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4.0 WEATHER RULES.

This section contains the weather conditions which are a constraint to | aunching
the Space Shuttle. The weather constraints stated in this section shall not be
wai ved.

The Orbiter landing site criteria are contained in the STS Qperational Flight
Rul es docunent.

4.1 AMBI ENT TEMPERATURE RESTRI CTI ON AT THE MLP DECK

Anbi ent tenperature, relative humdity and wi nd speed neasurenents are supplied
by the Launch Weather O ficer

A. Prior to External Tank Cryogenic Loading.

Propel l ant | oading of the External Tank shall not be initiated if
the 24 hour average tenperature for the preceding 24 hours has been
bel ow 41 degrees Fahrenheit.

B. From Start of ET Cryogenic Loading to Exiting the Last Hold Prior
to APU Start.

(1) The countdown shall not be continued nor the Shuttle |aunched
if the anmbient tenperature during this tine period exceeds 99
degrees Fahrenheit for nore than 30 consecutive m nutes based
on 5 minute averages of anbient tenperature.

(2) The Shuttle shall not be launched if the ambient tenperature is
[ ower than the m nimumtenperature limt, Tmin (Table 4.1B)
for nore than 30 consecutive mnutes unless the preplanned
contingency indicates recovery fromthe | ow tenperature
excur sions which caused the LCC violation. The m ninmm
tenmperature lints are specified in Table 4.1B as a function of
wi nd speed and relative humdity. The 0-64% colum of Table
4.1B shall be used to specify mni mum anbi ent tenperature
l[imts if relative humdity instrunentation is non-functional
Al'l measurenents (anbient tenperature, wi nd speed, and relative
hum dity) are 5-m nute averages.
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8 8 M ni mum Anbi ent Tenperature (Deg F), Tmin 3
3 B o L e h h e f o o o e o o o o o m e e e e e e e e e e e e e e e e e e e e e = 3
3 Wnd Speed 3 Rel ative Humidity 8
3 (knots) 3 0-64%3 65-74%3 75-79% 3 80-89%3 90-100% 3
B o L el m e f o o m o o e o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e = 3
3 0-1 3 48 3 47 3 46 3 45 3 44 3
B o L el m e f o o m o o e o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e = 3
3 2 8 47 3 46 3 45 3 44 3 43 3
B o L el m e f o o m o o e o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e = 3
3 3 3 41 3 41 3 41 3 40 3 39 3
B o L el m e f o o m o o e o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e = 3
3 4 8 39 & 3 & 3 3 39 3 38 3
B o L el m e f o o m o o e o o o o e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e = 3
3 5-7 s 38 & 38 & 38 @ 38 3 38 3

Table 4.1B

Rati onal e: The anbient tenperature restriction protects tenperature limts
specified in NSTS 07700, Volune X. Tenperature constraints are
based on tenperature depression and neasurement uncertainties.

Pr epl anned Contingency for M ni num Anbi ent Tenperature Viol ations:

The foll owi ng Recovery Tenperature Al gorithm (RTA) shall be initiated upon
violation of the mininmum anbient tenperature LCC linit. The RTA bal ances energy
levels for anbient air tenperature deviations below the LCC versus the effect of
air tenperature returning above the linit. The RTA integrates a convective
cooling energy termfor the tine the anbient air tenperature is belowthe limt
and offsets it with a convective heating termplus a diffuse solar heating term
when the anmbient air tenperature is back above the linit. Wen the total energy
is greater than zero, the Shuttle system has recovered from convective cooling
excur si ons.

Nornencl at ur e:
Delta t= Tinme interval for sunmming (units of 5 ninutes)
X= Switch for sunmm ng energy termns
X=1 for Tanmbient > or = Tnin
X=0 for Tanmbient < Tnmin

Tanmb= Aver age neasured anbient air tenperature in the tine interval
(units of degrees F)

Tm n= M ni mum anbi ent air tenperature limt specified in Table 4.1B at the
average neasured wind speed in the time interval (units of degree F)
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Esume Runni ng energy sum of convective cooling, convective heating and

sol ar energy (Btu-m nutes/ft2-hr)
V= 5 m nute averaged w nd speed in knots

Hc= t he maxi mum of: Hc=4.0(V/5.0)**0.5 or, Hc=1.0

the lower |imt of 1.0 is a natural convection value and for w nds

greater than zero a forced value is calculated as a function of

wi nd speed in knots (units of Btu/ft2-hr-F)
si gma= sunmmat i on
System Recovery Tenperature Al gorithm (RTA):

Esum (Btu-m nutes/ft2-hr) =

0.5(Btu/ft2-hr-F) sigma ((Tanb-Tmin)(F) (Delta t)(mnutes) (X))

+ 0.2 sigm ((Qsol)(Btu/ft2-hr)(Delta t)(m nutes) (X))

- sigma He(Btu/ft2-hr-F) ((Tmin-Tanmb) (F) (Delta t)(m nutes) (1-X))

where Hc is the greater of Hc
or Hc

1.0 (Btu/ft2-hr-F)

Di ffuse Solar Table (Table 4.10):

4.0(V/5.0)**0.5 (Btu/ft2-hr-F)

The values for diffuse solar are the m nimumthat can be expected on the
| aunch pad and are valid for any tinme of year and any anmpunt of cloud cover.
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1 3
3 7:00 3 7:20 3 0.04 3
1 3
3 7:20 3 7:40 3 4.54 3
1 3
3 7:40 3 8: 00 3 8.79 3
1 3
3 8: 00 3 8:20 3 11. 43 3
1 3
3 8:20 3 8:40 3 13. 14 3
1 3
3 8:40 3 9: 00 3 14. 32 3
1 3
3 9: 00 3 9: 20 3 15. 16 3
1 3
3 9: 20 3 9:40 3 15. 79 3
1 3
3 9:40 3 10: 00 3 16. 26 3
1 3
3 10: 00 3 10: 20 3 16. 62 3
1 3
3 10: 20 3 10: 40 3 16. 90 3
1 3
3 10: 40 3 11: 00 3 17. 11 3
1 3
3 11: 00 3 11: 20 3 17. 26 3
1 3
3 11: 20 3 11: 40 3 17. 36 3
e 3
3 11: 40 3 12: 00 3 17. 42 3
e 3
3 12: 00 3 12: 20 3 17. 44 3
e 3
3 12: 20 3 12: 40 3 17. 42 3
e 3
3 12: 40 3 13: 00 3 17. 36 3
e 3
3 13: 00 3 13: 20 3 17. 26 3
e 3
3 13: 20 3 13: 40 3 17. 11 3
e 3
3 13: 40 3 14: 00 3 16. 90 3
Table 4. 1C
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3 3 Eastern 3 3
3 3 St andard 3 ol 3
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B o o h e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e mm . m - 3
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< 3
3 14: 40 3 15: 00 3 15.79 3
< 3
3 15: 00 3 15: 20 3 15.16 3
< 3
3 15: 20 3 15: 40 3 14. 32 3
< 3
3 15: 40 3 16: 00 3 13. 14 3
< 3
3 16: 00 3 16: 20 3 11. 43 3
< 3
3 16: 20 3 16: 40 3 8.79 3
< 3
3 16: 40 3 17: 00 3 4.54 3
< 3
3 17: 00 3 17: 20 3 0.04 3
< 3
3 17: 20 3 17: 40 3 0. 00 3
< 3
3 24: 00 3 0: 20 3 0. 00 3

Tabl e 4. 1C (Concl uded)
Rul es for Use of the Recovery Tenperature Al gorithm (RTA):

1. The tine interval for sumring is 5 ninutes consistent with the 5 minute
average tenperature val ues supplied by the Launch Weat her O ficer

2. The RTA nust sum Esumfor the tinme period when the first 5 mnute average
m ni mum t enper at ure excursion (Tanb < Tmin) occurs continuous through the
time period where recovery occurs (Esum greater than 0).

3. Re-zero Esumif it is positive and a subsequent | ow tenperature excursion
i s encount ered.

4. When Esumis positive, the Space Shuttle has recovered and the LCC
violation is cleared

4.2 PRECI PI TATI ON CONSTRAI NT.

The Shuttle will not be launched if precipitation (visible rain, virga, or
m ni mum di scerni bl e weat her radar echo) exists in the flight path of the
vehi cl e.
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4.3 SURFACE WND LIMTS. Surface Wnd Limts for Launch (Measured at 60 feet
above natural grade).

Surface wind criteria is specified in SSID GSE-24.
4.4 NATURAL AND TRI GGERED LI GHTNI NG CONSTRAI NTS.

NOTI CE:  ANY CHANGES TO THI S SECTI ON W LL REQUI RE COORDI NATION W TH THE 30TH
AND 45TH SPACE W NG RANGE SAFETY OFFI CES.



Nat ural and Triggered Lightning Launch Commt Criteria (LCC

The Launch Weat her Team nust have clear and convinci ng evi dence that the
foll owi ng hazard avoi dance criteria are not viol ated.

Even when these criteria are not violated, if any other hazardous condition
exi sts, the Launch Wather Teamw Il report the threat to the Launch Director.
The Launch Director may HOLD at any tinme based on the instability of the

weat her.

1. Lightning

a) Do not launch for 30 minutes after any type of lightning occurs in a
thunderstormif the flight path will carry the vehicle within 10 NM
of that thunderstorm

b) Do not launch for 30 minutes after any type of |ightning
occurs within 10 NM of the flight path unless:

(1) The cloud that produced the lightning is not within 10 NM of
the flight path;

- and-

(2) There is at least one working field mlIl within 5 NM of each
such lightning flash;

- and-

(3) The absolute values of all electric field measurenents at the
surface within 5 NMof the flight path and at the nmill(s)
specified in (2) above have been | ess than 1000 V/mfor 15
m nut es.

Not es:
i) Anvils are covered in Criterion 3.

ii) If a cunulus cloud remains 30 minutes after the last |ightning
occurs in a thunderstormthen Criterion 2 applies.

Definitions: Anvil, Electric Field Measurenment at the Surface, Flight
Pat h, Thunderstorm Wthin
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2. Cumul us d ouds

a) Do not launch if the flight path will carry the vehicle within 10 NM
of any cumulus cloud with its cloud top higher than the -20 deg C
| evel .

b) Do not launch if the flight path will carry the vehicle within 5 NM
of any cunmulus cloud with its cloud top higher than the -10 deg C
I evel .

c) Do not launch if the flight path will carry the vehicle through any
cunulus cloud with its cloud top higher than the -5 deg C | evel.



d) Do not launch if the flight path will carry the vehicle through any
cunulus cloud with its cloud top between the +5 deg C and -5 deg C
| evel s unl ess:

(1) The cloud is not produci ng precipitation
- and-

(2) The horizontal distance fromthe center of the cloud top
to at |east one working field mll is Iless than 2 NM

- and-

(3) Al electric field neasurements at the surface within 5 NM of
the flight path and at the nmill(s) specified in (2) above have
been between -100 V/ mand +500 V/ mfor 15 m nutes.

Note: Cumulus clouds in Criterion 2 do not include altocunul us,
cirrocumul us or stratocumnul us.

Definitions: Coud Top, Electric Field Measurenent at the Surface,
Flight Path, Precipitation, Wthin

3. Anvil douds
a) Attached anvils:

(1) Do not launch if the flight path will carry the vehicle through
nont ransparent parts of attached anvil clouds.

(2) Do not launch if the flight path will carry the vehicle
within 5 NM of nontransparent parts of attached anvil clouds for
the first 3 hours after the tinme of the last |ightning discharge
that occurs in the parent cloud or anvil cloud.

(3) Do not launch if the flight path will carry the vehicle
within 10 NM of nontransparent parts of attached anvil clouds
for the first 30 mnutes after the tine of the last |ightning
di scharge that occurs in the parent cloud or anvil cloud.
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b) Detached Anvils:

(1) Do not launch if the flight path will carry the vehicle
t hrough nontransparent parts of a detached anvil cloud for the
first 3 hours after the tine that the anvil cloud is observed to
have detached from the parent cloud.

(2) Do not launch if the flight path will carry the vehicle through
nont ransparent parts of a detached anvil cloud for the first 4
hours after the tine of the last |ightning discharge that occurs
in the detached anvil cloud.

(3) Do not launch if the flight path will carry the vehicle within
5 NM of nontransparent parts of a detached anvil cloud for the
first 3 hours after the time of the last |ightning discharge



(4)

Not e:

that occurs in the parent cloud or anvil cloud before detachment
or in the detached anvil cloud after detachnent unless:

(a) There is at least one working field mlIl within 5 NMof the
det ached anvil cl oud;

- and-

(b) The absolute values of all electric field measurenments at
the surface within 5 NM of the flight path and at the
mll(s) specified in (a) above have been | ess than 1000 V/ m
for 15 m nutes;

- and-

(c) The maxi mumradar return fromany part of the detached anvil
cloud within 5 NM of the flight path has been | ess than
10 dBZ for 15 m nutes.

Do not launch if the flight path will carry the vehicle within
10 NM of nontransparent parts of a detached anvil cloud for the
first 30 minutes after the tine of the last |ightning discharge
that occurs in the parent cloud or anvil cloud before detachment
or in the detached anvil cloud after detachnent.

Det ached anvil clouds are never considered DEBRI S CLOUDS, nor
are they covered by Criterion 4.

Definitions: Anvil, Debris Cdoud, Flight Path, Nontransparent,

Thunderstorm Wthin

4. Debris C ouds

a) Do not launch if the flight path will carry the vehicle through any
nontransparent parts of a debris cloud during the 3-hour period
defined bel ow.
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b) Do not launch if the flight path will carry the vehicle within 5 NM
of any nontransparent parts of a debris cloud during the 3-hour
peri od defined bel ow, unl ess:

(1)

There is at | east one working field mlIl within 5 NMof the
debris cl oud;

- and-

(2)

The absolute values of all electric field nmeasurenents at the
surface within 5 NMof the flight path and at the mll(s)
specified in (1) above have been | ess than 1000 V/mfor 15

m nut es;

- and-

(3)

The maxi mumradar return fromany part of the debris cloud
within 5 NMof the flight path has been I ess than 10 dBZ for 15



m nut es.

The 3-hour period in a) and b) above begins at the tine when the debris
cloud is observed to have detached fromthe parent cloud or when the
debris cloud is observed to have fornmed fromthe decay of the parent
cloud top below the altitude of the -10 deg C | evel. The 3-hour period
begi ns anew at the tinme of any |ightning discharge that occurs in the
debri s cl oud.

Definitions: Coud Top, Debris Coud, Electric Field Measurenment at
the Surface, Flight Path, Nontransparent, Wthin

5. D sturbed Weat her

Do not launch if the flight path will carry the vehicle through any
nontransparent clouds that are associated with a weat her disturbance
havi ng clouds that extend to altitudes at or above the 0 deg C I evel
and contain nbderate or greater precipitation or a radar bright band or
ot her evidence of nmelting precipitation within 5 NMof the flight path.

Definitions: Associated, Flight Path, Mderate Precipitation
Nont ransparent, Wather Di sturbance, Wthin

6. Thick C oud Layers

Do not launch if the flight path will carry the vehicle through
nontransparent parts of a cloud layer that is:

(1) Greater than 4,500 ft thick and any part of the cloud |ayer along
flight path is |ocated between the 0 deg C and the -20 deg C
| evel s;

_Or_
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(2) Connected to a cloud layer that, within 5 NMof the flight path, is
greater than 4,500 ft thick and has any part |ocated between the
0 deg C and the -20 deg C | evels;

unl ess the cloud layer is a cirriformcloud that has never been

associ ated with convective clouds, is located entirely at tenperatures
of -15 deg C or col der, and shows no evidence of containing |iquid
water (e.g., aircraft icing).

Definitions: Associated, Coud Layer, Flight Path, Nontransparent
7. Snoke Pl unes

Do not launch if the flight path will carry the vehicle through any
cunul us cloud that has devel oped from a snmoke plume while the cloud is
attached to the snoke plune, or for the first 60 ninutes after the
cunul us cloud is observed to have detached fromthe snoke pl une.

Not e: Cunul us cl ouds that have forned above a fire but have been
detached fromthe snmoke plume for nore than 60 minutes are
consi dered CUMJLUS CLQOUDS and are covered in Criterion 2.



Definitions: Flight Path
8. Surface Electric Fields

a) Do not launch for 15 minutes after the absol ute val ue of any
electric field neasurenent at the surface within 5 NM of the flight
path has been greater than 1500 V/ m

b) Do not |aunch for 15 minutes after the absol ute val ue of any
electric field neasurenent at the surface within 5 NMof the flight
path has been greater than 1000 V/ m unl ess:

(1) Al clouds within 10 NM of the flight path are transparent;
-Or-

(2) Al nontransparent clouds within 10 NM of the flight path have
cloud tops below the +5 deg C | evel and have not been part of
convective clouds with cloud tops above the -10 deg C | evel
within the last 3 hours.

Not es:

i) Electric field measurenents at the surface are used to
i ncrease safety by detecting electric fields due to unforeseen or
unr ecogni zed hazards.

ii) For confirnmed failure of one or nore field nmll sensors, the
countdown and | aunch may conti nue.
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Definitions: Coud Top, Electric Field Measurenent at the Surface,
Fl i ght Path, Nontransparent, Transparent, Wthin

9. Definitions:

a) Anvil: Stratiformor fibrous cloud produced by the upper |evel
outflow or blowoff fromthunderstornms or convective clouds.

b) Associated: Used to denote that two or nore clouds are causally
related to the same weat her disturbance or are physically connected.
ASSQOCI ATED i s not synonynous with occurring at the same tinme. An
exanpl e of clouds that are NOT associated is air nmass clouds forned
by surface heating in the absence of organized lifting. Also, a
cunmul us cloud forned locally and a physically separated cirrus |ayer
generated by a distant source are not associated, even if they occur
over or near the launch site at the sanme tine.

Subsidiary Definition: Wather Disturbance
c) Bright Band: An enhancenent of radar reflectivity caused by frozen
hydroneteors falling through the 0 deg C | evel and beginning to

nelt.

d) Coud Edge: The visible cloud edge is preferred. If this is not



e)

f)

9)

h)

possi ble, then the 10 dBZ radar reflectivity cloud edge is
accept abl e.

Cloud Layer: A vertically continuous array of clouds, not
necessarily of the same type, whose bases are approximately
at the sane |evel.

Cloud Top: The visible cloud top is preferred. |If this is not
possi bl e, then the 10 dBZ radar reflectivity cloud top is
accept abl e.

Cumul oni mbus O oud: Any convective cloud with any part above the
-20 deg C tenperature |evel

Debris Coud: Any cloud, except an anvil cloud, that has becone
det ached from a parent cunul oni nbus cl oud or thunderstorm or that
results fromthe decay of a parent cunul oni mbus cloud or

t hunder st orm

Subsi di ary Definition: Cumul oni mbus C oud

Electric Field Measurenent at the Surface: The one-mnute
arithmetic average of the vertical electric field (Ez) at the ground
nmeasured by a ground based field mll. The polarity of the electric
field is the same as that of the potential gradient; that is, the
polarity of the field at the ground is the same as the dom nant
char ge over head.
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n)

0)

Note: Electric field contours shall not be used for the electric
field nmeasurenment at the surface.

Flight Path: The planned flight path including its uncertainties
("error bounds").

Moderate Precipitation: A precipitation rate of 0.1 inches/hr or a
radar reflectivity factor of 30 dBZ

Nontransparent: Qpposite of Transparent. Sky cover through which
forns are blurred, indistinct, or obscured is nontransparent.

Not e: Nontransparency nust be assessed for launch tinme. Sky cover
t hrough which forns are seen distinctly ONLY t hrough breaks
in the cloud cover is considered nontransparent. Couds with
a radar reflectivity of 10 dBZ or greater are al so considered
nont r anspar ent .

Subsidiary Definition: Transparent

Optically Thin: Having a vertical optical thickness of unity or
| ess at visible wavel engt hs.

Precipitation: Detectable rain, snow, sleet, etc., at the ground,
or virga, or a radar reflectivity greater than 18 dBZ.

Transparent: Synonynmous with optically thin. Sky cover is



transparent if higher clouds, blue sky, stars, the disk of the sun
etc., can be distinctly seen frombelow, or if the sun casts

di stinct shadows of objects on the ground, or if terrain, buildings,
l[ights on the ground, etc., can be distinctly seen from above.

Note: Visible transparency is required. Transparency nust be
assessed for launch tinme. Sky cover through which forns are
seen distinctly ONLY through breaks in the cloud cover is
consi dered NONt ransparent.

Subsi diary Definitions: Nontransparent, Optically Thin
p) Thunderstorm Any convective cloud that produces |ightning.

g) Weat her Disturbance: A weather system where dynam cal processes
destabilize the air on a scale larger than the individual clouds or
cells. Exanples of disturbances are fronts, troughs and squal
lines.

ry Wthin: Used as a function word to specify a margin in al
directions (horizontal, vertical, and slant separation) between the
cloud edge or top and the flight path. For exanple, "WTH N 10 NM
of a thunderstorm cloud" means that there nust be a 10 NM nargin
bet ween every part of a thunderstormcloud and the flight path.

Subsidiary Definitions: C oud Edge, Coud Top, Flight Path
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