “PLHX” W LL BE DELAYED UNTI L AFTER CREW EGRESS. @[crR5617C ]

Moving one FPV to PLHX allows Spacehab to maintain module temperature during early experiment
sampleretrieval operations. Waiting until crew egress to move one FPV to PLHX maximizes orbiter
cabin cooling for crew comfort until ground ventilation can be connected. Thermal analysis shows that
the Spacehab module air temperature will reach approximately 85 deg F after 3.5 hours and 90 deg F
after 6 hours of operation with both FPV'sin* ICH” while in the descent/post-landing configuration. It
is desired to keep the SH Module temperature below 85 deg F during post-landing for the FRESH-2
payload. ®pDN68 ]
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107_18A-3 END- OF- M SSI ON' THERVAL CONDI T1 ONI NG

THE ATTI TUDES FOR THE LAST 15 HOURS PRI OR TO THE START OF THE
DECRBI T PREP WLL BE RESERVED FOR THERVAL CONDI TIONING. TH' S
WLL CONSI ST OF 5 HOURS CF BOTTOM SUN AND 10 HOURS OF —ZLV -YVWV.
PRECEDI NG THI S 15- HOUR PERI OD, SOVE SECTI ONS OF THE ATTI TUDE

TI MELI NE ARE BEI NG FLOMN —ZLV -YW IN ORDER TO M NI M ZE NEED FOR
FUTURE BELLY SUN. NOM NALLY, THE THERMAL CONDI TI ONI NG PROTECTS
FOR NEOM + 2 REVS, HOMEVER, FOR THIS FLIGHT, NEOM+ 1 REV I S

BEI NG PROTECTED. e[crs5505 |

Thermal conditioning will be required for the BET and main landing gear tires prior to the deorbit prep.
It will consist of biased belly Sun to warm the tires and bay Earth, nose north toward the Sun (-ZLV -YWV)
to decrease the BET. The duration of the belly Sun attitude may be readdressed in real time to meet the
actual conditions at the end of mission (launch delay, actual temperatures differing from predictions, etc).
The EOM conditions specified in Rule {A2-110}, STRUCTURES THERMAL CONDITIONING, are not
sufficient due to the extremely high mission-specific NEOM tire limit of 12 degrees. e[ED ]

Rationale: Engineering judgment ®[CR 5505 |

107_18A-4 WATER LI NE HEATER MANAGEMENT

EXCEPTI ONS TO WATERLI NE HEATER MANAGEMENT RULE:
NONE | DENTI FI ED

In support of Rule {A18-555}, WATER LINE HEATER MANAGEMENT. Need to list any exceptions to
the generic rule on management of the water line heaters, in particular, in attitude management deltas
for loss of water line heaters. ®[ED ]
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107_18A-5 RDM CONDENSATE STORAGE TANK ( CST) / CONTI NGENCY
WATER CONTAI NER ( CWC) MANAGEMENT

A, COWC STOMGE CONSTRAI NTS

1. A SPACEHAB CWC TO BE NOM NALLY STOWED | N SPACEHAB FOR
ENTRY IS LIMTED TO 32 LBS OF WATER

If the final Spacehab CWC is to be stowed inside the Spacehab module, the designated CWC stowage
location for STS-107 (on the module ceiling) can structurally accommodate 32 |bs of water.

2. A SPACEHAB COWC TO BE NOM NALLY STOWED IN THE ORBI TER FOR
ENTRY IS LIMTED TO 95 LBS OF WATER

If the Final Spacehab CWC is to be stowed in the orbiter, the designated orbiter stowage locations (per
Rule {107_10A-4}, FILLED CWC STOWAGE MANAGEMENT, can accommodate 95 Ibs.

B. COWC REFILL AND DUMP CONSTRAI NTS

1. OWC S MAY BE FILLED A MAXI MUM OF TWO CYCLES (ONE | NI TI AL
FILL PLUS A REFILL).

2. ONC S MAY BE DUVPED OVERBOARD A MAXI MUM OF TWD CYCLES
(ONE I NI TIAL DUVP PLUS ONE ADDI TI ONAL DUMNP) .

3. FOR PURPCSES OF COUNTI NG FI LLS AND DUMPS, A PARTI AL DUWP
O A CWC COUNTS AS ONE CYCLE. epDN37 ]

For life-cycle considerations, each CWC is certified for a maximum of two fills or dumps. Once the
CWC isdumped, a cycleis complete. Partial fills and dumps only count as one cycle if that dump has
emptied the bag fully, or the dump has gone on long enough such that a significant fraction of the
water has gone overboard. For example, full CWC’s from STS-108 (approx 75-91 Ibm avg) took
around 45 min to an hour to dump. Therefore, a dump of around 30 min would be considered a
“gignificant fraction” . However, if a dump only lasted 3 min and had to stop, that would likely not be
considered “ significant” (and therefore, that CWC could still be used again without it counting as one
full cycle). In either case, real-time consultation with MER Engineering personnel would then occur,
and the dump signature examined to determine if a significant fracture was dumped.

THI'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-5
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_18A-5 RDM CONDENSATE STORAGE TANK ( CST) / CONTI NGENCY
WATER CONTAI NER ( COWC) MANAGEMENT _ ( CONTI NUED)

C. THE LAST CST TO CWC TRANSFER TO BE | NCLUDED IN A CWC DUWP
SHALL OCCUR SUCH THAT SUBSEQUENT CST TO CWC TRANSFERS DO NOT
EXCEED THE NUMBER OF AVAI LABLE CWC STOMACGE LOCATIONS. TO
PROTECT FOR SPACEHAB REI NGRESS ON WAVE- OFF DAYS, THE
ADDI TI ONAL CONDENSATE PREDI CTED FOR OPEN HATCH OPERATI ONS
MUST BE ACCOVMODATED W THOUT REQUI R NG AN OVERBOARD DUMP ON
VWAVE- OFF DAYS.

Thetime of the last CST transfer to a CWC to be dumped overboard is driven by the collection rate
following this transfer and the available stowage | ocations to accommodate CWC’ s used for subsequent
CST to CWC transfers performed after the last overboard dump. Although this rule does not imply a
requirement to re-ingress the Spacehab on wave-off days, if the Spacehab is re-ingressed, the additional
condensate collected while the crew is in the Spacehab must be accounted for without requiring an
overboard dump. The additional condensate collected must either be accounted for by extra ullagein the
CST, ullage in a partially filled CWC, or another available stowage location for an additional CWC.

D. THE CST WLL BE MANAGED SUCH THAT A TRANSFER OF THE CST TO A
CWC WLL NOT BE REQUI RED FOR EXTENSI ON DAYS.

Snce the Spacehab CWC is disconnected and stowed for entry (nominally 7.5 hrs before TIG),
condensate is collected in the CST and cannot be transferred to a CWC after this point. Per Rule
{A18-606}, RDM CONDENSATE STORAGE TANK (CST)/CONTINGENCY WATER CONTAINER
(CWC) MANAGEMENT, the CST must not exceed a pressure of 15 psi. The CST will be managed
such that the final CST to CWC transfer before hatch closure will allow the CST to accommodate any
condensate that will be produced from the final transfer through two extension days including 52.5 hrs
from the nominal end of mission TIG to the last EOM + 2 deorbit opportunity, 1 hr for entry, and 7
hoursfor R+7 retrieval. If Spacehab is re-entered on waveoff days, the CST may have to be

transferred to a CWC since mor e condensate will be collected when the crew isin the module.
®[ED ]
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107_18A-6 SPACEHAB SUBSYSTEM WATER LOOP NMANAGEMENT

THE SUBSYSTEM WATER LOCP OR WATER LI NE HEATERS MUST BE ACTI VE
PRI OR TO PAYLOAD BAY DOOR OPENI NG AND MUST REMAI N ACTI VE THRU
El -10 M NUTES, UNLESS ATTI TUDE MANAGEMENT | S | NVOKED. @[cr5551 ]

Thisruleis intended to supersede paragraph C of Rule {A18-552}, SPACEHAB SUBSYSTEM WATER
LOOP MANAGEMENT. Boeing thermal analysis (MDC 93W5633) indicates at least 2 hours exists
before damage to the PLHX is possible due to freezing for stagnant water lines without heaters with the
PLB doors closed. Between EI-10 and postlanding wheel stop (approximately 1 hour), the crew isin their
seats and are considered to be unavailable to initiate Orbiter Water Line Heatersvia L12 panel switch
action. The SPACEHAB half of the water line heaters can beinitiated by crew action on panel C3.
Attitude Management in place of either loop flow or line heatersis addressed in Rule {A18-555},
WATER LINE HEATER MANAGEMENT. @[crR5551 ] ®[ED ]

STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-7
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 12/19/02 FINAL, PCN-1 THERMAL 18-8
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 17 - LI FE SUPPORT

GENERAL
107_17A-1 SPACEHAB ENVI RONVENTAL CONTROL AND LI FE

SUPPORT (ECLS) REQUIREMENTS .. ..., 17-1
107_17A-2 MODULE ATMOSPHERI C CONTROL © . e e e 17- 2
107_17A-3 USE OF SPACEHAB VOLUME Al R TO SUPPORT A

SHUTTLE CABIN LEAK . o o oo oo oo e 17-3
107 _17A- 4 EXPERI MENT VENT VALVE . .. 17-3
107_17A-5 RDM LI OH CANISTER . e 17-3
107_17A-6 CABI N TEMPERATURE MANAGEMENT ... ..\, 17-4
107_17A-7 WES CONSTRAI NTS . . oo v ettt 17-6
107_17A-8 RDM FAN START-UP OPERATIONS . . ..ot 17-7
STS-107 06/20/02 FINAL LIFE SUPPORT 17-i

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 06/20/02 FINAL LIFE SUPPORT 17-ii
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 17 - LI FE SUPPORT

GENERAL

107_17A-1 SPACEHAB ENVI RONVENTAL CONTROL AND LI FE SUPPORT
(ECLS) REQUI RENMENTS

A.  DURI NG OPERATI ONS OF SPACEHAB ACTI VELY COOLED EXPERI MENTS,
THE ORBI TER CABI N ATMOSPHERE MUST BE MAI NTAI NED W THI N THESE
SPECI FIED LIM TS:

THERE ARE NO SPACEHAB EXPERI MENTS THAT REQUI RE THAT THE
ORBI TER CABI N ATMOSPHERE BE MAI NTAI NED OQUTSI DE THE NOM NAL
RANGE FOR STS-107.

B. THE FOLLOWN NG PAYLOADS REQUI RE SPECI FI C ENVI RONVENTAL
CONTROLS | N EXCESS OF NORVAL SUBSYSTEM REQUI REMENTS.
TEMPORARY | NCREASES ABOVE THE LIM T DURI NG PREPLANNED FES
| NHI BI TS WHENEVER NEI THER CM 2 NOR VCD ARE ACTI VE ARE
ACCEPTABLE. SPACEHAB POCC CONCURRENCE IS REQUI RED FOR FES
I NHIBITS NOT IN THE ORI G NAL FLI GHT PLAN. @pDNSO ]

CONDITION REQUIREMENT
NEITHER VCD NOR CM-2 ACTIVE EVAP OUT T ? 50 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
BOTH VCD AND CM-2 ACTIVE EVAP OUT T ? 41 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
VCD ACTIVE, CM-2 NOT ACTIVE EVAP OUT T ? 45 DEGREES WITH BOTH FPVS IN THE PL HX POSITION
VCD NOT ACTIVE, CM-2 ACTIVE EVAP OUT T ? 50 DEGREES WITH BOTH FPVS IN THE PL HX POSITION

Thermal Analysis shows that to maintain SPACEHAB within the limits required to satisfy payload thermal
requirements, both FPV' sarerequired to bein“ PLHX” when Spacehab and Spacehab payloads arein
their on-orbit configuration (reference Rule {107_18A-2}, ORBITER FREON FLOW PROPORTIONING
VALVE (FPV) USAGE). Analysis results show, to meet the predicted Spacehab thermal loads with only
one FPV in the PL position, the EVAP OUT temperature would have to be 35 deg F or less, whichis
outside the system capabilities. The normal orbiter evaporator outlet temperature with the Flash
Evaporator System (FES) activated is 38 to 40 deg F. However, with the FES deactivated, the temperature
could range between 38 and 65 deg F. ®pN50 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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107_17A-1 SPACEHAB ENVI RONVENTAL CONTROL AND LI FE SUPPORT
(ECLS) REQUI REVENTS ( CONTI NUED)

CM-2 and VCD are the only payl oads that will be directly affected by temporary fluctuations in the
EVAP Out FREON temperature range. All requirements listed in the table above were devel oped
assuming an average SH experiment surface air load of approx 1500 Watts and are imposed to ensure
the successful operation of CM-2 and VCD. FES inhibits which would cause increases in the EVAP Out
temp in excess of these requirements should be excluded during the operation of CM-2 and VCD.

Ouitside the operation of CM-2 and VCD, the EVAP Out temperature should be maintained below 50 deg
F to maintain control of the SH cabin environment (i.e., below 80 deg F). Temporary increasesin the
EVAP Out temperature in excess of 50 deg F are acceptable however sustained increases of the EVAP
Out temperature in excess of 50 deg F can adversely impact the ability of the SH ECSto maintain the SH
module environment below 80 deg F. As noted previously, this limit on the EVAP Out temperature
assumes approximately approx 1500 W of experiment surface air load. Actual surface air heat loads can
approach approx 2300 W for STS-107 and may require that the EVAP Out temperature be maintained
below 41 deg F (i.e., nominal range as described in ICD-A-21426-RDM).

C. THE FOLLOW NG EXPERI MENTS NOM NALLY RELEASE GASES | NTO THE
CABI N:

ARMS, FRESH 2 AND VCD epN50 ]
In support of Rule {A17-651}, SPACEHAB ENVIRONMENTAL CONTROL AND LIFE SUPPORT

(ECLS) REQUIREMENTS. Detailed information on the amount and type of gasesis contained in the
Hazardous Material Summary Table, STS- 107 PGSC software application. ®DpN50 ] ®[ED ]

107_17A-2 MODULE ATMOSPHERI C CONTROL

THE ORBI TER ENVI RONVENT W LL BE MANAGED TO ALLOW THE MODULE TO
OPERATE W THI N THE FOLLOW NG GUI DELI NES:

NONE | DENTI FI ED

In support of Rule {A17-652}, SPACEHAB SUBSYSTEM FAN/AIR LOOP. Thisruleidentifies any
deviations from the generic rule atmospheric requirements. ®[Ep ]
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107_17A-3 USE OF SPACEHAB VOLUVE Al R TO SUPPCORT A SHUTTLE
CABI N LEAK

IN THE EVENT OF AN UNI SOLATABLE SHUTTLE CABI N LEAK, ANY AVAI LABLE
SPACEHAB Al R MAY BE USED TO EXTEND THE TIME ON-ORBI T TO AVOI D A
BAI LOUT S| TUATI ON OR TO ALLOW LANDI NG AT A MORE DES| RABLE LANDI NG
SITE (REF RULE {A2-205C}, EMERGENCY DEORBIT). eEp |

Landing at a CONUS site (KSC, EDW, NOR) is more desirable than at an emergency landing site or
bailout. Other factors such aslighting, landing aids, shuttle energy state, weather, etc. will also affect
the landing decision.

DOCUMENTATION: Engineering judgment

107_17A-4 EXPERI MENT VENT VALVE

THE EXPERI MENT VENT VALVE W LL ALWAYS BE CLOSED WHEN ALL THE CREW
| S ASLEEP UNLESS REQUI RED FOR THE FOLLOW NG EXPERI MENT
OPERATI ONS:

NONE | DENTI FI ED
In support of Rule {A17-754} , EXPERIMENT VENT VALVE. Sncethismission isdual shift ops, there

will be no periods when the crew will be asleep while the Experiment Vent Valveisinuse. ®bN35 ]
®[ED ]

107_17A-5 RDM LI OH CANI STER

THE FOLLOW NG EXPERI MENTS W LL REQUI RE A LI OH CANI STER TO BE
| NSTALLED I N THE CO» REMOVAL ASSEMBLY PRI OR TO ANY NOM NAL HATCH
CLOSURE | N ORDER TO PRESERVE SClI ENCE:

FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH ( FRESH)

In support of Rule {A17-758}, RDM LIOH CANISTERS. Ruleis to define experiments that require LiOH
changeouts before nominal hatch closure. ®[ED ]
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107_17A-6 CABI N TEMPERATURE NMANAGEMVENT

A ONORBIT PONERDOMNS:

1. CHECK SPACEHAB CABI N TEMPERATURE SETTI NG PRI OR TO

| MPLEMENTI NG El THER ORBI TER OR SPACEHAB PONERDOAN STEPS.
®DN47 ]

2. | F ADDI TI ONAL EQUI PMENT PONERDOMN | S REQUI RED TO MAI NTAI N
ORBI TER CREW CABI N TEMPERATURE, THE FOLLOW NG TABLE W LL
BE USED ( DEPENDENT ON M SSI ON ACTIVITIES). EQU PMENT
POANERED ON BUT NOT IN USE WLL BE POANERED DOMN | N ORDER
OF PRIORI TY BEFORE POVNERI NG DOMN EQUI PMENT BEI NG USED FOR
EXPERI MENT OR ORBI TER OPERATIONS. THI S LIST IS TO BE
CONSI DERED AS SUPPLEMENTAL TO THAT CONTAI NED | N RULE

{A17- 152}, CABI N TEMPERATURE CONTROL AND MANAGEMENT.
®[ED ]

EQUIPMENT ELECTRICAL COMMENT
LOAD (WATTS)
ERGOMETER 20 CAN BE USED IN NON-POWERED MODE
STS1PGSC 60-65 OCA ROUTER - 760XD ON SINGLE SLOT AC EXPANSION UNIT.
REQUIRED FOR OCA OPERATIONS.
STS2 PGSC 60-65 WINDECOM — 760XD ON SINGLE SLOT AC EXPANSION UNIT. NO
STS-107 PAYLOADS REQUIRE PCMMU DATA VIA WINDECOM.
STS3 PGSC 60-65 PROSHARE — 760XD ON SINGLE SLOT AC EXPANSION UNIT.
REQUIRED FOR KFX OCA OPERATIONS.
STS4 PGSC 40 WORLDMAP — 760XD W/O EXPANSION UNIT, DC POWER.
CREW SITUATIONAL AWARENESS.
PL1 PGSC 40 MEIDEX — 760XD W/O EXPANSION UNIT, DC POWER.
REQUIRED DURING MEIDEX OPERATIONS.
PL2 PGSC 40 SOLSE-2 — 760XD W/O EXPANSION UNIT, DC POWER.
REQUIRED DURING SOLSE-2 OPERATIONS.
TV MONITOR COLOR 56 (NOM) USED FOR MEIDEX OPS
86 (MAX)
MUX (DTV) 73 NEEDED FOR DOWNLINK DTV. DTV POWER IS CONFIGURATION
DEPENDANT. 73 WATTS REPRESENTS THE WORST-CASE
CONFIGURATION.
DSR-20 50 CAN BE USED FOR RECORDING MEIDEX
CAMCORDER 10 PAO OPS, MEIDEX, LIMITED PAYLOAD OPS
V10 18 PAO OPS, MEIDEX, LIMITED PAYLOAD OPS
SPACEHAB-POWERED | 492 IMPACTS SCIENCE. SPACEHAB MIDDECK PAYLOADS INCLUDE
MIDDECK PAYLOADS BIOPACK AND BIOPACK GLOVEBOX, CMPCG, CEBAS, OSTEO, AND
BRIC.
®DN36 ] ®DN47 ] ®DN82 ] ®CR5549 ]

TH'S RULE CONTI NUED ON NEXT PAGE
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Spacehab cabin temperature adjustments can influence both Hab and orbiter cabin temperature
conditions. A crew adjustment of the Hab cabin temp setting may be the cause of higher tempsin either
volume, and an adjustment may be all that is required to deal with higher temperature conditions. With
the exception of the color monitor (due to its use for MEIDEX ops), all items listed above are not
mentioned in Rule {A17-152}, CABIN TEMPERATURE CONTROL AND MANAGEMENT. Theitemsin
this flight-specific rule should then be considered for powerdown in addition to those listed in the Rule.
The priority given to each item to be considered for potential powerdown is dependent on ongoing
operations at thetime. ®DN47 ] ®ED ]

3. | F EQU PMENT POANERDOMWN |'S REQUI RED TO MAI NTAI N THE
SPACEHAB MODULE TEMPERATURE, THE FOLLOW NG TABLE W LL BE
USED ( DEPENDENT ON M SSI ON ACTIVITIES). EQU PMENT
POANERED ON BUT NOT I N USE WLL BE POANERED DOMN | N ORDER
OF PRIORI TY BEFORE POVNERI NG DOMN EQUI PMENT BEI NG USED FOR
EXPERI MENT OR SPACEHAB OPERATI ONS.

EQUIPMENT ELECTRICAL COMMENT
LOAD (WATTS)
AUX LIGHT 105 AC POWERED AUX LIGHT AVAILABLE FOR USE IN SH MODULE.
HIGHLY DESIRABLE DURING HLS BLOOD DRAWS.
PL3 PGSC (SH) 70-80 SH SUBSYSTEM — 760XD ON SINGLE SLOT AC EXPANSION UNIT.
NO REQUIRED OPERATIONS.
SH AFT MODULE LIGHT | 20 LIGHTS IN AFT MODULE OF SH CAN BE SWITCHED OFF
INDIVIDUALLY.
PAO CAMCORDER 20 LOSS OF PAO VIDEO IN SH MODULE
SH MOD MODULE EXPERIMENT IMPACTS SCIENCE.
PAYLOADS DEPENDENT
®DN36 ]
B. ENTRY:

CABI N TEMPERATURE W LL BE MANAGED AS FOLLOAS TO ENSURE
ADEQUATE ENTRY TEMPERATURES | N ACCORDANCE TO RULE {A13-31},
CREW CABI N TEMPERATURE LIM TS: eED ]

1. PRIOR TO THE LAST PRE-SLEEP PERI OD OF EOM 1, THE CABI N
TEMP CONTRCOLLER W LL BE AUTOVATI CALLY DRI VEN TO A
PCSI TI ON TO ACH EVE A CABIN TEMP OF 70 DEG F AT CREW WAKE
ON ENTRY DAY.

THI'S RULE CONTI NUED ON NEXT PAGE
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2. PRIOR TO THE LAST PRE-SLEEP PERI GD OF EOM 1, | F SLEEP
TEMPERATURES W LL BE UNACCEPTABLY COLD, PER CDR AND
SURGEON AGREEMENT, THE CABI N TEMP CONTROLLER POSI TI ON CAN
BE CONFI GURED TO PROVI DE A COMFORTABLE SLEEP ENVI RONMENT
VWH LE STILL STRI VING TO ACH EVE THE OPTI MAL COLDSOAK.

3. THE CABI N TEMPERATURE CONTROLLER BYPASS VLV WLL BE
AUTOVATI CALLY DRI VEN TO THE “FULL COOL” POSI TI ON, POST
SLEEP OF ENTRY DAY.

4. ACTION WLL NOT BE TAKEN TO REDUCE CABI N TEMPERATURE | F
THE DY O PREP TI MELI NE HAS BEEN ENTERED.

5. FOR WAVECFF DAYS, PREFLIGHT ANALYSIS WLL D CTATE THE
LEVEL OF ACCEPTABLE POAER (ElI THER GROUP B OR C PONERDOVWN)
TO OBVI ATE CABI N TEVMPERATURE CONCERNS.

| Dueto STS107 being a dual-shift flight, a flight-specific modification of Rule {A17-152}, CABIN
TEMPERATURE CONTROL AND MANAGEMENT, was necessary, since that rule only dealswith
single-shift flights. Pre-flight thermal analysis indicates that positioning the cabin temp controller in the
manner described above will achieve the desired post-landing crew cabin temperatures. ®[ED ]

107_17A-7 WCS CONSTRAI NTS

NO DUMPI NG OF URI NE SAMPLES | NTO THE WASTE CCOLLECTI ON SYSTEM
(WCS) IS PERM TTED W THOUT COVPLETI ON OF ANALYSI S DETERM NI NG
THAT THI S | S ACCEPTABLE. @[cR5494A ]

PhAB4 Urine Collection Bags (UCB's) contain a Lithium Chloride (LiCl) volume marker. The effect of
interaction of LiCl in any amount with the main constituent (Oxone? ) of the Shuttle Urine Pretreat
Assembly (SUPA) is unknown at this time, pending completion of chemical analysis. Results thus far
show no real chance for poisonous species formation (upon combination of LiCl and Oxone? ), as well
as no increased corrosion risk from LiCl in combination with Oxone? . Therisk is thought to be
primarily fromincreased solids formation, which could severely hamper WCS operations or even negate
them completely. Until that risk is shown to be reasonably low or even non-existent, no urine samples
containing LiCl should be dumped into the WCS. This most likely cannot be done prior to the flight of
STS107. However, if the analysisis completed and results received post STS-107 launch, and should
those results show little to no increased risk of solids formation, consideration will then be given to
dumping urine samples into the WCS if required.

DOCUMENTATION: Engineering judgment, K. Chhipwadia STS-107 January 2002 |PT presentation
®[CR 5494A |

STS-107 12/19/02 FINAL, PCN-1 LIFE SUPPORT 17-6
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_17A-8 RDM FAN START- UP OPERATI ONS

ALLOW AT LEAST 6 SECONDS AFTER ANY FAN I S PONERED UP PRICR TO
PONERI NG ON ANY ADDI TI ONAL RDM FAN. @[cr5550 |

PDU and APDU circuit design provides over current protection for ARS and HFA(2) fan start-up,
respectively. The circuit design inhibits full current draw for approximately 5.5 seconds after the ON
command isinitiated. Prior to the end of this current limiting period, the fan being powered up may not
achieve full operational status. Additional fan start-ups during this time may hinder the optimal flow of
theair in the system. Additional SPACEHAB RDM fan startup constraints are listed in Rules {A17-704},
CABIN/HFA FAN and {A17-705}, ATMOSPHERE REVITALIZATION SYSTEM (ARS) FAN. ®[ED ]

DOCUMENTATION: Memo 2H-SPACEHAB-02063. ®[CR 5550 ]
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SECTI ON 19 - SPACEHAB

GENERAL

107_19A-1 SPACEHAB M NI MUM M SSI ON OBJECTI VES

THE FOLLOW NG PAYLOAD M SSI ON OBJECTI VES ARE DEFI NED AS M NI MUM
M SSI ON REQUI REMENTS FOR A NOM NAL DURATI ON M SSI ON.  @®[CcrR5544B ]

REFERENCE RULES {107_11A-4}, CCTV REQU REMENTS, {107_19A- 3},
EXPERI MENT POAER | NTERRUPT CONSTRAI NTS, {107_2A-63}, M CROGRAVI TY
CONSTRAI NTS, AND {107_2A- 71}, ATTI TUDE/ PO NTI NG CONSTRAI NTS, FOR
REQUI REMENTS | N SUPPORT OF M SSI ON OBJECTI VES.

A. ADVANCED PROTEI N CRYSTALLI ZATI ON FACI LI TY (APCF) REQUI RES
CONTI NUOUS POVNER THROUGH DEACTI VATI ON.

APCEF is autonomous, and operates independently of crew intervention. APCF activation and
deactivation are required in support of mission objectives.

B. ADVANCED RESPI RATORY MONI TORI NG SYSTEM ( ARMS) REQUI RES
COVPLETI ON OF THE FOLLOW NG 27 ACTIVITY SETS:

2 REBREATHE 1A RUNS AND 1 REBREATHE 1B RUN

1 MUSCULAR 1A RUN, 5 MJSCULAR 1B RUNS, AND 2 MJUSCULAR 1C RUNS
4 PULMONARY 1 RUNS, 4 PULMONARY 2 RUNS, AND 4 PULMONARY 3 RUNS
4 MUSCULAR 2 RUNS

For maximum mission success, ARMS desires that these runs be executed on time and in the documented
sequence as shown in the Flight Plan. Overall ARMS activities must be preceded by successful setup of
the ARMS hardware and ergometer unit.

C. ASTROCULTURE 10/1 (AST) REQUI RES CONTI NUOUS PONER, 4
SAMPLI NGS (2 WTH VIDEO AND 2 W THOUT), AND OCA FI LE
DOWNLI NKS.  AST 10/ 2 REQUI RES FLU D TRANSFER ACTI VI Tl ES
AND TWO | NSTANCES OF 35 MM STI LL PHOTOS. @[cr5627B ]

AST activities must be preceded by activation. AST 10/2 is unpowered. ®[CR 55448 |

THI'S RULE CONTI NUED ON NEXT PAGE
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D. Bl OBOX REQUI RES CONTI NUOUS PONER. @®[CR5544B ] ®[CR5627B ]

BIOBOX operations are ground commanded with no crew interaction or insight. Experiment monitoring
and commanding are done from the ground.

E. Bl OPACK REQUI RES CONTI NUOUS POVNER BEG NNI NG W TH ACTI VATI ON
AND PERFORVANCE OF THE LEUKI N, BONES, REPAIR, CONNECT,
STROMA, BACTER, YSTRES, AND Bl OKI N EXPERI MENTS.

F. CGRAVI SENSING AND RESPONSE SYSTEM5S OF PLANTS (Bl OTUBE/ MFA)
REQUI RES CONTI NUOUS PONER FROM ACTI VATI ON LATE I N THE M SSI ON
TO DEACTI VATI ON FOR APPROXI MATELY 48 HOURS OF OPERATI ON PRI OR
TO MODULE CLOSEQUT.

The payload software autonomously controls all operations following power-up. Activation and
deactivation are required in support of mission objectives. Reference Rule {107_11A-4}, CCTV
REQUIREMENTS for video requirements.

G BIOLOd CAL RESEARCH | N CANI STERS (BRI C) REQUI RES CONTI NUCUS
POAER UNTI L PONERDOMN AND COVPLETI ON OF LED OPERATI ONS FOR
FOUR CANI STERS, | NHI BI TI ON FOR THREE CAN STERS, AND FI XATI ON
FOR ALL CANI STERS.

H Bl OREACTOR DEMONSTRATI ON SYSTEM ( BDS- 05) REQUI RES 18
| NSTANCES OF MEDI A SAMPLE AND PCBA ANALYSI'S, 7 | NSTANCES OF
CELL SAMPLE AND FI XATI ON, 11 | NSTANCES OF MEDI A TRAY EXAM NE,
AND 6 | NSTANCES OF Tl SSUE SAMPLE 35 MM STI LL PHOTGS.

BDS-05 activities must be preceded by successful activation, setup, and media tray configuration.
Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements.

| . CLOSED EQUI LI BRATED BI OLOG CAL AQUATI C SYSTEM ( CEBAS)
REQUI RES | NI TI AL TAPE | NSTALLATI ON AS EARLY AS PCSSI BLE,
DAI LY TAPE CHANGEQUT, AND CONTI NUOUS PONER.

J. COWERCI AL | TA Bl OMVEDI CAL EXPERI MENT (Cl BX) REQUI RES
ACTI VATI ON PRI OR TO CREW SLEEP ON FLI GHT DAY (FD) 1,
FOUR M D-M SSI ON ADJUSTNMVENTS, AND CONTI NUOUS POVER
®[CR5627B ]

Activation and deactivation are required in support of mission objectives. ®[CR5544B |

THI'S RULE CONTI NUED ON NEXT PAGE
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K. COVBUSTI ON MODULE — 2 (CM 2) REQUI RES COVPLETI ON CF THE
FOLLOW NG ACTI VI TI ES: @[cr5544B ]

Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements and Rule {107_2A-63},
MICROGRAVITY CONSTRAINTS  @®[CR5627B ]

1. LSP - 15 TESTS

LSP tests require successful setup, checkout, LSP integration, VCR checkout, and pre-test
verifications. In support of LSP operations, two CM-2 chamber accesses to changeout equipment,
VCR tape changeouts, startups, shutdown evacuations, chamber fills, and powerdowns are required.
At the end of each test, file downlink isrequired. LSP deintegration is required to remove the LSP
EMS

2. SOFBALL — 15 TESTS

SOFBALL tests require successful EMS integration, checkout, pre-test two-bottlefill, and on-orbit leak
integrity check. In support of SOFBALL operations, SOFBALL power ups, tape changeouts pre-test, GC
flushes and calibrations, TARGA/DDR changeouts, powerdowns and GC bakeout arerequired. At the
end of each test and after last GC calibration, file downlink is required. SOFBALL shutdown isrequired
to remove the SOFBALL EMS

3. MST - 33 TESTS I NCLUDI NG 3 DRY TESTS

MIST tests require successful EMSintegration, startup, and color camera setting adjustment. In
support of MIST operations, chamber accesses to changeout equipment, powerups, chamber bleeds,
powerdowns, and MIST shutdowns are required. At the end of each test, file downlink is required.
MIST deintegration isrequired to remove the MIST EMS  ®[CR 56278 ]

L. COWVWERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROMH ( CMPCG)
REQUI RES CONTI NUOUS PONER.

Activation and deactivation are required in support of mission objectives.

M  COMBI NED TWO- PHASE LOOP EXPERI MENT ( COMRPLEX) REQUI RES
COVPLETI ON OF A LOOP HEALTH CHECK PRICR TO I NI TI AL
OPERATI ONS, 3 NON- CONTI GUAUS, 48 HOUR SESSI ONS OF ATTI TUDE
DEPENDENT GROUND COMVANDED OPERATI ONS, AND ATTI TUDE
| NDEPENDENT GROUND OPERATI ONS.

Activation and deactivation are required in support of mission objectives. Reference Rule {107_2A-71},
ATTITUDE/POINTING REQUIREMENTS for attitude requirements and constraints. ®[CR 5544B ]

THI'S RULE CONTI NUED ON NEXT PAGE
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N. COMMERCI AL PROTEI N CRYSTAL GROMH PROTEI N CRYSTALLI ZATI ON
FACI LI TY (CPCG PCF) REQUI RES CONTI NUOUS PONER.  @[CR5544B ]

Activation and deactivation (once temperature ramp from 4-22 deg C is complete) arerequired in
support of mission objectives.

O EUROPEAN RESEARCH | N SPACE AND TERRESTRI AL OSTEOPORCSI S
(ERI STO REQUI RES 10 CELL FEEDI NGS AND CONTI NUQUS PONER
THROUGH DEACTI VATI ON.  ®[cr5627B ]

Deactivation isrequired in support of mission objectives. The specific intervals at which ERISTO cell
feedings occur are defined in NSTS-21426 Spacehab-GRLM CIP Annex 2, part 1.

P. FACILITY FOR ADSORPTI ON AND SURFACE TENSI ON ( FAST) REQUI RES
ACTI VATI ON NO EARLI ER THAN SH MODULE ACTI VATI ON PLUS 4 HOURS
AND CONTI NUOUS PONER FROM ACTI VATI ON THROUGH DEACTI VATI ON.
FAST REQUI RES 9 GROUND COMVANDED EXPERI MENT RUNS. EACH
EXPERI MENT RUN CONSI STS OF 3 EXPERI MENT SEQUENCES, 3
THERMOREGULATI ONS, AND ONE | NJECTI ON.

Activation and deactivation are required in support of mission objectives. Reference Rule {107_11A-4},
CCTV REQUIREMENTS for video requirements.

Q FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH ( FRESH)
REQUI RES CONTI NUOUS PONER AND WATER REFI LLS AS REQUI RED.

Reference Rule {107_19A-262}, FRESH STATUS CHECKS, for status check requirements.

R HLS - ENHANCED ORBI TER REFRI GERATOR/ FREEZER (EOR/ F) REQUI RES
CONTI NUQUS POVNER FROM ACTI VATI ON ON- ORBI T THROUGH POSTLANDI NG
RETRI EVAL.

EOR/F is a support item for HLS and has no science objectives.

S. HLS - THERMOELECTRI C HOLDI NG MODULE (TEHM) REQUI RES
CONTI NUOUS POVER. @[CR5627B ]

TEHM is a support item for HLS and has no science objectives. The TEHM will also be used for cold
storage of the Vapor Compression Distillation Flight Experiment (VCD FE) sample box. ®[CR5544B ]

TH'S RULE CONTI NUED ON NEXT PAGE

STS-107 12/19/02 FINAL, PCN-1 SPACEHAB 19-4
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_19A-1 SPACEHAB M NI MUM M SSI ON OBJECTI VES _ ( CONTI NUED)

| T. HLS - M CROBI AL PHYSI OLOGY FLI GHT EXPERI MENTS (MPFE) REQUI RES
TRAY #1 ANALYSI S AS EARLY AS PGCSSI BLE, 7 | NSTANCES OF TEST
CARD ANALYSI S, GROWH CONTROL SETUP, AND GROWH CONTROL

TERM NATI ON. @®[CR5544B ] ®[CR5627B |

Activation and deactivation are required in support of mission objectives. The quality of sciencereturn
fromanalysis of card tray 1 quickly diminishes beyond 48 hours after preflight inoculation.

U  HLS - SLEEP REQUI RES THE CREW TO UNSTOW DON ACTI LI GHT WATCHES
AS SOON AS POSSI BLE AFTER ORBIT |'S ACH EVED AND COVPLETE A
SLEEP LOG AS SOON AS PGCSSI BLE AFTER WAKEUP EACH DAY.

ACTI LI GHT WATCHES ARE DOFFED AND STOWED PRI OR TO DY O PREP.

V. HLS - PHYSI OLOGY AND BI OCHEM STRY EXPERI MENT SET ( PHAB4)
REQUI RES DESI GNATED CREWVEMBERS TO PERFORM THE FOLLOW NG

1. ON A DAILY BASIS, | NGEST POTASSI UM Cl TRATE TABLETS W TH
EVENI NG MEAL, COLLECT AND FREEZE SALI VA SAMPLES, COLLECT
AND STORE SALI VA SAMPLES AT AMBI ENT TEMPERATURE.

2. COLLECT AND FREEZE ADDI Tl ONAL SALI VA SAMPLES ON FLI GHT
DAYS 3 AND 12.

3. PCBA ANALYSI S OF BLOOD DRAWN ON FLI GHT DAYS 3-6 AND 12-
15.

In support of PCBA analysis, a functional test and control analysiswill be performed on the PCBA every
day on which blood draws will be performed.

4. COLLECT URI NE SAMPLES ON FLI GHT DAYS 3-6 AND 12-15.

5. ON FLI GHT DAYS 3 AND 12, PHAB-4 CREWWEMBERS BEG N A Tl MED
SEQUENCE OF ACTI VI TI ES | NCLUDI NG FASTI NG BLOOD DRAWS,
ORAL TRACER | NGESTI ON, AND CALCI UM TRACER | NFUSI ON ( FD3
ONLY). ADDI TI ONAL BLOOD DRAWS ARE REQUI RED 24, 48, AND
72 HOURS AFTER ORAL TRACER | NGESTI ON.  @®[CR5544B ] ®[CR5627B |

TH'S RULE CONTI NUED ON NEXT PAGE
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6. | NFUSE DESI GNATED CREWENMBERS W TH HI STI DI NE TRACER ON
FLI GHT DAY 3 AND 12 AT 10-12 HOURS AFTER ORAL CALCI UM
AND ALANI NE TRACER | NGESTI ON AND COLLECT BLOOD SAMPLES
10 M NUTES AFTER HI STI DI NE TRACER | NFUSI ON.  ®[cr5544B ] ®[CR
5627B |

In support of PHAB-4 blood collection, blood samples should stand for 15 minutes prior to centrifuging,
then be centrifuged for 15 minutes, and placed in the EORF within 1 hour 15 minutes of collection.

7. ALL CREWMEMBERS RECORD ALL FOOD, FLUI DS, MEDI CATI ONS AND
EXERCI SE ON DESI GNATED FLI GHT DAYS.

The Bar Code Readers are used to facilitate recording crew intake and will be downloaded to the shared
or subsystem PGSC on Flight Days 4, 6, 13, 14, and 15. The Bar Code Reader batteries will be replaced
on Flight Days 4, 11, and 14.

W  MECHANI CS OF GRANULAR MATERI ALS (M3V) REQUI RES COVPLETI ON OF
THREE RUNS ON EACH OF THREE TEST CELLS, PERFORVMED I N
SEQUENCE.

Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video requirements.

X. M N ATURE SATELLI TE THREAT REPORTI NG SYSTEMS ( MSTRS) REQUI RES
SYSTEM POAER ON PRI OR TO BEG NNI NG OPERATI ONS, ( OPERATI ONS
MJUST NOT BEG N EARLI ER THAN 00/ 16: 00) GROUND COVMANDED OPS
FOR 4 SETS OF 4 CONTI NUOUS ORBI TS EACH, AND A 1 HOUR WARM UP
PRI OR TO EACH SET OF OBSERVATI ONS. EACH OPERATI ONS SET MJST
BE SEPARATED BY 24 HOURS. @[cr5627B ]

Reference Rule {107_2A-71}, ATTITUDE/POINTING REQUIREMENTS for attitude requirements and
constraints.

Y. OSTECPORCSI S EXPERI MENT (OSTEO REQUIRES 11 CELL FEEDI NGS
APPROXI MATELY 24 HOURS APART AND CONTI NUOUS POVNER THROUGH
DEACTI VATI ON.

Deactivation isrequired in support of mission objectives. ®[CR5544B |

TH'S RULE CONTI NUED ON NEXT PAGE
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Z. SPACE ACCELERATI ON MEASUREMENT SYSTEM — FREE FLYER ( SAMS- FF)
REQUI RES PONER DURI NG OPERATI ONS. @®[CR5544B ]

Activation and Deactivation is required in support of mission objectives. SAMSis primarily flown to
provide time correlated microgravity environment data to CM2 and MGM.

AA. STAR NAVI GATI ON ( STARNAV) REQUI RES 20, 30- M NUTE GROUND
COMVANDED DATATAKES. | MVEDI ATELY FOLLOW NG EACH OBSERVATI ON,
5 M NUTES FOR | MAGE DOMNLOAD AND DEACTI VATI ON IS REQUI RED
BEFORE NEXT DATATAKE BEG NS. STARNAV REQUI RES THEI R
OPERATI ONS BE CONDUCTED OVER A M NI MUM FOUR DAY | NTERVAL
BETWEEN THE FI RST AND LAST OPERATI ONS.

Activation and deactivation is required in support of mission objectives. Reference Rule {107_2A-71},
ATTITUDE/POINTING REQUIREMENTS for attitude requirements and constraints.

AB. STARS- BOOTES REQUI RES VI DEO PER RULE {107_11A-4}, CCTV
REQUI REMENTS.

Experiment activation is required twice in support of mission objectives. Reference Rule {107_11A-4},
CCTV REQUIREMENTSfor video requirements.

AC. VAPOR COVPRESSI ON DI STI LLATION (VCD) REQUI RES 6 DAYS OF
EXPERI MENT OPERATI ONS (WATER SAMPLES FOR ALL RUNS EXCEPT
THE FI RST DAY AND Al A VALVE PCSI TIONING FOR 3 QUT OF 6
RUNS) . @[crR5627B ]

Setup, activation, deactivation, and shutdown are required in support of mission objectives.

AD. ZEOLI TE CRYSTAL GROMH (ZCG REQU RES M XING OF 12 CLEAR
AUTOCLAVE UNI TS AND M XI NG OF 19 METAL AUTOCLAVE ASSEMBLI ES
W TH SUBSEQUENT FURNACE PROCESSI NG OF THESE UNI TS. @®[cR5627B ]

Activation, deactivation of the furnace, and stowage of the processed autoclave units arerequired in
support of mission objectives. Reference Rule {107_11A-4}, CCTV REQUIREMENTS for video
requirements. ®[CR5544B ]

STS-107 12/19/02 FINAL, PCN-1 SPACEHAB 19-7
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107_19A-2 SPACEHAB ACTI VATI ON CONSTRAI NTS

| T 1S H GHALY DESI RABLE TO PERFORM SPACEHAB EXPERI MENT DATA SYSTEM
ACTI VATI ON VHI LE ACS.

SPACEHAB POCC highly desires monitoring of the activation steps in order to detect and recover from

any off nominal conditions. If LOS, the crew can continue with the rest of Spacehab activation and then
return to Experiment Data System Activation once AOS. ®DN38 ]

107_19A-3 EXPERI MENT POAER | NTERRUPT CONSTRAI NTS

FOR LCSS OF PONER, THE MAXI MUM TI ME THE FOLLOW NG EXPERI MENTS CAN
SURVI VE W THOUT POAER | S DEFI NED BELOW

A.  SPACEHAB M DDECK EXPERI MENTS
1. OSTEO - 20 M NUTES
2 CEBAS — 15 M NUTES
3 BRIC - 15 M NUTES
4. CWMPCG - 15 M NUTES
5 Bl OPACK - 15 M NUTES eppN6Y ]

TH'S RULE CONTI NUED ON NEXT PAGE
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( CONTI NUED)

B. SPACEHAB MODULE EXPERI MENTS

1.

© 0O N o 0 A~ 0 Db

e S e e N
o & w0 N EBOo

16.

17.

18.
19.

S*T*A*R*S BOOTES - 15 M NUTES

ERI STO - 20 M NUTES

FAST - | MPACTS SCI ENCE RUN I N PROGRESS e@pDN69 ]
APCF -15 M NUTES

BI OBOX - 15 M NUTES

MaGM — | MPACTS SCI ENCE RUN | N PROGRESS
BDS-05 - 30 M NUTES

TEHM - 15 M NUTES

EOR'F — 30 M NUTES

AST - 15 M NUTES

CPCG PCF - 15 M NUTES

FRESH-2 - 15 M NUTES

BI OTUBE - 15 M NUTES

C BX - 15 M NUTES

MSTRS — NONE (I F ATTI TUDE CONSTRAI NTS OBSERVED) | MPACTS
SCI ENCE RUN | N PROGRESS

STARNAV — NONE (I F ATTI TUDE CONSTRAI NTS OBSERVED) | MPACTS
SCI ENCE RUN | N PROGRESS

COMRPLEX — 90 M NUTES (I F EXPOSED TO DEEP SPACE) | MPACTS
SCI ENCE RUN | N PROGRESS

ZCG — | MPACTS SCI ENCE RUN I N PROGRESS epN69 ]
SAMS- FF — 15 M NUTES

TH'S RULE CONTI NUED ON NEXT PAGE
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20. CM 2 — | MPACTS SCI ENCE RUN I N PROGRESS
21. VCD — | MPACTS SCI ENCE RUN | N PROGRESS @[DN69 ]
22. ARMB — | MPACTS SCI ENCE RUN I N PROGRESS
23. HLS MPFE (AVS AND LECS) — 15 M NUTES epnes ]

Continuous power is necessary for preservation of science.

107_19A-4 M DDECK ACTI VI TI ES

SHOULD THE SPACEHAB MODULE BE CLOSED OUT PRI OR TO THE NOM NAL END
OF M SSI ON, CONSI DERATI ON WLL BE G VEN TO PERFORM NG THE
NOM NALLY PLANNED M DDECK ACTIVITIES: @pDN39 ]
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FLIGHT RULES

107_19A-5 SPACEHAB STATUS CHECKS

A.  THE FOLLOW NG PAYLQADS NOM NALLY REQUI RE DAILY STATUS CHECKS:
®[CR5544B |

1. BIOBOX
BRI C
CEBAS
Cl BX
ERI STO
M5TRS

N o o A~ 0 DN

OSTEO

B. THE FOLLOWN NG PAYLOADS NOM NALLY REQUI RE TW CE DAI LY STATUS
CHECKS:

1. APCF
CMPCG
CPCG- PCF

FAST

2

3

4. EORF
5

6 STARS- BOOTES
7

TEHM

107_19A-6 THROUGH 107_19A-10 ARE RESERVED e[cr5544B |
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ADVANCED RESPI RATORY MONI TORI NG SYSTEM

107_19A-11 THROUGH 107_19A-20 ARE RESERVED
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CLOSED EQUI LI BRATED BI OLOQ CAL AQUATI C SYSTEM ( CEBAS)

107_19A-21 THROUGH 107_19A- 30 ARE RESERVED
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M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM ( MSTRS)
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COMVERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROAMH ( CVPCG)

107_19A-41 THROUGH 107_19A-50 ARE RESERVED
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COVBI NED 2 PHASE LOOP EXPERI MENT ( COVRPLEX)

107_19A-51 THROUGH 107_19A- 60 ARE RESERVED
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SPACE TECHNOLOGY AND RESEARCH STUDENTS BOOTES ( STARS BOOTES)

107_19A-61 ELECTRI CAL SHOCK (S*T* A*R*S- BOOTES)

S*T*A*R*S- BOOTES W LL BE UNPONERED PRI OR TO ANY CREW ACCESS TO
THE EXPERI MENT TO PREVENT | NJURY OF THE CREW DUE TO ELECTRI C
SHOCK.  ®[CR5555A ]

S T* A*R* S-Bootes contains fluorescent lamps and inverter ballasts that produce high AC voltages.

The crew will nominally access STARS-Bootes to initialize the ant habitat, sample spider webs, and
configure the chemical garden for video. Reference: Hazard Report STARS-02; Cause 3.

107_19A-62 THROUGH 107_19A- 70 ARE RESERVED e[cR5555A ]
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STAR NAVI GATI ON ( STARNAV)

107_19A-71 THROUGH 107_19A- 80 ARE RESERVED
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OSTEOPOROSI S EXPERI MENT I N ORBI T ( OSTEO)

107_19A-81 THROUGH 107_19A-90 ARE RESERVED
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EUROPEAN RESEARCH | N SPACE AND TERRESTRI AL OSTEOPOROSI S ( ERI STO)

107_19A-91 THROUGH 107_19A-100 ARE RESERVED
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PHYSI OLOGY AND BI OCHEM STRY 4 ( PHAB4)

107_19A-101 THROUGH 107_19A-110 ARE RESERVED
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Bl OPACK

107_19A- 111 Bl OPACK FREEZER AND PTCU TOUCH TEMPERATURE

DURI NG ALL BI OPACK FREEZER, COCOLER, AND PTCU OPERATI ONS, THE CREW
MJUST VWEAR GLOVES. @[CR5555A ]

The BIOPACK freezer and cooler temperatures are set to 4 deg C. The PTCU maintains a
temperature of 5 deg C. The allowed touch temperature lower limitis4 deg C. Prudence dictates
that the crew wear gloves when accessing these el ements to prevent a hazardous situation.
Reference: Hazard Report STD-BPK; Cause 9.

107_19A-112 TOXI C MATERI AL  CONTAI NVENT ( Bl OPACK)

THE SPACEHAB POCC W LL TRACK ALL CREW REPORTED SPI LLS W THI N
GLOVEBOX AND | NSTRUCT THE CREW WHEN GLOVEBOX FI LTER CHANGEQUT
BECOVES NECESSARY TO ENSURE THAT GLOVEBOX MAI NTAINS I TS ABILITY
TO PROVI DE ADEQUATE CONTAI NVENT.

If the Glovebox filter becomes saturated, it can no longer ensure adequate containment. Glovebox

operating procedures instruct the crew to report all spill quantities to the ground. Reference: Hazard
Report PGBX-U1, Cause 7.
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FACI LI TY FOR ADSORPTI ON AND SURFACE TENSI ON ( FAST)
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ADVANCE PROTEI N CRYSTALLI ZATI ON FACI LI TY ( APCF)
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Bl OBOX

107 _19A- 141 RESERVED @|CcR 5555A ]
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STS-107 06/20/02 FINAL SPACEHAB 19-25
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

VAPOR COVPRESSI ON DI STI LLATI ON FLI GAT EXPERI MENT (VCD FE)

107_19A- 151 VCD HAZARDOUS FLUI D CONTAI NVENT  @[cR 5555A |

THE FOLLOW NG ARE REQUI RED TO PREVENT LEAKAGE OF HAZARDOUS FLUI D
FROM VCD FE:

A.  VCD FE 100 M. FLUI D SAMPLES BAGS WLL NOT BE FI LLED BEYOND 40
M.

B. THE VCD FE AIR I NJECTI ON ASSEMBLY (Al A) MJUST BE CLOSED W THI N
4.5 HOURS OF OPENI NG epDN71 ]

C. THE Al A CANI STER VALVE AND Al A SHUTOFF VALVE MJUST BE CLOSED
PRI OR DI SCONNECTI NG THE Al A.

Samples are taken from a sample valve on VCD FE and transferred to 100 mL sample bags. The
sample bags are marked with 40 mL and 60 mL linesto help the crew gauge volume. Sample size
islimited to 40 mL to ensure that the sample volume does not exceed the capacity of the storage
bag. To prevent inadvertent release of fluid while disengaging the AlA bottle, it must be
disconnected before the bottle is empty to preclude the potential for the bottle to pull fluid from
VCD should the check valve fail. When changing out the Al A, both the canister valve on the AIA
and the AlA Shutoff valve on VCD must be closed to preclude leakage of fluid when demating QD’s
in the event of a check valve failure. Requirement source is Hazard Report VCD FE-F03; Causes
7and 8. ®DN71 ] ®CR5555A | ®[CR5558 ]

107_19A- 152 THROUGH 107_19A- 160 ARE RESERVED
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COVBUSTI ON MODULE ( CM 2)

107_19A- 161 FRANG BLE MATERI AL CONTAI NVENT

PRIOR TO THE FI RST CM 2 CHAMBER ACCESS, | F A VACUUM CANNOT BE
DRAWN HELD, THE CHAMBER W LL NOT BE OPENED.

Prior to the first CM-2 chamber access, the chamber will be evacuated and backfilled with air. The
inability to draw/hold a vacuum indicates a possible |oss of window integrity (i.e., window fragment in
chamber). Exposure of the crew to glass fragmentsis considered a catastrophic hazard (reference
MSL-1 HR CM-1;2). Inflight inspection for glass fragments prior to first chamber accessis not
nominally performed.

107_19A- 162 ELECTRI CAL SHOCK/ SHORTI NG

THE FOLLOW NG EXPERI MENTS HAVE PLANNED ACTI VI TI ES WHI CH COULD
RESULT | N ELECTRI CAL SHOCK TO CREW OR HARDWARE DAVAGE | F POAER | S
NOT' REMOVED. THESE COVPONENT/ CABLE MATE/ DEMATES W LL NOT BE
PERFORVED UNLESS PONER HAS BEEN REMOVED.

CM 2

The cables to the CM-2 Experiment Mounting Sructure (EMS) are nominally mated/demated when any
EMSisinstalled/removed from the combustion chamber (reference MSL-1 HRCM-1; 13). ®pN90 ]
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107_19A- 163 CHAVBER/ RACK ACCESS RESTRI CTI ONS ( CM 2)

A, |IF AT LEAST TWO | NHIBI TS TO PONERI NG THE CM 2 LASER DI CDE
CANNOT BE PUT I N PLACE, THE CHAMBER W LL NOT BE OPENED AND
THE RACK WLL NOT BE ACCESSED.

Laser diodes are used to provide an illumination source for the diagnostic system during LSP experiment
operations. Prior to accessing the chamber or rack two of the following three inhibits must bein place:
1) the DEPP is commanded to open the solid state relay, 2) the laser diode switch is placed in the “ off”
position, 3) the PDP cb No. 4 is opened, and the PDP switch 4 is placed in the off position. Exposure of
the crevmembers to the laser diode beamis considered a catastrophic hazard (reference MSL-1 HR CM-
1;1, Cause 2). No direct optical path exists during normal operations. Chamber accessisa nominal
operation required to install/remove the EMS's. Rack access is an off-nominal operation required to
install the spare laser diode assembly. ®[CR 5555A ]

B. WHEN THE SOFBALL EMS | S I NSTALLED IN THE CM 2, THE CHAMBER
LID WLL NOTI BE REMOVED | F THE FOLLOW NG CONDI TI ONS OCCUR:

1. LESS THAN 45 M NUTES HAS PASSED SI NCE PONER WAS REMOVED
FROM THE CM 2 SPARK | GNI TER

2. AT LEAST TWO I NHI BITS TO PONER APPLI CATI ON TO THE CM 2
SPARK | GNI TER ARE NOT I N PLACE. @pDN9% ]

A spark igniter is used during SOFBALL experiment operations. Prior to accessing the chamber, the
DEPP is commanded to open the solid state relay (which provides power to the spark circuit), the
igniter latching switch is manually disabled, the PDP cb No. 3 is opened, and the PDP switch 3is
placed in the off position. The 45-minute wait allows the capacitor to discharge. These steps are
performed to ensure that the crew are not shocked by the spark igniter during chamber access
operations (reference MSL-1 HR CM-1; 8, Cause 1). ®[CR5555A ]
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107_19A- 164 TOXI C MATERI AL CONTAI NVENT ( CM 2)

A IF THE CM 2 CHAMBER FAILS TO PASS | TS ON-ORBI T LEAK | NTEGRI TY
CHECK (OLI C), SOFBALL TEST PO NTS USING SFg WLL NOT BE
PERFORVED.

After the SOFBALL EMSis installed in the CM-2 chamber, a leak integrity check will be performed.
The chamber will be pressurized to 51.5 psia (3.5 atm) and leak tested for the next 30 minutes. A
pressure drop greater than 0.39 psia will result in the termination of SOFBALL tests using sulfur
hexafluoride (SFg) (reference MSL-1 HR CM-1; 5, Cause 1). Exposure of the crew to the combustion
products from SFg testsis a critical hazard. ®DN83 ] ®[CR5555A |

B. | F ACCESS TO THE CM 2 CHAMBER | S REQUI RED AFTER THE ON-ORBI T
LEAK | NTEGRI TY CHECK HAS BEEN PERFORVED, THE LEAK TEST W LL
BE REPEATED PRI OR TO PERFORM NG A SOFBALL TEST PA NT USI NG
SFg.

If an off-nominal case arises where the CM-2 chamber must be opened after the on-orbit leak integrity
check has been performed, a second 30-minute leak check is required prior to performing any SOFBALL
test using SF¢ (reference MSL-1 HRCM-1; 5, Cause 1). ®DN83 |

C. FOLLON NG A SOFBALL TEST PO NT USING SFg, THE CM 2 CHAMBER
WLL NOT BE OPENED UNTIL THE COVPLETI ON OF THE CLEANUP CYCLE
AND DUVMP OF THE CONTENTS | NTO THE SPACEHAB VENT SYSTEM

The DEPP controls the duration of the cleanup cycle via operation of the blower. Procedures require the
crew to verify that the cleanup cycle is complete via the PGSC display which indicates the cleanup time
and the blower delta P vstime (reference MSL-1 HR CM-1; 5, Cause 2). ®[CR 5555A |

D. IF THE CM 2 CLEANUP LOOP FAILS, A SING.E DUwP OF COVBUSTI ON
BYPRODUCTS FROM A SOFBALL TEST USI NG SFg W LL BE ALLOWED.
ALL REMAI NI NG TESTS USI NG SFg WLL BE DELETED.

The combustion byproduct gases that are formed by SOFBALL test points using SFg as the diluents are
both toxic and corrosive. The CM-2 cleanup loop removes the corrosive constituents (HoS, HF, SOo,
SOF»5) fromthese gases. Only gases that are compatible with the Spacehab vacuum vent system are
nominally allowed to be vented (reference MSL-1 HR CM-1, 5).

THI'S RULE CONTI NUED ON NEXT PAGE
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107_19A- 164 TOXI C MATERI AL CONTAI NVENT ( CM 2)  ( CONTI NUED)

E. | F COMBUSTI ON PRODUCTS FROM A TEST USI NG SFg LEAK | NTO THE
CABI N, THE FOLLOW NG ACTI ONS W LL BE TAKEN:

STANDARD ARS SCRUBBI NG @®[DN83 ]

Combustion products |eaked from a test using S-¢g are considered tox level 0 dueto the low
concentration after dilution into the module volume. Therefore, no special scrubbing actions are
required. These productswill be efficiently removed by LiOH and, to some extent, by activated charcoal
filters. ®DN83 ]

F. | F EVP PRESSURE CHANGES BY MORE THAN ?1 PSI BETWEEN THE START
AND THE END OF CHAMBER VENTI NG THE Cv 2 CHAMBER W LL NOT BE
ACCESSED UNTI L A NOM NAL VENT HAS BEEN PERFORMED AND
CONFI RMED.

A change in the Exhaust/Vent Package (EVP) pressure between the start and end of venting
indicates a reverse flow has occurred through the cleanup loop filter. This could result in
LiOH particles being forced into the CM-2 chamber. Exposure of the crewto LiOH isa level
2 (catastrophic) hazard. If subsequent venting with no backflow can be confirmed, nominal
operations can be continued (reference HR CM-1; 16, cause 2). ®[CR5555A |
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107_19A- 165 PRE- | GNI TI ON CONSTRAI NTS ( CM 2)

| F ANY OF THE FOLLOW NG CONDI TI ONS EXI ST, THE GASES IN THE CM 2
CHAMBER W LL NOT BE | GNI TED:

A, THE FLOW TI ME LOADED | NTO THE MASS FLOW CONTROLLER EXCEEDS
THE MAXI MUM FLOW TI ME ALLOVED.

B. THE PRESSURE | N THE CHAMBER EXCEEDS THAT EXPECTED FROM THE
LOADI NG OF A SI NGLE BOTTLE.

The DEPP nominally provides timing control to the mass flow controller to limit the amount of fuel that
is allowed in the chamber for each LSP test. In addition, two redundant timer relays shut off fuel flow
into the chamber if atimelimit of 6.5 minutesis exceeded. The loaded time must be verified to ensure
the DEPP inhibit has not been bypassed (reference MS.-1 HR CM-1;7, POCC POH #SOP 2.13).

The ignition of the contents of more than one bottle could result in the overpressurization of the
chamber. Opening more than one manual valve and subsequent failure of the DEPP could release
contents of more than one bottle into the chamber. A higher than expected pressure would indicate an
error had occurred during loading and the test sequence would be terminated (reference MS_-1 HR
CM-1; 7). ®CR5555A ] ®[CR5558 |
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107_19A- 166 DOOR CLOSURE VERI FI CATI ON ( CM 2)

EACH TI ME THE CM 2 CHAMBER DOOR | S OPENED, THE FOLLOW NG ACTI ON
MUST BE TAKEN TO VERI FY THAT THE DOOR | S SECURELY CLOSED:

UPON CLCSURE, THE TWO T-BOLTS ON THE CHAMBER DOOR MARMON CLAMP
MUST BE VERI FI ED AT A TORQUE LEVEL OF 360 | N-LBS.

Verifying the door is properly secured prevents an inadvertent rel ease of the door at high pressure which
could be a collision hazard to the crew (reference MSL-1 HR CM-1;10).

107_19A- 167 CHAMBER | SOLATI ON VALVE ENTRY PCSI TI ON (CM 2)

THE CM 2 CHAMBER | SOLATI ON VALVE WLL BE VERI FIED I N THE VENT
PCSI TI ON PRI OR TO NOM NAL ENTRY.

If the FM514 solenoid valve and the FM402 regulator wereto fail during entry, calibration gaswill be
released through a 25 psia relief valve into the vacuum vent line. To prevent the rated pressure of the
Spacehab vacuum vent valve from being exceeded, the chamber isolation valve is opened to the Spacehab
vent line prior to entry to allow the chamber to serve as a pressure sink if required (reference MSL-1 HR
CM-1;3). ®pDN40 ]
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107_19A- 168 CHAMBER FI LL RESTRI CTI ONS

A IF ANY OF THE FOLLON NG CANNOT BE VERI FI ED I N THE CLOSED
PCSI TION, THE CM 2 CHAMBER W LL NOT BE FI LLED USI NG THE FM
150 AR BOITLE.

1. VALVE AC013
2. VALVE AC014
3. REGULATOR ACQ15

B. IF THE OLIC SWTCH (SW04) CANNOT BE VERI FIED I N THE DI SABLE
PCSI TION, THE CM 2 CHAMBER W LL NOT BE FI LLED USI NG THE AC010
Al R BOITLE.

Filling the chamber with air from both the AC010 bottle and the FM150 bottle could result in a rupture of
CM-2 pressure system hardwar e causing injury to the crew or to Spacehab (a catastrophic hazard). To
prevent this, the inhibits listed above are required. Reference Hazard Report MSL-1 CM-1;3.

107_19A-169 THROUGH 107_19A- 180 ARE RESERVED
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MECHANI CS OF GRANULAR MATERI ALS ( MGV

107_19A- 181 THROUGH 107_19A- 190 ARE RESERVED

STS-107 06/20/02 FINAL SPACEHAB 19-34
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

Bl OREACTOR DEMONSTRATI ON SYSTEM 05 ( BDS- 05)

107_19A- 191 THROUGH 107_19A- 200 ARE RESERVED
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M CROBI AL PHYSI OLOG CAL FLI GHT EXPERI MENT ( MPFE)

107_19A- 201 THROUGH 107_19A-210 ARE RESERVED
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SLEEP-3

107_19A- 211 THROUGH 107_19A-220 ARE RESERVED

STS-107 06/20/02 FINAL SPACEHAB 19-37
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

ASTROCULTURE

107_19A- 221 THROUGH 107_19A- 230 ARE RESERVED
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COWVERCI AL PROTEI N CRYSTAL GROMH - PROTEI N CRYSTALLI ZATI ON
FACI LI TY (CPCG PCF)
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COWMERCI AL | TA BI OVEDI CAL EXPERI MENT ( CI BX)

107_19A- 241 THROUGH 107_19A- 250 ARE RESERVED

STS-107 06/20/02 FINAL SPACEHAB 19-40
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

ZEOLI TE CRYSTAL GROWMH-1 (ZCG 1)

107_19A- 251 ZCG TOUCH TEMPERATURE

CREW UNLQADI NG OF ZCG AUTOCLAVES W LL NOT OCCUR UNTI L ADEQUATE
COOL DOWN TI ME HAS BEEN ALLOTTED AND THEI R TEMPERATURE HAS BEEN
VERI FI ED LESS THEN 45 DEG C. @[cr5555A ]

The ZCG furnace processes the autoclaves at temperatures as high as 175 deg C. The furnace
temper ature can be monitored via the Zeolite Experiment Control System (ZECS) data display and
by temperature strips placed on the surface of the furnace. Reference: Hazard Report ZCG-1;
Cause 2.

107_19A- 252 ZCG AUTOCLAVE LEAKAGE

TO PROTECT AGAI NST ZCG CLEAR AUTCCLAVE LEAKAGE, THREE LEVELS OF
CONTAI NMENT W LL BE MNAI NTAI NED AT ALL TI MES, EXCEPT WHEN BEI NG
TRANSFERRED | NTO AND QUT OF THE GLOVEBAG.

ZCG metal autoclaves have three levels of containment by design and require no special
considerations. ZCG clear autoclaves only provide two levels of containment, and therefore are
dependent on sealed storage bags, a storage transportation box, and a Glovebag to provide the
third level of containment. The Zeolite solution stored in the autoclavesis very caustic with pH
between 10-12. Thefluid in the autoclave is not under pressure in ambient conditions. Reference:
Hazard Report GBXE-15; Causes 2, 3a, 3b.

107_19A- 253 THROUGH 107_19A- 260 ARE RESERVED @[cR5555A ]
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FUNDAMENTAL RODENT EXPERI MENTS SUPPORTI NG HEALTH- 2 ( FRESH- 2)

107_19A- 261 | MAGERY DOWALI NK CONSTRAI NTS @[cr5562 ]

THERE W LL BE NO DOMLI NKED PHOTGS OR VI DEO OF THE AN MAL
SUBJECTS UNLESS REQUESTED BY THE NASA CHI EF VETERI NARY COFFI CER OR
DUTY VETERI NARI AN TO ASSESS THE HEALTH OR WELFARE OF THE AN MALS.
ROUTI NE DOANLI NK OF PHOTGOS OR VI DEO | MAGERY W LL NOT BE
PERFORMVED. epN41 ] ®[ED ]

Animal health checks will be routindy performed throughout the mission and the results recorded by the
crew. If the animals appear stressed, their statuswill be communicated by the crew to the Chief
Veterinary Officer or Duty Veterinarian either by voice call or operational OCA file transfer.
Downlinking of photos or video images may then occur if required by the NASA Chief Veterinary Officer
or Duty Veterinarian for determination of animal health or welfare. Routine downlink of photos or video
imagery of animalsis not required for animal welfare or scientific reasons, and is therefore not
authorized. Reference NASA Memo, “ On-orbit Imagery of Animal Subjects,” from M-7/Acting Deputy
Associate Administrator for Space Shuttle, dated June 7, 2002. ®DN41 ] ®[CR5562 ]

107_19A- 262 FRESH STATUS CHECKS

DURI NG ORBI T OPERATI ONS, FRESH 2 RODENTS AND HARDWARE REQUI RE
A STATUS CHECK EVERY 24 HOURS VH LE ON ORBIT AS LONG AS THE
SPACEHAB MODULE | S ACCESSI BLE TO THE CREW @[DN42 ] ®[CR5700 |

Daily health and hardware checks are required to assure the well being of the animals. Reference page
59 of the National Research Council Guide for the Care and Use of Laboratory Animals. The SH hatch
isnominally closed during final deorbit preparation and is not planned to be re-opened in the event of a
deorbit waveoff. If Spacehab isre-ingressed and if time permits, experiment status checks will be
performed.

Reference Rule {107_2A-26}, EXTENSON DAY GUIDELINES. ®[cr5700 ]
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GRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS ( Bl OTUBE/ MFA)
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REFRI GERATOR/ FREEZER

107_19A- 281 REFRI GERATOR/ FREEZER ( R/ F) FREON LEAK

A FREON LEAK FROM THE EOR/F UNI'T DOES NOT CONSTI TUTE A SAFETY OR
HEALTH HAZARD TO THE CREW

The only Freon based R/F on board STS-107 is the Enhanced Orbiter Refrigerator/Freezer (EOR/F),
located in the module. A Freon leak from the primary to the secondary containment system would be
indicated by a housing pressure greater than 17 psi, the cold box temperature rising, and the compressor
running continuously. A Freon leak into the cabin would be indicated by a housing pressure of about
14.7 psi, the cold box temperature rising, and the compressor running continuously.

Instantaneous release of 369 of Freon 502 from the EOR/F would produce an average or biter/Spacehab
concentration well below the 30-day spacecraft maximum allowable concentration (SVIAC) of 4960
mg/m3. This poses no health hazard to thecrew. epn43 ]

Reference: NASA SD2 Memo 123, Permissible Levels of Freon 502, dated February 27, 1996.

107_19A- 282 EOR/ F FAI LURE

THE CONTENTS OF THE EOR/ F FREEZER TAKE PRI ORI TY OVER THE CONTENTS
OF THE TEHM REFRI GERATOR. THEREFORE, FOR A FAI LURE OF THE EOR/ F
TO OPERATE I N FREEZER MODE, THE TEHM W LL BE RECONFI GURED TO A
FREEZER AND THE CONTENTS OF THE TWO UNI TS WLL BE EXCHANGED. THE
GROUND WLL DI RECT THE CREW TO SET THE ECR/ F TO REFRI GERATOR
MODE, | F PGSSI BLE, AND THE TEHM TO FREEZER MODE. THE GROUND W LL
PROVI DE DETAI LED | NSTRUCTI ONS TO THE CREW FOR MANAGEMENT OF THE
TEHM AND EOR/ F CONTENTS EXCHANGE PER THE HLS COLD STOMNAGE

CONTI NGENCY PLAN. e@pDN6 ]

107_19A- 283 TEHM AND EOR/ F TOUCH TEMPERATURE

DURI NG ALL FREEZER OPERATI ONS, THE CREW MUST WEAR GLOVES.

The freezer set temperatureis-22 deg C. The allowed touch temperature lower limit is4 deg C.
Therefore, the crew must wear gloves when accessing the freezer to prevent a hazardous situation.
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107_19A- 284 CONFI GURATI ON FOR ENTRY ( TEHW)

THE PIP PIN WLL BE | NSTALLED ON THE TEHM DOOR HANDLE FOR
LAUNCH LANDI NG ®[CcR5555A ]

Failure to ensure nominal entry configuration could result in unrestrained hardware with potential for
collision with SPACEHAB hardware and other payloads. Snce TEHM is flown in the SPACEHAB
module for STS-107, it presents no hazard to the orbiter or crew when the SPACEHAB hatch is closed.
None of TEHM contents present a penetration hazard. Reference Hazard Report TEHM-8; Cause 1.
®[CR 5555A |

STS-107 06/20/02 FINAL SPACEHAB 19-45
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 06/20/02 FINAL SPACEHAB 19-46
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 20 - FREESTAR

GENERAL
107_20A-1 FREESTAR M NI MUM M SSION OBJECTIVES .......... 20-1
107_20A-2 HH ACTI VATIONV DEACTIVATION . . . .. ..o 20-2
107_20A-3 HH THERMAL CONSTRAINTS .. ... ... .. .. .. .. .. ... 20-2
STS-107 06/20/02 FINAL FREESTAR 20-i

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

THI'S PAGE | NTENTI ONALLY BLANK

STS-107 06/20/02 FINAL FREESTAR 20-ii
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTI ON 20 - FREESTAR

GENERAL

107_20A-1 FREESTAR M Nl MUM M SSI ON OBJECTI VES

THE FOLLOW NG PAYLOAD M SSI ON OBJECTI VES ARE DEFI NED AS M NI MUM
M SSI ON REQUI REMENTS FOR A NOM NAL DURATI ON M SSI ON:

A, MEIDEX REQU RES A M NI MUM OF 140 M NUTES OF DESERT AEROSCL
PRI MARY DATA COLLECTI ON SCHEDULED BETWEEN THE TWO RO 'S AND A
M N MUM OF ONE LUNAR OR GROUND CALI BRATI ON EVERY SEVEN DAYS

For maximum mission success, MEIDEX highly desires to perform observations during every over pass of
the ROI’ s in which the minimal lighting conditions are met within + 45 degrees from zenith. Asa
secondary observation set, MEIDEX highly desires a minimum of 2 hours of Sprite observations.

B. SOLSE REQU RES A M NI MUM OF SI X OBSERVATI ONS OF LI MB VI EW NG
AND TWO OBSERVATI ONS OF EARTH VI EW NG ( EACH SI NGLE
OBSERVATI ON | S APPROXI MATELY 120 M NUTES LONG, | NCORPORATI NG
AN | LLUM NATED ORBI T FLANKED BY TWO ECLI PSES) .

SOLSE highly desires a minimum of four additional limb views and one additional earth view. After
desired observations of 13 orbits are met, SOLSE has the capability to record data for 19 additional
orbits (i.e., a total capacity of 32 orbits). epne63 ]

C O/ REQURES AMNMMOF 200 HOURS OF CONTI NUOUS COPERATI ONS.

A total minimum of 304 hours of continuous operation is highly desired.

D. SOLCON REQU RES A M NI MUM OF TEN, 40-M NUTE SOLAR VI EW NG
OBSERVATI ONS, EACH PRECEDED AND FOLLOWED BY SPACE VI EW NG
CAL| BRATI ONS.

E. LPT REQUI RES THE ON-ORBI T DEMONSTRATI ON OF FI VE PAYLQAD
OBJECTI VES: GPS NAVI GATION (4 ORBI TS REQUI RED); GN
COVMUNI CATI ONS (EI GHT 5 M NUTE TESTS REQUI RED); TRDSS
COMMUNI CATI ONS (6 HOURS REQUI RED); ON-ORBI T RECONFI GURATI ON
(TWD 20 M NUTE TESTS REQUI RED); AND DEMONSTRATI ON OF RANGE
SAFETY (TWD 2.5 M NUTE TESTS REQUI RED) .

Through each demonstration, LPT will also be validating their 1P in Space capabilities. Asa
supplemental objective, LPT highly desires to operate the receivers as much as possible throughout the
flight.
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107_20A-2 HH ACTI VATI ON/ DEACTI VATI ON

A.  FREESTAR MUST BE ACTI VATED W THI N 3 HOURS AFTER PLBD OPENI NG
OR PRIOR TO LEAVING A -ZLV ATTI TUDE, WH CHEVER COMES FI RST.
HH MUST BE DEACTI VATED WTHI N 3 HOURS OF PLBD CLOSURE.

Activation (comprised of crew performed activation plus ground commanded application of power to
thermostatically controlled experiment heaters) isrequired to prevent the HH e ectronics from violating
the operational limits of 0 deg C to 40 deg C at powerup. Deactivation isrequired no earlier than 3
hours prior to PLBD closure to prevent violation of the -10 deg C thermal limit on the unpowered HH
electronics. Thislimit isfor reasons of certification of reflight hardware and is not a safety requirement.
Note: Thisassumes an initial temperature of 20 deg C when the PLBD’s are opened and a PLBD
opening attitude of -ZLV. Thetime to exceed thermal limits may be updated if the bay sill temperatures
vary significantly from 20 deg C, or if actual maneuver times do not occur as scheduled. ®pN6s4 ]
®[CR 5626A |

B. SOLSE MUST BE ACTI VATED WTH N 6 HOURS AFTER PLBD OPEN NG
SOLSE MUST BE DEACTI VATED WTHI N 6 HOURS OF PLBD CLOSURE.

The SOLSE constraint is based upon the assumption that a -ZLV (payload bay to Earth) attitude is flown.
Thisrequirement isreduced to 4.5 hours if the initial Orbiter attitude is not payload bay to Earth.

107_20A-3 HH THERVAL CONSTRAI NTS

A.  HH EXPOSURE LIMTS

1. WTH THE HH PAYLOAD ACTI VATED AND HEATERS ENABLED I N THE
ABSENCE OF THERMAL ANALYSIS, THE LIM TS ARE TABULATED AS

FOLLOWE:
ATTITUDE COMPONENT TEMP LIMIT (°C) EXPOSURE TIME (HRS)
-ZLV AVIONICS N/A NO CONSTRAINTS
EXPERIMENT N/A
-ZS| AVIONICS 40 8
EXPERIMENT 13 1
-ZDS AVIONICS 0 6.5
EXPERIMENT 12 6.75
THI'S RULE CONTI NUED ON NEXT PAGE
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107_20A-3 HH THERVAL CONSTRAI NTS ( CONTI NUED)

2. WTH THE HH PAYLOAD DEACTI VATED | N THE ABSENCE OF THERMAL
ANALYSI'S, THE HH LIM TS ARE TABULATED AS FOLLOWE:

ATTITUDE COMPONENT TEMP LIMIT (°C) EXPOSURE TIME (HRS)
-ZLV AVIONICS 0 4
EXPERIMENT 0 7.5
-ZSlI AVIONICS N/A NO CONSTRAINTS
EXPERIMENT N/A
-ZDS AVIONICS 0 15
EXPERIMENT 0 2.5

Both cases assume an initial start from steady state -ZLV temperatures. The operating temperature
limits were used for the non-operating case so the avionics could be turned on at any time.

B. IF THE HH AVIONICS | S PONERED ON BUT THE HEATERS ARE FAI LED
OFF, THE HH AVIONICS WLL REACH I TS LOAER OPERATI ONAL
TEMPERATURE LIM T 2 HOURS AFTER THE ORBI TER MANEUVERS QUT OF

-ZLV TO DEEP SPACE ATTI TUDES. epDNes ]

Heat generated by the HH avionics, when powered on, is sufficient to maintain cyclic steady-state
temperatures aslong as the orbiter maintains a nominal -ZLV attitude.

TH'S RULE CONTI NUED ON NEXT PAGE

STS-107 06/20/02 FINAL FREESTAR 20-3
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

107_20A-3 HH THERVAL CONSTRAI NTS ( CONTI NUED)

C. DURI NG ON-ORBI T OPERATI ONS, FREESTAR DESI RES THAT THE HH
AVI ONI CS TEMPERATURE BE NMAI NTAI NED W THI N | TS OPERATI ONAL
LIMTS OF 0 DEG C TO 40 DEG C. | F THE OPERATIONAL LIM TS
CANNOT BE MAI NTAI NED, THE PAYLOAD W LL BE DEACTI VATED AND THE
HARDWARE QUALI FI CATION LIM TS OF -10 DEG C TO 50 DEG C MAY BE
USED. ON A BEST EFFORT BASIS, THE SHUTTLE W LL MANAGE
ATTI TUDE TO MAI NTAIN THESE LI M TS.

As stated in the General Environment Verification Specifications (GEVS), it is GS-C policy that when
thermal vacuum testing is performed, the thermal criteria is established to both provide margins that
compensate for uncertaintiesin the thermal parameters and to induce stress conditions to detect
unsatisfactory performance that would not otherwise be uncovered before flight. The HH avionics has
been tested and qualified from -10 deg C to 50 deg C; therefore, design operational limits of 0 deg C to
40 deg C were established using the required 10 deg margin. It isnormal engineering practice to
maintain eectrical components within the design operational limits to allow for contingency situations.
Although qualification limits may be approached, it is required to maintain avionics within these limits
at all times because the reliability of the hardware cannot be guaranteed outside these limits. Thermal
stresses which can be induced in conditions above and below these limits are unknown since testing has
never been performed outside the -10 deg C to 50 deg C range. These limits are for mission success and
are not safety requirements. FREESTAR has a primarily passive design with thermostatically controlled
heaters to maintain lower operational temperaturesin colder attitudes.

D. |F TELEMETRY IS NOT AVAI LABLE AND HH AVIONI CS COLD LIM TS ARE
PREDI CTED TO BE VI OLATED, FREESTAR W LL BE POANERED OFF UNTI L
TEMPERATURES ARE PREDI CTED TO BE WTHI N LIMTS. RECOVERY
FROM OFF- NOM NAL CONDI TI ONS W LL BE BASED ON REAL-TI ME
ANALYSI S.

Non-operating cold temperature (qualification) limits for the avionics are 10 deg C lower than the
operating (acceptance) limits; therefore, FREESTAR will be powered OFF if predictions suggest that the
operating limits may be violated. Recovery actions are scenario-dependent and will generally consist of
-ZS maneuver's to warm the payload.

TH'S RULE CONTI NUED ON NEXT PAGE
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107_20A-3 HH THERVAL CONSTRAI NTS ( CONTI NUED)

E. | F FREESTAR HAS BEEN DEACTI VATED DUE TO VI OLATI ONS ANDY OR
PREDI CTED VI OLATI ONS OF LOWNER THERVAL LIM TS OF THE HH
AVIONI CS, THE PAYLOAD MAY ONLY BE DEACTI VATED FOR PERI CDS OF
LESS THAN 3 HOURS ASSUM NG THAT BENI GN ATTI TUDES, SUCH AS
-ZLV, WLL BE FLOMN. ON A BEST EFFORT BASI S, THE SHUTTLE
SHALL ASSUME A THERVAL RECOVERY ATTI TUDE BEFORE REACTI VATI ON
| S ATTEMPTED. THE PERI OD REQUI RED FOR PAYLOAD RECOVERY W LL
BE DETERM NED I N REAL TI ME THROUGH THERVAL ANALYSI S AT THE HH
POCC.

Assuming a nominal operating temperature of 12 deg C, the HH avionics could fall below its operational
temperature limit of 0 deg C within 4 hours if powered off. Thislimit isfor mission success and isnot a
safety requirement. If the HH avionics has violated its operational lower limit of O deg C, the payl oad
must be warmed before activation is attempted. As no telemetry is available to monitor the temperature
of the payload when the HH avionics is deactivated, specifications of the warming required will be based
on real-time analysis. Activating the avionics when the temperature is too low could result in potentially
serious damage to flight hardware. If the HH avionicsis predicted to have fallen below its lower
hardware qualification limit of -10 deg C, a real-time assessment will be made, as the performance of the
HH avionics may not be reliable even after warming to within operational limits.

F. SOLSE REQUI RES THAT THE HH JR AVIONI CS AND BI A RENAI N
ENABLED FROM PAYLQAD ACTI VATI ON THROUGH DEACTI VATI ON.
®[CR5851 |

Heater power is not maintained if the BIA and/or HH-JR avionics are disabled. e[crR5851 ]

G CvX — REFERENCE RULE {107_2A-71}, ATTI TUDE/ PO NTI NG
CONSTRAI NTS.  epDN67 ]

H  FREESTAR SHALL NOT BE EXPOSED TO MORE THAN 12 HOURS
CONTI NUOUS SOLAR VI EW NG.  e[DN66 ]

Thermal analysis predicts that the MEIDEX battery could exceed its safety temperature limits if the
MEIDEX power is failed ON with the MEIDEX door closed in a bay to sun attitude that exceeds 12
hours. ®DN66 ]
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APPENDI X A
ACRONYMS AND ABBREVI ATI ONS

A ANALYSI S

A G Al R- TO- GROUND

ABE ARVED BASED ELECTRONI CS

ABT ABORT

AC ALTERNATI NG CURRENT

ACS ATTI TUDE CONTROL SYSTEM

ACVS AUTOVATI C TARGETI NG AND REFLECTI VE ALI GNMENT CONCEPT
COVMPUTER VI SI ON SYSTEM

ADSEP ADVANCED SEPARATI ON

AGHF ADVANCED GRADI ENT HEATI NG FACI LI TY

ALT ALTERNATE
ALTI TUDE

AQA ABORT ONCE ARGUND

ACS ACQUI SI TI ON OF Sl GNAL

APCF ADVANCE PROTEI N CRYSTALLI ZATI ON FACI LI TY

APDU ALT PONER DI STRI BUTI ON UNI T

APC8 ALTERNATE PROCEDURE #8

APU AUXI LI ARY PONER UNI' T

ARV ADVANCED RESPI RATORY MONI TORI NG SYSTEM

ASAP AS SOON AS PGCSSI BLE

AST ASTROCULTURE

AST-10/1 ASTROCULTURE PLANT GROMH CHAMBER
AST-10/ 2 ASTROCULTURE GLOVEBOX

ATO ABORT TO ORBIT
ATR AMBI ENT TEMPERATURE RECORDER
ATT ATTI TUDE
AUG AUGVENTED
AUTO AUTOVATI C
AV AVI ONI CS
AZ AZI MJTH
BDS Bl OREACTOR DEMONSTRATI ON SYSTEM
BET BENDI NG EFFECT TEMPERATURE
BEST ESTI MATE TRAJECTORY
BFS BACKUP FLI GHT SYSTEM
Bl A BUS | NTERFACE ADAPTER
Bl OS BASI C | NPUT/ QUTPUT SYSTEM
Bl OTUBE/ MFA GRAVI SENSI NG AND RESPONSE SYSTEMS OF PLANTS
Bl TE Bl NARY | NTERNAL Tl ME ELECTRONI CS
BU LT IN TEST EQUI PMENT
BRI C Bl OLOG CAL RESEARCH | N CANI STERS
BRSS BCElI NG REUSABLE SPACE SYSTEMS
B/ U BACKUP
BVD BAY VENT DOCR
STS-107 12/19/02 FINAL, PCN-1 ACRONYMS A-1

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

CPCG- PCF
CPM
CSCS

CSR
CSS

CELSI US

CHECKOUT

CABI N

CAPSULE COVMUNI CATOR

CAPTURE

CORRECTI VE COVBI NATI ON MANEUVER

CLOSED CI RCU T TELEVI SI ON

COUNTER CLOCKW SE

CENTRAL DATA UNI'T

COMVANDER

CARGO ELEMENT

CLOSED EQUI LI BRATED Bl OLOG CAL AQUATI C SYSTEM
CENTRALI ZED EXPERI MENT WATER LOCP
CENTER OF GRAVI TY

COMMVERCI AL | TA BI OVEDI CAL EXPERI MENT
CREW | NTERFACE COCRDI NATOR

CRITI CAL | TEMS LI ST

Cl RCULATI ON

CELLS I N SPACE

COVBUSTI ON MODULE- 2

COMVANDED

COVPLEMENTARY METAL OXI DE SEM CONDUCTOR
COMMVERCI AL MACROMOLECULAR PROTEI N CRYSTAL GROAMH
CARGO MANAGEMENT TEAM

CONTACTS

CONTROL

CREW OPTI CAL ALI GNVENT SI TE

COMBI NED 2 PHASE LOOP EXPERI MENT
COVMUNI CATI ON

COVPUTED

CONTI NUE

CONTI NENTAL UNI TED STATES

( NASA CONTI NGENCY GROUND STATI ON LOCATED AT
VANDENBERG AFB, CA)

COVBUSTI ON PRODUCTS ANALYZER

COMMERCI AL PROTEI N CRYSTAL GROMH
COMMERCI AL PROTEI N CRYSTAL GROMH - PROTEIN
CRYSTALLI ZATI ON FACI LI TY

CELL PERFORVANCE MONI TOR

CHANGE REQUEST

CENTRALI ZED SUCTI ON COOLI NG SYSTEM
CUSTOVER SUPPORT ROOM

CONTROL STI CK STEERI NG

CRITI CAL VI SCOsI TY OF XENON

CLOCKW SE
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D DERI G DI ZATI ON

DAP D G TAL AUTO PI LOT

DB DEAD BAND

DEC DECLI NATI ON

DEG DEGREES

DEU DI SPLAY ELECTRONICS UNI'T

DFRC DRYDEN FLI GHT RESEARCH CENTER

DLY DELAY

DM SPACEHAB DOUBLE MODULE

DN DI SCREPANCY NOTI CE

DCD DEPARTMENT OF DEFENSE

DCH DI SCRETE QUTPUT HI GH

DCL DI SCRETE OUTPUT LOW

DPLY DEPLOY

DPS DATA PROCESSI NG SYSTEM S)

DS DEEP SPACE

DSO DETAI LED SUPPLEMENTARY OBJECTI VE

DTO DEVELOPMENT TEST OBJECTI VE

DTV DG TAL TELEVI SI ON

Dv DELTA VELOCI TY

EAFB EDWARDS Al R FORCE BASE

ECLS ENVI RONMENTAL CONTROL AND LI FE SUPPORT

ECS ENERGY CONVERSI ON SUBSYSTEM

EDO EXTENDED DURATI ON ORBI TER

EDS EXPERI MENT DATA SYSTEM

EDW EDWARDS Al R FORCE BASE

EE END EFFECTOR

EECOM EMERGENCY, ENVI RONVENTAL AND CONSUVABLES MANAGEMENT

EG L ELECTRI CAL GENERATI ON AND | NTEGRATED LQADI NG

El ENTRY | NTERFACE

EL ELEVATI ON

EMUJ EXTRAVEH CULAR MOBILITY UNIT

E- NCSE ELECTRONI C NOSE

EQM END OF M SSI ON

EOR/ F ENHANCED ORBI TER REFRI GERATOR/ FREEZER

EPS ELECTRI CAL PONER SYSTEM

ESC ELECTRONI C STI LL CAMERA

ESM ELECTRONI C SUPPCORT MODULE

ESTL ( NASA CONTI NGENCY GROUND STATI ONS LOCATED I N HOUSTON,
TX AND I N WALLOPS | SLAND, VA)

ERI STO EURCPEAN RESEARCH | N SPACE AND TERRESTRI AL
OSTEOPCRCSI S

ET EXTERNAL TANK

ETRO ESTI MATED TI ME OF RETURN TO OPERATI ON

EVA EXTRAVEH CULAR ACTI VI Tl ES

EVP EXHAUST/ VENT PACKAGE

EXP EXPERI MVENT
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F FAHRENHEI T
| F/ C FLI GHT CONTROL
FAA FEDERAL AVI ATI ON AGENCY
F/C FLI GHT CONTROL
FAO FLI GHT ACTIVI TI ES OFFI CER
FAST FACI LI TY FOR ADSORPTI ON AND SURFACE TENSI ON STUDI ES
FC FUEL CELL
FCVB FUEL CELL MONI TORI NG SYSTEM
FCR FLI GHT CONTROL ROOM
FCS FLI GHT CONTROL SYSTEM
FCT FLI GHT CONTROL TEAM
FD FLI GHT DI RECTOR
FD FLI GHT DAY
FDF FLI GHT DYNAM CS FACI LI TY
FDO FLI GHT DYNAM CS OFFI CER
FES FLASH EVAPORATOR SYSTEM
FM FREQUENCY MODULATED
FMDM FLEX MJULTI PLEXER/ DEMULTI PLEXER
FOFE FI BER OPTI CS FLI GHT EXPERI MENT
FOR FLI GHT OPERATI ONS REVI EW
FOV FI ELD OF VI EW
FPM FLOW PROPORTI ONI NG MCDULE
FPR FLI GHT PERFORMANCE RESERVE
FPS FEET PER SEC
FPV FLOW PROPCRTI ONI NG VALVE
FRCB FLI GHT RULES CONTRCOL BQARD
FRCS FORWARD REACTI ON CONTROL SYSTEM
FRESH FUNDAMENTAL RCDENT EXPERI MENTS SUPPORTI NG HEALTH

FSCU | NT FI RE SUPPRESSI ON AND CONTROL UNI T | NTERNAL
FWD FORWARD

GAS GET AWAY SPECI AL

GBA GAS BRI DGE ASSEMBLY

GCA GROUND CONTROLLED APPROACH

GF GRAPPLE FI XTURE

G RA GALLEY | ODI NE REMOVAL ASSEMBLY

GMr GREENW CH MEAN TI ME

G\C GUI DANCE NAVI GATI ON AND CONTROL

GOoM GROUND OPERATI ONS MANAGER

GPO GUI DANCE & PROCEDURES OFFI CER

GPC GENERAL PURPOSE COVPUTER

GPS GLOBAL POSI TI ONI NG SYSTEM

GSE GROUND SUPPORT EQUI PNVENT

GSFC GODDARD SPACE FLI GHT CENTER

GUAM ( NASA CONTI NGENCY GROUND STATI ON LOCATED AT ANDERSON
AFB, GUAM)
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HAI NS H GH ACCURACY | NERTI AL NAVI GATI ON SYSTEM

HAZ HAZ ARDOUS

HBI A H TCHHI KER BUS | NTERFACE ASSEMBLY

HDR H GH DATA RATE

HE HELI UM

HEDS HUVAN EXPLORATI ON AND DEVELOPMENT OF SPACE

HES H TCHH KER EJECTI ON SYSTEM

HESE H TCHHI KER EJECTI ON SYSTEM ELECTRONI CS

HH H TCHHI KER

HHL HAND HELD LASER

HH OPS H TCHH KER OPERATI ONS DI RECTCOR

HLS HUMAN LI FE SCI ENCES

HN H GH NOON e@[cr5844 ]

HP HElI GHT OF PERI GEE

HST HUBBLE SPACE TELESCOPE

HTD HEDS TECHNOLOGY DEMONSTRATI ON

HULA (NASA CONTI NGENCY GROUND STATI ON LOCATED AT KAENA
PO NT, HI)

HVI U H TCHHI KER VI DEO | NTERFACE UNI T

I I NHI BI T

| C | NSTRUMENT CARRI ER

| EH 3 | NTERNATI ONAL EXTREME ULTRAVI OLET H TCHHI KER

| FM | N- FLI GHT MAI NTENANCE

| MJ | NERTI AL MEASUREMENT UNI T

| P | MPACT PO NT

| PS | NERTI AL PO NTI NG SYSTEM

| NCO | NSTRUVENTATI ON AND COMMUNI CATI ONS OFFI CER

| NFLT | N- FLI GHT

/O | NPUT/ QUTPUT

| TA SPACEHAB | NTEGRATED TUNNEL ASSEMBLY

JDI JONATHAN DI CKI NSON

JDMTA JOHNATHAN DI CKI NSON M SSI LE TEST ANNEX

JA P JO NT OPERATI ONS | NTERFACE PROCEDURES

JSC LYNDON B. JOHNSON SPACE CENTER

KBPS KILO BITS PER SEC

KOH POTASSI UM HYDROXI DE

KSC JOHN F. KENNEDY SPACE CENTER

KW KI LOMATTS

L LEFT
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LBS
LCC
LCG
LDR
LED
LI ON

LI RS
LGS
LPT
LRU
LSP
LTM
LV
LVLH

M

MAGR
MAN
MASS
MAT
MAX
MBPS
MCC
MCC- H
MCC- M
MCS
MCl U
MV
IVDF
VDM
MECO
VElI DEX
IVEL
MESS
VET
MEBX
MGV
M LA
M N
M ST
M.S
W
MVACS
A%
MW

POUNDS

LAUNCH COM T CRI TERI A

LAVMBERT CYCLI C GUI DANCE

LOW DATA RATE

LI GHT EM TTI NG DI CDE

(NASA CONTI NGENCY GROUND STATI ON LOCATED AT RAF
OAKHANCER, UNI TED Kl NGDOM)

THE LOW | ODI NE RESI DUAL SYSTEM
LI NE OF SI GHT

LOW PONER TRANSCEI VER

LI NE REPLACEABLE UNI' T

LAM NAR SOOT PROCESS

LANDVARK TRACK MANEUVER

LOCAL VERTI CAL

LOCAL VERTI CAL LOCAL HORI ZONTAL

METER

MVEASURED

M DDECK

M NI ATURE Al RBORNE GPS RECEI VER
MANUAL

M NI ATURE ACQUI SI TI ON SUN SENSOR
MATERI AL

MAXI MUM

MEGA BI TS PER SECOND

M SSI ON CONTROL CENTER

M SSI ON CONTROL CENTER - HOUSTON
M SSI ON CONTROL CENTER - MOSCOW
MAGNETI C CONTROL SYSTEM

MANI PULATOR CONTROL | NTERFACE UNI T
M CROBI AL CHECK VALVE

M NI MUM DURATI ON FLI GHT

MULTI PLEXER/ DEMULTI PLEXER

MAI' N ENG NE CUTOFF

MEDI TERRANEAN | SRAELI DUST EXPERI MENT
M NI MUM EQUI PMENT LI ST

MAXI MUM ENVELOPE STORACGE SYSTEM
M SSI ON ELAPSED TI ME

M DDECK GLOVEBOX

MECHANI CS OF GRANULAR MATERI ALS
MERRI TT | SLAND LAUNCH AREA

M NI MUM

WATER M ST EXPERI MENT

M CROMVE LANDI NG SYSTEM

M SSI ON MANAGER

MECHANI CAL, MAI NTENANCE, ARM AND CREW SYSTEMS
M SSI ON MANAGEMVENT TEAM

MASS MEMORY UNI'T
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MNB
MOSA
MPCC
VPE
MPFE
VPM
MPS

Vsl D
M5TRS
MI'BF

PAO
PCBA

VAl N

MAI'N BUS B

M SSI ON OPS SUPPORT AREA

MULTI - PROGRAM CONTROL CENTER

M SSI ON PECULI AR EQUI PIVENT

M CROBI AL PHYSI OLOQd CAL FLI GHT EXPERI MENT
MANI PULATCOR PCSI TI ONI NG MECHANI SM

MAI' N PROPULSI ON SYSTEM

MANI PULATOR RETENTI ON LATCH

MEASUREMENT STI MULATI ON | DENTI FI CATI ON

M NI ATURE SATELLI TE THREAT REPORTI NG SYSTEM
MEAN TI ME BETWEEN FAI LURES

MASTER TIM NG UNI' T

MULTI PLEXER

NOT APPLI CABLE

NATI ONAL AERONAUTI CS AND SPACE ADM NI STRATI ON
PHASE ANGLE ADJUSTMENT MANEUVER

NETWORK CONTROL CENTER

NORTHRUP LAKEBED LANDI NG Sl TE

NCORMAL

NEXT PRI MARY LANDI NG SI TE

NATI ONAL SPACE TRANSPORTATI ON SYSTEM

NAUTI CAL M LES

OVERHEAD

ORBI TAL ACCELERATI ON RESEARCH EXPERI MENT
ORBI TAL ACCELERATI ON RESEARCH EQUI PMENT
ORBI TER COMMUNI CATI ONS ADAPTER

ORBI TAL DATA REDUCTI ON COVPLEX

ORBI TER DOCKI NG SYSTEM

OPERATI ONAL | NSTRUMENTATI ON

OPERATI ONAL AND | NTERCOM SYSTEM

ON-ORBI' T LEAK | NTEGRI TY CHECK

ORBI TAL MANEUVERI NG ENG NE

OPERATI ONS AND MAI NTENANCE | NSTRUCTI ON
ORBI TAL MANEUVERI NG SYSTEM

OPERATOR

OPERATI ONS

OPTI ON

OSTEOPORCSI S EXPERI MENT I N ORBI'T

ORBI TER SPACE VI SI ON SYSTEM FLI GHT TESTI NG

PUBLI C AFFAI RS OFFI CER
PORTABLE CLI NI CAL BLOOD ANALYZER
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PCF PROTEI N CRYSTALLI ZATI ON FACI LI TY

PCM PULSE CODE MODULATOR

PCVWU PULSE CCDE MODULATI ON MASTER UNI T
PCUEP PHASE CHANGE UPPER END PLATE

PDI PAYLOAD DATA | NTERLEAVER

PDI P PAYLOAD DATA | NTERFACE PANEL

PDL PONCE DE LEON STATI ON

PDRS PAYLOAD DEPLOY AND RETRI EVAL SYSTEMS
PDSU POAER DI STRI BUTI ON AND SUPPLY UNI T
PF PAYLOAD FORWARD

PF1 PAYLOAD FORWARD #1

PGSC PAYLOAD AND GENERAL SUPPORT COVPUTER
PHA PULSE HEI GHT ANALYSI S

PHAB4 PHYSI OLOGY AND BI OCHEM STRY 4

P PAYLOAD | NTERROGATOR

Pl KE (NASA CONTI NGENCY GROUND STATI ON FOR S- BAND FM

DOMLI NK LOCATED AT COLORADO TRACKI NG STATI ON,
SCHRI EVER AFB, CO

Pl P PAYLOAD | NTEGRATI ON PLAN

PL PAYLOAD

P/ L PAYLOAD

PLB PAYLOAD BAY

PLBD PAYLOAD BAY DOORS

PLHX PAYLOAD HEAT EXCHANGER

PLS PRI MARY LANDI NG SI TE

PLT PI LOT

POCC PAYLOAD OPERATI ONS CONTROL CENTER
PCL PAYLOAD OPERATI ONS LEAN

PCSN PCSI Tl ON

PPRV PCSI TI VE PRESSURE RELI EF VALVE
PRCB PROGRAM REQUI REMENTS CONTROL BQOARD
PRCS PRI MARY REACTI ON CONTROL SYSTEM
PRE PRELI M NARY

PRI PRI MARY

PROP PROPULSI ON

PROX PROXIM TY

PSP PAYLOAD SI GNAL PROCESSOR

PSRP PAYLOAD SAFETY REVI EW PANEL

PTB PAYLOAD TI M NG BUFFER

QDM QUI CK DON MASK

R RI GHT

RA RI GHT ACENSI ON

RAM RANDOM ACCESS MEMORY

RBAR RADI US VECTOR

RCS REACTI ON CONTROL SYSTEM
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RDM SPACEHABE RESEARCH DOUBLE MODULE

REF REFERENCE

REEF (NASA CONTI NGENCY GROUND STATI ON LOCATED AT DI EGO
GARCI A, BRI TI SH | NDI AN OCEAN TERRI TORY)

REGRPL REGRAPPLE

REP REPRESENTATI VE

REL RELEASE

REM RELEASE ENGAGE MECHANI SM

RF RADI O FREQUENCY

R F REFRI GERATOR/ FREEZER

RHC ROTATI ONAL HAND CONTROL LER

RHS REHYDRATI ON STATI ON

RM REDUNDANCY MANAGEMENT

RME Rl SK M TI GATI ON EXPERI MENT

RMVS REMOTE MANI PULATOR SYSTEM

RNDZ RENDEZVOUS

ROCC RANGE OPERATI ONS CONTROL CENTER

RO RADI US OF | NFLUENCE

ROT ROTATI ON

RPOP RENDEZVOUS PROX OPS PROGRAM

RR RENDEZVQOUS RADAR

RS REDUNDANT SET

RSAD RMS SI TUATI ONAL AWARENESS DI SPLAY

RSCS RACK SUCTI ON COCLI NG SYSTEM

RSGF RI G DI ZE SENSI NG GRAPPLE FI XTURE

RSS RACK SUPPORT STRUCTURE

RTLS RETURN TO LAUNCH SI TE

RTS REMOTE TRACKI NG STATI ON

SAA SOQUTH ATLANTI C ANOVALY

SANVS SPACE ACCELEROVETER SYSTEM

SAMS- FF SPACE ACCELEROMETER SYSTEM FREE FLYER

SAREX SHUTTLE AMATEUR RADI O EXPERI MENT

SEC SECOND

SEH SOLAR EXTREME ULTRAVI OLET H TCHHI KER

SEM SPACE EXPERI MENT MODULE

SEP SEPARATI ON

Skg SULFUR HEXAFLUORI DE

SH SPACEHAB

SHPM SPACEHAB PROGRAM MANAGER

SHO SATELLI TE HANDOVER

SHOD SPACEHAB OPERATI ONS DI RECTOR

SHPM SPACEHAB PROGRAM MANAGER

S SOLAR | NERTI AL

Sla SPACE | NTEGRATED GLOBAL POSI TI ONI NG SYSTEM | NTERNAL
NAVI GATI ON SYSTEM

SI MO SI MULTANEQUS

SJ SI NGLE JO NT

SLS SECONDARY LANDI NG SI TE
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SLWI SUPER LI GHT- VEI GHT TANK
SM SYSTEMS MANAGEMENT
SIVAC SPACECRAFT MAXI MUM ALLOMBLE CONCENTRATI ON
SCDB SHUTTLE OPERATI ONAL DATA BOCK
SOFBALL STRUCTURE OF FLAME BALLS AT LOW LEW S- NUMBER
SCLCON SOLAR CONSTANT EXPERI MENT
SCLSE SHUTTLE QZONE LI MB SOUNDI NG EXPERI MENT
SPC STORED PROGRAM COVVAND
SQ SQUARE
SR SUNRI SE
SRB SCOLI D ROCKET BOOSTER
SS SUNSET
SSP SPACE SHUTTLE PROGRAM
STANDARD SW TCH PANEL
SSR SOLI D STATE RECORDER
ST STAR TRACKER
STARNAV STAR NAVI GATI ON
STARS BOOTES SPACE TECHNOLOGY AND RESEARCH STUDENTS BOOTES
STBD STARBOARD
STDN SPACECRAFT TRACKI NG AND DATA NETWORK
STS SUNRI SE THROUGH SUNSET
SUPA SHUTTLE URI NE PRETREAT ASSEMBLY
SYS SYSTEM
T TAKECFF
TACAN TACTI CAL Al R NAVI GATI ON
TAEM TERM NAL AREA ENERGY MANAGEMENT
TAL TRANSATLANTI C ABORT LANDI NG
B TALK BACK
TBD TO BE DETERM NED
TDRS TRACKI NG AND DATA RELAY SATELLI TE
TDRSS TRACKI NG AND DATA RELAY SATELLI TE SYSTEM
TEHM THERMOELECTRI C HOLDI NG MODULE
TFL TELEMETRY FORVAT LQAD
THC TRANSLATI ONAL HAND CONTROLLER
TI TERM NAL PHASE | NI TI ATI ON
TG TIME OF | GNITI ON
K TANK
TPS THERVAL PROTECTI ON SYSTEM
TRANS TRANSLATI ON
TSU TRAJECTORY SERVER UPGRADE
™ P TELEVI SI ON | NTERFACE PANEL
ucB URI NE COLLECTI ON BAG
\% VELOCI TY
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VBAR VELOCI TY VECTOR

VCD VAPOR COVPRESSI ON DI STI LLATI ON

VCD FE VAPOR COVPRESSI ON DI STI LLATI ON FLI GHT EXPERI MENT
VERN VERNI ER

VFEU VESTI Bl ULAR FUNCTI ON EXPERI MENT UNI' T

VGS VI DEO GUI DANCE SENSCR

VI P VACUUM | ON PUVP

VLA VERY LARGE ARRAY

VRCS VERNI ER REACTI ON CONTROL SYSTEM

W VELOCI TY VECTOR

W WATTS

WCS WASTE COLLECTI ON SYSTEM

WDC WATCH DOG Cl RCUI T

WLPS WALLOPS | SLAND

WS WHEEL STOP

WEC VWH TE SANDS COVPLEX

WI VEI GHT

ZCG ZEQLI TE CRYSTAL GROMH

ZCE ZONE OF EXCLUSI ON
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APPENDIX B

CHANGE CONTROL

1.0 INTRODUCTION

1.1 PURPOSE

The purpose of this appendix is to delineate change control procedures for Volumes A, B, C, D,
and flight-specific/increment-specific Flight Rules Annexes. This will ensure the proper
coordination of changes and provide a record of the proposed changes including the rule rationale
and the reason for making the change. The web-based database, Workflow, is now being used to
generate CR’s for Volumes A, B, C, D, and Flight Rules Annexes and is the preferred method for
initiating CR’s. Refer to paragraph 2.1.1 for Workflow enrollment instructions. The change request
(CR) form on page B-10 is designed to assist this change control process only when it is not
possible to use Workflow. Workflow is available at URL: http://mod.jsc.nasa.gov/da8. Under the
Workflow Link title, click on the Flight Rule CR System link.

1.2 GENERAL

All Flights critical items list (CIL)-related rules and generic rules with a recurring potential for
mission-specific options or exceptions will be flagged so that they are readily identifiable in the All
Flights generic documents. Hazard control (HC)-related rules are monitored by NA/Safety
Division, and impact to an HC rule requiring PRCB/JPRCB/SSPCB is reported to the
FRCB/JFRCB. When a change to a ClL-related specific flight rule, or an HC-related rule, is
approved and CIL retention rationale is affected by the change, the change will not be
incorporated until a corresponding change to the retention rationale is approved by the Shuttle or
Station Programs. The same general philosophy applies to the changes that modify existing
payload or orbiter hazard controls. These flight rule changes will not be incorporated until the
appropriate safety organization approves a corresponding change to the related hazard control
documentation. A [CIL] tag, in brackets, will be added to the title for CIL-related rules. Some
Volume A rules not identified as CIL are identified as hazard control and an [HC] tag, in brackets,
will be added to the title of those rules. Volume B rules primarily have been identified for hazard
control and will be tagged [HC] in the title. Examples of All Flights rules that have the recurring
potential for flight-specific options or exceptions are some of the remote manipulator system rules.
For those type flight rules, the options or exceptions can be exercised as part of the flight-specific
Flight Rules Annex development process. Flight-specific exceptions to any other All Flights
generic rules must be approved by the appropriate Flight Rules Control Board (FRCB) or Joint
Flight Rules Control Board (JFRCB).

It is suggested that those organizations with flight rules which affect CIL retention rationale or
hazard controls implement an independent internal CR handling procedure that identifies CIL or
HC flight rules and protects against inappropriate changes to these types of rules.

The FRCB/JFRCB is responsible for review and approval of CR’s written against the Volume A, B,
C, and D generic rules documents. The FRCB/JFRCB is chaired by the Director, Mission
Operations or his designee.
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1.3 EFFECTIVITY
January 21, 2002.

2.0 CHANGE PROCEDURES

2.1 SUBMISSION OF CHANGES

The flight rules change control process starts when someone in the technical community identifies
a valid need to delete or modify an existing flight rule or to add a new rule. The web-based
database, Workflow, is now being used to generate CR'’s for Volumes A, B, C, D, and Flight Rules
Annexes. Refer to the paragraphs below for Workflow user and enrollment instructions. That
individual fills out the Workflow CR form. (If access to the Workflow form is not available to the
user, a paper form is provided on page B-10.) In developing the Workflow change file, the CR
author should cut and paste appropriate pages from the Flight Rules document and SAVE AS a
user file in the user’s directory. Changes may be made to the appropriate rules of the author’s file.
When working this file, please accept any revisions on the copied page then turn the REVISION
MODE ON so the change inputs are highlighted. Extracted rule pages or blank pages free of the
graphics frame are encouraged.

All of the current Flight Rules documents are available on the internet. The URL is:
http://mod.jsc.nasa.gov/da8. No ID or password will be required to access any of the rules
provided the user is accessing from a trusted site (all NASA centers, contractors, and
International Partners). If unable to access, users need to send an e-mail note to DA8/M. L.
Griffith (mary.l.griffith1@jsc.nasa.gov) with their full name, company, IP address, and a
justification statement for access.

The completed CR is then submitted to a division FRCB/JFRCB representative for approval.
That representative should ensure that all CR’s are coordinated within the originating division
before submitting them to the DA8/Flight Director Office, Lyndon B. Johnson Space Center,
Houston, Texas 77058. Each division should establish its own process to handle this internal
coordination. DF/System Division is an exception to this protocol. CR’s from DF are not
processed through the DF FRCB representative, but submitted to the Flight Director Office by
DF Branch Offices. When internal coordination has been completed, the division FRCB/JFRCB
representative signs the form and forwards it to the Flight Director Office. For Workflow CR’s,
facsimile signature is recognized by the DA8/Flight Director Office when the CR is routed
electronically from the appropriate Group Lead, Branch Manager, or the Division FRCB/JFRCB
representative within MOD to DA8/J. M. Bryant (to the appropriate DA8/Book Manager for
Annexes) for generic rule CR’s and cc to DA8/W. P. Dill for Space Shuttle Operational Flight
Rules, Volume A; DA8/J. M. Bryant for ISS Generic Operational Flight Rules, Volume B; and
DA8/W. P. Dill for Joint Shuttle/ISS Generic Operational Flight Rules, Volume C, or
Soyuz/Progress/ISS Joint Flight Rules, Volume D. Examples of the electronic addresses are:
SMPT: william.p.dilll@jsc.nasa.gov or smpt: wdill@ems.jsc.nasa.gov. Organizations
outside MOD may submit CR’s through the appropriate MOD division to facilitate presubmittal
review and coordination or may submit completed CR’s directly to the Flight Director Office.
Workflow CR’s submitted from outside MOD require a tailored setup for the author as the CR will
not be processed without one additional review/approval inside the author’s Branch, Group, etc.
When practicable, coordination should include the Flight Director. Workflow CR’s are
encouraged from outside MOD.

STS-107 06/20/02 FINAL CHANGE CONTROL B-2
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

2.1.1 Enrollment

“Workflow” is a web-based database which uses e-mail to route and announce CR’s for
review or approval. The approval process is discussed in paragraph 2.2. Workflow requires
the user to be enrolled in the database.

Anyone with a need who resides in the JSC Domain or certain trusted domains may be
enrolled in Workflow by providing their full name, 4-digit mail code, domain user ID,
telephone number, and e-mail address. The request and information should be provided to
Division database editors, trusted domain database editors, or to the Book Manager listed on
the Preface page of the flight rules documents.

Enrollment for users outside the JSC Domain/trusted domains is available if the user has a
need to change or review flight rules. At URL: http://mod.jsc.nasa.gov/da8), under the title
Workflow Link, click the Process for obtaining access to Workflow link. Fill out the form
and follow the submitting instructions. The DAS8/Flight Director Office will sponsor each
request. The requester will be informed when the application is approved and enrollment
completed.

The Workflow URL is: https://jsc-mod-wrkflow.jsc.nasa.gov. Refer to the Help and
Frequently Asked Questions and the Complete Users Guide links for further information.
There is also a Workflow Trainer CBT which is at URL: http://mod.jsc.nasa.gov/da8.

2.1.2 Format

Individuals desiring to submit a flight rule change will complete the Workflow CR form. For
new flight rule submittals, the rule and its associated rationale should be phrased as it is
intended to appear in the flight rules document. Supporting data for the rationale may be
attached. For changes to existing rules, the proposed changes must be made obvious when
making the Workflow file attachment by accepting any revisions on the Flight Rule page to
be modified, then turn the revision mode ON so that changes may be clearly identified.

2.1.3 CR Input Nonconformance

If an error is discovered while reviewing an incorporated Flight Rule CR, please notify the Book
Manager of the nonconformance using the EZ CR form provided on the next page of this
appendix. (Be aware that this is not the Flight Rule CR form and should only be used to report
nonconformances.) Verification of the nonconformance initiates a metric input, correction,
possible corrective action, nonconformance disposition/approval, and closure. Closure of
“Control of Nonconforming Product” nonconformance EZ CR’s are approved by the Flight
Director Office USA supervisor or his designee. Closure of “Corrective and Preventive Action”
nonconformance EZ CR’s are approved by the Chief of the Flight Director Office or his designee.
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FLIGHT RULES EZ CR

DATE INITIATED BY: ORG/NAME/PHONE RULE NUMBER CONTROL NUMBER
CR FLIGHT EFFECTIVITY OTHER AFFECTED FLIGHT RULES | DOCUMENT w/Date | REV Date ALL FLTS VOL
ANNEX
Rule Element Rule Section
SHORT DESCRIPTIVE TITLE OF CHANGE RULE
RATIONALE
Nonconformance Description - Attached (If required)
Special instructions (if required):
Approval Date
NONCONFORMANCE
TECHNICAL ERROR
EDITORIAL ERROR
RECEIVED: (DA8 Use Only)
INCORPORATED:
EZ CR STATUS: OPEN
SUBMIT CR TO: Annex Book Manager or
DAS8/W. P. DILL, NASA/JSC, PHONE 713-483-5418
SMPT: william.p.dill1@jsc.nasa.gov
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INSTRUCTIONS

1. DATE - Enter FLIGHT RULES EZ CR initiation date.

2. INITIATED BY: ORG/NAME/PHONE - Enter the originator's organization, name, and phone number (including
area code if other than JSC).

3.  RULE NUMBER - Enter the nonconformance rule number.

4. CONTROL NUMBER - Leave blank; will be assigned and entered by the document manager.

5.  FLIGHT EFFECTIVITY - Enter whether Generic or Flight Specific Number.

6. OTHER AFFECTED RULES - Enter other rules affected.

7. DOCUMENT DATE w/Date/ REV Date - Enter the “affective document” document date and the PCN/Rev (if
applicable ) that contains the rule to be modified.

8.  Enter All Flights Volume A, B, or C, or check the appropriate box for the annex

9. RULE ELEMENT - Enter the rule element number.

10. RULE SECTION - Enter the rule section number

11. SHORT DESCRIPTIVE TITLE OF CHANGE - Enter a short descriptive title of the change.

12. = RULE, & RATIONALE - Check appropriate box for whether the nonconformance is in rule and/or rationale.

13. NONCONFORMANCE DESCRIPTION - Enter a description of the nonconformance.

14. SPECIAL INSTRUCTIONS (IF REQUIRED) - Enter any special instruction here.

15 NONCONFORMANCE - Leave blank; will be assigned and entered by the document manager.
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2.2 CR APPROVAL
2.2.1 Coordination

Pre-coordination between the author and affected disciplines is assumed. In Workflow, when
the Flight Director Office receives a generic flight rule CR for disposition, it will automatically be
assigned a contol number, and it will be assigned to a coordinating flight director. The
coordinating flight director works with the initiator on any desired changes to the wording for the
rule or rationale. The coordinating flight director conducts the Flight Director Office review and
assists in the identification of any additional data or coordination that may be required. When
this initial coordination has been completed and external coordination is required, a mandatory
review sheet is readied by the coordinating flight director and distributed for formal review and
comment with an appropriate suspense date provided. When required, all FRCB/JFRCB
members plus others identified by the coordinating flight director will receive review copies via
Workflow. To allow adequate review time, the suspense date is established to support the next
scheduled FRCB/JFRCB (or specific launch date). CR’s are required to be delivered to the
Flight Director Office for review no later than 3 weeks prior to the FRCB/JFRCB. CR’s
submitted after the 3-week deadline may be scheduled on the FRCB/JFRCB agendas at the
discretion of the Board Chair.

This review includes an assessment of impact to retention rationale for CIL-related rules and a
review of related orbiter or payload hazard reports. For all proposed changes to CIL/HC-related
flight rules, the rationale must be approved by the respective Program before the CR may be
placed on the Board agenda.
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2.2.2 Approved/Disapproved/Deferred CR’s

2221 Generic CR’s

For minor changes to generic rules/rationale, format only changes to flight rules, and when no
mandatory review assignments have been made by the reviewing Flight Director, the FRCB/JFRCB
Chairman may approve the CR without formal presentation to the board, provided no changes were
recommended by the board members. These are the CR’s identified on the FRCB/JFRCB agenda
with an asterisk. Occasionally, the FRCB/JFRCB Chairman will approve and sign a CR out of board
to expedite a CR through the process, and usually that CR will be presented at the next
FRCB/JFRCB. All other CR’s will be considered by the FRCB/JFRCB with a formal presentation. The
FRCB/JFRCB considers each CR based on the impact on operations, the impact on documented
hazard controls or CIL retention rationale, and the technical justification. Each CR will then be
approved, disapproved, or deferred. Approved changes will be incorporated into the next page
change notice (PCN) or revision to the generic document. Disapproved CR changes will be returned
to the initiator along with the reason for disapproval. Disapprovals may be appealed to the Level II
Program Office, if desired. The last possible FRCB/JFRCB action is deferral. CR’s will be deferred
for only two reasons: all mandatory concurrences have not been received, or additional data or
analysis is needed. CR deferrals will be rescheduled for a subsequent FRCB/JFRCB meeting.

FRCB/JFRCB minutes document the status of each CR dispositioned (approved, deferred,
approved with modification, actions given, and status of past actions). Workflow databased CR'’s
may be processed by the Book Manager acting for the FRCB/JFRCB Chair in accordance with the
FRCB/JFRCB CR status documented in the minutes.

2222 Annex CR’s

The Lead Flight Director has approval authority of CR’s for Flight Specific Increment Annexes or
for Flight Specific Annexes.

3.0 DOCUMENT REVISIONS/DEVELOPMENT

3.1 DEVELOPMENT

The Flight Director Office will compile for the generic documents the effective changes and
corrections of minor typographical errors into complete Revisions or PCN’s to the basic
document.

The Flight Director Office prepares annexes on a per flight basis according to schedule template
at approximately launch minus 7 months in most cases.

Editorial changes may be used to correct typographical errors if there are no other changes on
the page concerned.
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3.2 DOCUMENT APPROVAL

3.2.1 Generic Rules Documents

Revisions/PCN's to the Volume A document will be approved by the Chief, Flight Director Office;
Director, Mission Operations; and Manager, Space Shuttle Program. Pen and Ink (P&l) changes
will be approved by the Chief, Flight Director Office under DA8 memorandum with concurrence
by the Director, Mission Operations. Real-time CR’s are approved by the Flight Director and the
Mission Operations Director and are statused to the Mission Management Team.

Revisions/PCN's to the Volume B and D documents will be approved by the Chief, Flight Director
Office; Director, Mission Operations; and Manager, Space Station Program. P&l changes will be
approved by the Chief, Flight Director Office under DA8 memorandum with concurrence by the
Director, Mission Operations. Real-time CR’s are approved by the Flight Director and the
Mission Operations Director and are statused to the Mission Management Team.

Revisions/PCN's to the Volume C document will be approved by the Chief, Flight Director Office;
Director, Mission Operations; Manager, Space Shuttle Program; and Manager, Space Station
Program. P&l changes will be approved by the Chief, Flight Director Office under DA8
memorandum with concurrence by the Director, Mission Operations. Real-time CR’s are
approved by the Flight Director and the Mission Operations Director and are statused to the
Mission Management Team.

Documents are updated with approved CR’s and statused at program review boards. If all
signatures are not obtained in time to meet publication schedules, signatures pages will be
posted by eratta when they are received.

3.2.2 Annex Documents

A “Headsup” review copy of the “Final” document is provided for program review 5 working days
prior to “Final” presentation to the affected Program Requirements Control Board (PRCB) or
SSCB or Joint Board. After the 5-day review, the Flight Director is scheduled on the appropriate
board agenda via a Control Board CR to brief any flight specific issues potentially affecting
Program policies. Also, any additional significant changes received during the 5-day review
period will be briefed.

Pre-Final documents are approved by the Lead Flight Director or his designee.

The Annex Final and Revisions/PCN'’s to the Final document will be approved by the Chief,
Flight Director Office; Director, Mission Operations; and Manager, Space Shuttle Program. Pen
and Ink (P&I) changes will be approved by the Lead Flight Director under DA8 memorandum
with concurrence by the Chief, Flight Director Office and Director, Mission Operations. Real-time
CR'’s are approved by the Flight Director and the Mission Operations Director and are statused
to the Mission Management Team.

The Increment Annex Final and Revisions/PCN's to the Final will be approved by the Chief,
Flight Director Office; Director, Mission Operations; Manager, Space Shuttle Program; and
Manager, Space Station Program. Pen and Ink changes will be approved by the Lead Flight
Director under DA8 memorandum with concurrence from the Chief, Flight Director Office and
the Director, Mission Operations. Real-time CR’s are approved by the Flight Director and the
Mission Operations Director and are statused to the Mission Management Team.
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3.3 PUBLICATION

3.3.1 Schedule

3.3.1.1 Generic Rules

All Flights documents (Volumes A, B, C, and D) originating as initial documents would
approximately follow the schedule described for annexes except the FRCB/JFRCB would
exercise individual rules approval prior to obtaining respective PRCB/JPRCB/SSPCB approvals.
After initial release of Volumes A, B, C, etc., in “Final” form, subsequent revisions will be in the
form of PCN’s or Pen and Inks (P&l's), depending on CR traffic and mission requirements.

3.3.1.2 Annex/Increment Rules

Initial publication of annexes will be in “Basic” form and provided for the Flight Operations Review
(FOR) data pack distribution at approximately launch minus 4 months for Space Shuttle only
missions and L-5 months for Joint Shuttle/ISS missions (schedule provided by Payload FOR
memorandum.) Post-FOR, the flight rules will be published in “Basic, Revision” form and
distributed in time to support the flight simulation schedule. The “Final” approval process takes
place at approximately liftoff minus 1 month. The logistics required for the formal approval
process precludes initiating a PCN within 2 weeks of launch. Within 2 weeks of the launch, the
Pen and Ink (P&I) process is invoked with P&l changes processed “on console” at launch minus 1
day, and produced on an “as required” basis. After liftoff, changes will be processed real time per
JSC-26843, Flight Control Operations Handbook (FCOH) Shuttle Operations, SOP 1.2.1, Real-
Time Flight Rules Changes, or JSC-29279, FCOH Station Operations, SOP 2.6, Real-Time Flight
Rules Changes.

3.3.2 Distribution

Hard copy publications will be printed and distributed through normal administrative channels.
Use of electronic copies off the website is encouraged. All of the current Flight Rules
documents are available on the internet at URL: http://mod.jsc.nasa.gov/da8.
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CHANGE REQUEST
(TO BE USED ONLY WHEN WORKFLOW DATABASE IS UNAVAILABLE.)

DATE INITIATED BY: ORG/NAME/PHONE CONTROL NUMBER RULE NUMBER

CR FLIGHT EFFECTIVITY & Term OTHER AFFECTED FLIGHT RULES | DOCUMENT w/Date | REV Date ALL FLTS VOL
ANNEX

Terminate after: Rev:

Rule Element Rule Section

SHORT DESCRIPTIVE TITLE OF CHANGE RULE
RATIONALE

Rule Change - Attached

Special instructions (if required):

REASON FOR CHANGE (required input - each paragraph is limited to 255 characters)
Para 1:
Para 2:

Pre-Coord: (org/name)

APPROVED: CIL HAZARD CONSTRAINTS TO APPROVED:
Signed By: OPERATIONS? Signed By:
ves [ ] no []
SUBMITTING ORGANIZATION DOES THIS CHANGE MODIFY EXISTING | FRCB/JFRCB CHAIRMAN
FRCB/JFRCB MEMBER CIL RETENTION RATIONALE?
DATE: ves[] no[] | pate:
CHANGE IS A RESULT OF: DOES THIS CHANGE AFFECT CREW | APPROVED: (ANNEX ONLY)
PROCEDURES? Signed By:
NEW CAPABILITY HW ves[ ] no [ ]
PROCEDURE CHG sw DOES THIS CHANGE MODIFY LEAD FLIGHT DIRECTOR
EDITORIAL OTHER FOR A CONTROLLED HAZARD?
ves[] no[] | pate:

EVALUATION SUMMARY: SuUBMIT FINAL COMMENTS BY:

(DA8 USE ONLY) IN SUPPORT OF JOP ON: IN SUPPORT OF FRCB/JFRCB ON:
MAND Evaluator DATE A Al D Comments
X M
SUBMIT CR TO: Annex Book Manager or RECEIVED: (DA8 Use Only)
DA8/W. P. DILL, NASA/JSC, PHONE 713-483-5418
E-MAIL: william.p.dill1@.jsc.nasa.gov INCORPORATED:
CR STATUS:

JSCDAS8 Ver 11.0 (Rev July 2001) Electronic Media CR Form for Use with Word Ver 6.0 and later releases
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INSTRUCTIONS

1. DATE - Enter CR initiation date.

2. INITIATED BY: ORG/NAME/PHONE - Enter the originator's organization, name, and phone number (including
area code if other than JSC).

3. CONTROL NUMBER - Leave blank; will be assigned and entered by the document manager.

4, RULE NUMBER - Enter the existing rule number to be modified. If this is a new rule, enter the section number
and the document manager will assign a rule number.

5. FLIGHT EFFECTIVITY & Term and Terminate after: - Enter the first flight for which the rule is required. If
generic, enter “ALL”. For Annex or Increment Annex STS-XX or INC X/STS-XX, if there is a mission that
requires termination thereafter, make that entry here using similar annotation STS-XX, etc.

6. OTHER AFFECTED RULES - Enter other rules which either reference this rule or which this rule references.

7. DOCUMENT DATE w/Date/ REV Date - Enter the “affective document” document date and the PCN/Rev (if
applicable ) that contains the rule to be modified.

8. & ALL FLIGHTS VOL, = ANNEX - Enter All Flights Volume A, B, or C, or check the appropriate box for the
annex document for which the CR is intended.

9. RULE ELEMENT - Enter the rule element number.

10. RULE SECTION - Enter the rule section number.

11. SHORT DESCRIPTIVE TITLE OF CHANGE - Enter a short descriptive title of the change.

12. = RULE, & RATIONALE - Check appropriate box for rule and/or rationale.

13. RULE CHANGE- ATTACHED - Enter the rule and rationale exactly as it will appear in the document to be
changed. It is preferred that the page(s) being changed be copied and pasted below the page break of the CR
form (“Instructions” page to be deleted). The rule/rationale should be modified with revision mode ON. For a
new rule, enter rule below the page break using format shown below:

14  TITLE - In capital letters and underlined.

RULE - In capital letters exactly as it will appear in the document.
RATIONALE - Enter the word “Rationale” followed by the rule rationale in lower case letters.

15. SPECIAL INSTRUCTIONS (IF REQUIRED) - Enter any special instruction here.

16. REASON FOR CHANGE - Enter the technical or philosophical reason for changing the existing rule or why a
new rule is required.

17. PRE-COORD: (ORG/NAME) - Enter any pre-coordination information obtained here.

18. APPROVED: SUBMITTING ORGANIZATION FRCB/JFRCB MEMBER/DATE - This block is to be signed/dated
by the Flight Rules Control Board (FRCB) or Joint FRCB member of the organization submitting the rule.
Concurrences, if required, may be initialed in this block. Changes originating from organizations which have no
FRCB/JFRCB membership may submit their proposed changes directly to the Flight Director Office, DAS,
Lyndon B. Johnson Space Center, Houston, Texas 77058.

19. CIL HAZARD CONSTRAINTS TO OPERATIONS: YES & NO & - Optional, the originator may attempt to
answer this question; however, the responsibility lies with DF to determine if the CR affects JSC 23227,
“ClIL/Hazard Constraints to Operations.” This is the MOD ops retention rationale document.

20. DOES THIS CHANGE MODIFY EXISTING CIL RETENTION RATIONALE: YES & NO & - Optional, the
originator may attempt to answer this question; however, the responsibility lies with DF to make this assertion.

21. DOES THIS CHANGE AFFECT CREW PROCEDURES? YES & NO & - The originator should attempt to
answer this question and make reference to changes in the crew procedures document in item 11.

22. DOES THIS CHANGE MODIFY RATIONALE FOR A CONTROLLED HAZARD? YES & NO & - Optional, the
originator may attempt to answer this question; however, the responsibility lies with the Systems or Operations
Divisions to make this assessment.

23. APPROVED: FRCB/JFRCB CHAIRMAN - This block is to be signed by the FRCB/JFRCB Chairman, Operations
Director, or his alternate signifying approval by the FRCB/JFRCB.

24. APPROVED: LEAD FLIGHT DIRECTOR - This block is to be used only for Lead Flight Director concurrence for
changes to the flight-specific annexes.

25. CHANGE IS RESULT OF - Check appropriate box.

26. EVALUATION SUMMARY - Leave blank; used by DAS8 to identify/request mandatory CR review.

27. RECEIVED/INCORPORATED/CR STATUS: - Leave blank; this block is used for internal document control by
the document manager.
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