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MODERNIZATION OF WEATHER SUPPORT TO THE SPACE TRANSPORTATION SYSTEM

DT

ELECTE

LN : Billie F. Boyd. John E. Erickson

iranLpertatica System, commenly referred te as
the Space Shuttle. In addition to the crucial
weather supnort provided for launch and landings
we 1lso have forecasting responsibilities for
Cape flow cperations. These operatlons begin
with the arvival of the payload(s), which go to
the varjous processing facilitles where they are
proepared for Elight and eventually end up on the
taunch pad ready for mission. For the first
nine Shattle launches, the processing time
varfed t1o- 668 dava for the first launch to as

tew 4 4 days for the eighth, Needless to say,
thete wa o lot of contingency time during the
Pirat aew shuttle launches so any weather
delavs could be abscerbed.  [n the future, how-

ever, the goal is to reduce the processing time
ta 14 days between missjons. * two week turn-
around does not provide comtl.gency time for
weather. Any future delays in Cape flow oper-
atlions caused by weather will have a resultant
delay (n the launch which could result {n thou-
sands, 1f not milliona of dollars in excess
costs. With this fuwind, NASA and the USAF, at
the local level, formed a joint Meteorological
Systems Moderanizatton Program (MSMP). This
yroup is co-chaired by Directorate of Space
sStation and Advanced Projects, Technology Pro-
jects Ofiice (PT-1P0) of Kennedy Spare Center
(NASA) and Detachment il (ESMC/WE) of Patrick
Alr Force Base (USAF). The purpose of this
group 1s to upgrade the inplace forecast tech~
nology tn ensuyre the cvhallenges of Shuttle
weather support can be met.

2. .EFOGRAPHIC SFFECTS ON WEATHER

Foremost of the geographic effects on the area
{s the Atlantic Ocean and the associated land/
sea brev:c. The sea breeze occurs vear round
but 18 most common in the spring, summer and
carly fall., Florida's interfor temprratures
genetally are 10-15 degrees higher than the
anrf temperature before the sea hreeze begine
Juring mld-morning. Tt normally lasts until
around 3 hours after sunset. Speed of the sea
breeze ls generally 7-A knots with gusts to
12-13 knots, With the Banana and Indian Rivers

. MARS ©88
~ and Thomas M. Myers s
W~
il \‘ -
e Office of the Staff Meteorologist
.-__‘;- Eastern Space and Missile Center B
SENA RISV Patrick AFB, Florida
o 1. INTRODUCTION ' ¢ 8o close, & land breeze i3 not so discernible.
S} Wheh a land breeze occurs, it is generslly from
- Probably the most difficult, and certainly the the southwest to northwest at less than 5 knots,
= most visible mission of Detachment 11, 2d The sea breese cEeates an ares of comvergence
AN Weather Squadron of the United States Alr Force's _refhrred to as Gle sea breezs front. The aca
v Alr Weather Service is support to the Space breese frent 14 the ares of most frequent con-

vective activity da the Cape srea. The front
genarally pepetrates 23-30 miles inland. Thun-
derstorme and teinshowers are common, but gener-
ally dissipate before the nea brecze retveats Lo
the Indisn River. The area borders on the
highest frequency of thunderstorms in the infied
States, and in the summer months appro.aches as
high a frequency as anywherc in the woedld.
Central Florida has over 100 thunderstorn, dave.
per vear, with approximatcly 607 of those o -
curring in threc momths, thus the chance of o
thunderstorm on any given summer day s ajpu-exd
mately 50X, Steering level winds (8000- 17000
fev.) with s westerly comp: t will fnvarfably
bring these showers across KSC/CCAFS. When tiore
is a strong discernible land breeze of over I
knots, nocturnal thunderstorms a~d rafushowers
will occur 30-55 miles out in the Atlantic Ucoan,
An essterly component stecring level wind will
bring these showers into the Cape area. 1lhe most
frequent time of occurrence of these nocturnal
showers is just before sunrise. Ample mofstirce
in the area also can produce troublesome { v .and
stratur, especially from late fall through cariv
npring. A slight upslope In the S§t. John's Livey
valley is a frequent formation area for for aand
stratus formation. However, most of this for i
stratus remein in the valley area unless grodi
ent level winds (500 feet) arce {rom a southwest
to west-northwest direction at over 15 knots.

Sea fog and stratus are rare in the arca. Thuoue
oceur in the spring when the Gulf Stream mcandetrs
further westward then normal and there is a wub-
nequent {ntrusion by the colder Littoral Current
of f Cape Canaveral. Generally, two or more days
of persistent northwesterly f{low preccdes sca
fog occurrences. Sea fog forms in the cddy arcas
between the two currents, and the onset of a
northeasterly component sea breeze wil) move this
fog ‘and stratus. {nland.

3. CAPE OPERATIONS

The Shuttle Landing Facilfty (SLF) is locared o
miles northwest of pad 39A and is orientatcd

330-150 degrees. The SLF is 15,000 feet l.ng aud
100 feet wide with a 1,000 foot overrun on cither
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end. The Shuttle Landing Facility 1s used only
for landings of the orbiter and for practice
landings and take-offs by the astronauts. All
other landings in the area, for example by C5
cargo aircraft are done at the Cape Canaveral
Air Force Station on what 1s called the Skid
Strip. Payloads brought in by C5's are unloaded
and convoyed back to the various processing
facilities at KSC. When a payload is returned
from outer space aboard the orbiter, the vehicle
is towed back along the tow road to one of the
Orbiter Processing Facilities (OPFs). 1In the
OPF the payloads are rewmoved, the payload bay

is reconfigured for the next mission, broken
tiles are repaired, brakes dre fixed, etc. Once
the orbiter is ready, it is towed to the Vehicle
Assembly Bullding (VAB) where it is put in an

,upright position and stacked oh top of the

Mobile Launch Platform where it is mated with
the Solid Rocket Boosters (SRBs) and the Exter-
nal Tank (ET). Omce this process is complete
the entire Mobile Launch Platform is transported
along the crawlerway 4.1 miles to Launch Complex
39A, typically a 6 to 8 hour trip during which

" the vehicle is vulnerable to weather. The

Mebile Launch Platform, along with the vehicle,
is left on the pad after the crawler pulls out
from underneath it. The vehicle i{s launched
from the Mobile Launch Platform.

4. WEATHER CONSTRAINTS

When the vehicle fs on the pad it can withstand
steady-state winda up to 49 knots from any di-
rection. Belng in a hurricane arca, NASA needs
48 hours notice of any hurricane or tropical
storm cxpected to arrive in our area in order
to alluw time to get the vehicle back to the
VAB. For launch, surface winds can't exceed

23 knots steady state or gusts to 34 knots
(23¢34) from any direction unless the winda arc
within a 60° arc centered on south. Tn that
case, it can only take 15G24 knots. The reason
for this difference is that when the vehicle is
launched it has a tendency to drift northward
towards the fixed service structure. If the
winds arc southerly in excess of 15G24 knots,
the vehicle may drift too far north and possi-
bly hit the fixed service structure. As far as
landings are concerned, (Return to Launch Site
(RTLS), Abort Once Around (ADA), and End of
Mission (EOM)) the maximum gusts can be no
greater than 25 knots head wind, 10 knots crose-
wind, or 10 knots tail wind. The 25 knot head
wind and the 10 knot tail wind usually are no
problem. Crosswinds, however, continue to be a
problem. We also have ceiling/visibility econ-
straints for RTLS, AOA, EOM; the cloud coverage
cannot he greater than 5/10 and the visibility
cannot be less than 7 miles. The landing pro-
cess 18 still a manual operation requiring the
pilot to puide the orbiter in; hence, the pilot
must be able to sce the runway. Temperatures
cannot be greater than 99° or less than 31°,
Greater than 99° is no problem because the
maximim temperature ever recorded at the SLF

13 only 98°. Temperatures less than 31°F,
however, can be a problem. During liquid oxy-
gen (1L0X) loading of the external tank the cold
temperatures have a tendency to enhance ice
butldup on the outside of the external tank,
This fce buildup could then come loose during

4

" nautical miles

launch and would damage the thermal protection
system tiles on the orbiter. In January 85, the
launch of mission 51-C was delayed due to the
occurrence of below freezing temperatures, For
sinilar reasons, precipitation caanot be occur-
ring at KSC or forecast for any of the return to
launch sites, or end of mission locatfons nor for
the period of ET loading through launch. In
addition to these weather constraints, we also
have severe weather constraints. Lauanch is not
allowed whan thunderstorms are within 5 miles or
if the trajectory would be within 3 siles of an
anvil cloud. Flight is also restricted through
clouds with tops above -20°C. These constraints
ate due to the concern with induced lightning
strikes. This actually occurred during the

" .launch of Apollc 12 and, although it didn't

affect the vehicle, NASA ie very concetned with
the effect a lightding strike would have on the
highly computerized Orbiter. This concern was

. 1llustrated during the August launch of STS-8.
.Two hours prior to the launch, the Launch Di-

rector was ready to stop the count and delay for
24-hours because of thunderstorms. However,
based upon the radar and the satellite picturcs,
we recommended he continue the count bhecause we
felt the system would move through and allow him
to lauach. Based on our forecast, he continucd
the count and NASA wag able tou successfully
launch STS-8 with only a 17 minute delay due to
weather. As mentioned before, thunderstorms and
the sseociated lightning are a significant con-
cern to KSC and CCAFS because we are in one of
the highest areas of thunderstorm activity in
the United States. The constraints for landing
are the same as thosg for launch with the addf-
tion of no light to moderate turbulence.
Although the crew can no longer eject, we still
have "recovery area" constraints for the recov:
ery of the SRBs.

TARLE 1

PROBABILITY OF NO-GO FOR NORMAL END OF MISSION
FOR ANY ONE OF THE FIVE LISTED CONSTRAINTS

HR HR iR HR
LOCAL TIME 03 09 15 21
MAR 46 57 65 44
JUN 30 47 75 39
SEP 37 51 75 47
DEC 45 49 49 40
Constraints:

1. Thunderstorma
2. Precipitation

3. Cetling € 20,000 feet or visibility < 8 /

4. Peak head wind > 25 kts ;

S, Peak crosswind > 10 kts ML
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It's important that we be able to visually see
the SRBs, thus the visibility cannot be less
thao 15 nautical miles and the cloud cover can
not be greater than 3/10's 1n the SRS reentry
section. Alsp, in the splash-down ares, seas
cannot be greater than 8 feat. A probsbility
of no-go for weather constrsints for normel end
of mission landing is contained in Table 1 as
extracted from the referenced NASA report.

5. IMPROVEMENT EFFORTS

It should now be apparent why we are undertaking
this Meteorological System Modernization Pro-
gram. The reasons are twofold: (1) because

of the increased mission frequency and (2) be-
cause of increasing landing opportunities at KSC
in the future. The mission frequency will in-
crease from 3 in 1983 to as many as 24 launches
per year in 1987. The net effect is that the
time between launches will decrease from about
4l months to as little as two weeks. This means
the extraordinary effort on the part of the
forecasters in the past must become ordinary ;i

Tl a4 Te & W 4 4 ¢ W Te W
.

5.2 Lightning Detection System

The sscond prong in our modernization effort was
to upgrade our Lightning Location and Protection
System (LLP). The objective is to improve accu-
racy of detection and location accuracy of cloud-
to-ground lightuning. We really have two systems:
the initial system which was purchased in 1981
and an upgrade to this system. The original sys-
tem consiste of three wedium gain direction find-
ers (DF's) located at Melbourne, morth KC, and
Orlando. This gives the system & base liue of 37
to 43 miles. When a cloud-to-ground lightning
strike occurs, the direction finders sense the
azimuth of the electromagnetic wave associated
with the etrike and send the information back to
s position analyzer which triangulates the posi-
tion of the lightning strike. A DF consists of

a pair of magnetic loop antennas and two flat
electric field antennas. The system upgrade add-
ed a low gain subsystem embedded within the medi-
um gain eystem. One low gain DF is lucated at

, Titusville-Cocea Afrport and the other sharcs the
‘axidting wedium g4in location at north ¥SC, pro-

effort in the future. 1t also means thet cribfec ¥ . Jduding d baseline parpendicular to the Titan

cal weather decisfons, such a8 orcurred during
STS-8, will occur mors frequently. Secondly,
there asre the increased KSC landings. To illu-
strate the impact this has on weather forecast-
ing, let's go through a landing scenario. The
forecasting process actually starts about 24
hours prior to landing, at which time important
deciaions are being made. For example, do we
deplev a convey to Edwards, when do we start
expending gassee, etc.? The forecast 18 con-
tinually up-dated and at the chree hour point
the decision as to where to land is made. The
forecast ls then up-dated again at the 90-minute
pofnt--the deci{sion as to when to land is made,
Somewhere near the 60-minute point, just after
the last revolution passes over the United
States, the final landing decision is made and
the reentry rockets are fired. Once the reentry
rockets are fired the Shuttle is committed to
landing. While landing, it's essentfally a 99
ton glider with no go around capabilities in thr
case of a miscalculation or unforecast gevere
weather. How to fimprove forecasts was not so
vhvious. We have undertaken a four pronged ap-
proach as follows:

5.1 Weather Towers

We had l6 permanent weather instrumented towers
lacated throughout the CCAFS and KSC, These
varv {n height firom 5% feet up to 500 feert. We
had thirteen 54 faot towers, two 200 foot ‘ow-
crg, md one 500 toct tower. To this system we
have wlded nine temporarv towers which extend
the svitem westward, These tempararv towers
will give us better resolutlion of the low level
flow and hopefully tmprove our forecast capa-
billtses for thunderatorms which develop lo-
cally. The output from ther: towers s {n both
tabular and praphic diaplay. The data are also
Iiput (nte our diffusion prediction model.
Glven the Jocation of a toxd: spill, the con-
rentratfon, and the spti{l rate. the model cal-
rulate s the direction of the diffumtcn, the
apan of the angle In which it wil! spread, and
the Jdlstance down range the ;prllutants will cra~
vel.

Launch Complex 40. The upgrade gives us a4 videco
display output that allows onc to see where the
lightning strikes are occurring un a near real-
time basis. The low-gain upgrade is beliny driven
by four Titan requirements. First, they wanted
better position accuracy; with the low gain eva-
tem the detection accuracy of a lightning «trike
should be within 200 meters. Second, positi-
stroke detection was also required fn the up:
grade. In Florida about Y91 of the ifuhtnin,
strokes are negatfe strokes which lower necativ
charges to the ground. The remafning 12 are jo--
itive strokes which lower positive charges to the
ground. These posfitive ' trokes are much more
powerful 80 our Titan customers also wanted t!.-
capability to detect them. Third, they want.d
the LLP system tied to the Ranpe timing system,
Fourth, was the capability to record the output
from the LLP system. Another lightning svstem vn
KSC/CCAFS is called the Launch Pad Lightniog and
Warning System (LPLWS). The LPLWS conifsts ot 4%
electric fleld mills on CCAFS and KSC. These
field miltls mense the static field at the groud
level associated with a bufld-up ot electri.
charge within the cloud. The {nformation 1s sent
to the Range central computer complex wheto it's
processed and dieplayed on a terminal 1o grapht.
and tabular form.

5.3 Radar

The third prong in our modernfzatton effor: oo
to procure 8 new weather radar. The ob ectf
here s to replace the aging FPS-77 radar, wit?
it'a 60's design and 30's architecture, witlh o
new WSR-74C radar. Ar unusual featute o thi.
system is that the radar dom {5 located .0 om0 .
to the south on top of butlding 423 at Patry &
AFS vhile operational control is located 10 !
Cape Canaveral Forecant Facility. The reasc e
have remoted the system ts the KF1 conatrain: s
the Cape associated with processing of =at.
rayloads. Technically, the Y% has the an ' (71
ty to detect rainfall at the rate f 00 1.
per hour. The reason we necd this cagat fitt
detect very light precipftation ie heo ome o
errosive effect that even light precijita s
on the Shutile tiles when the vehicle t- ¢
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in to land at Mach 1.

5.4 Analysis and Display System

The fourth proag in our modernization effort was
to develop a weather analysis and display systea.
The Cape Canaveral Forecast Facility currenmtly
contains over 12 independent syatems. The impor-
tant point is thet all of these systems are in-
dependent; before a forecaster can make a fore-
cast, he/she must physically move around the room
to analyze, interpret and integrate the data and
then correlate the data to make a forecast.
Needless to say, this (8 both time consuming and
labor intensive. What we want to do with our
weather analvze and display system i take all of
these independent data sets and merge them into
one central location where we can display them

.for the forecasters. We expect to accomplish

this with our Meteorological Interactive Data
Display System (MIDDS). The MIDDS is based on
McIDAS architecture where the acronym McIDAS
stande for Man-computer Interactive Data Access
System. It's a computer aided weather display
svitem developed by the Space Science and Engi-
neering Center (SSEC) at the Unlverslty of Wis-
consin. One of the reasons that we went with
SSEC is the 15 years experience they have in de-
veloping this weather display system. More im-
portantly, hewever, are the three vears of ex-
prrience they obtafned by putting in the Centra-
tized Storm Informat{on System (CSIS) at the

Nat lonal Severe Storm Forecast Center {in Kansas
City. CSIS Is a user friendly system that wau
develnped for the operational forecaster. Anoth-
er benefit of SSEC's McIDAS based system {s the
fact that MIDDS will give us a state-of-the-art
svatem as early as within two years. Addition~
aly, it wiil expand our communications capabili-
ties, not onlv locally hut alsu to the decisfon
makers at Johnson Space Center (JSC); it will
provide additional data, especially with the im-
proved r. dar data capabilitles lacorporated and
near real-time satellite data; it will improve
our short range forecasting capabilities; and
probably as important as all of the above, 1t
provides a strong technology foundation so that
as forecast models become avallable we'll be able
to Incorporate them into our eystem. Aleo, MIDDS
klves us off-the-shelf technology so there's very
little {n-house development effort to make the
guatem work, MIDDS eystem configuration is shown
tn flpure 1,

&. FUTURE PLANS

The MIDDS 1s drsigned with a "Bottom Up" philos-
sphy.  This design allows easy modification of

the svatem for tatloring to lecally unique sets,
local ires weather peculiarities and mission re-
quirements. In this regard, the MSMP group host-
1 a wor-shop of government and unlversity people
last tail to nasfst in prepavaticn of a5 year

atn ta most fally utillize projects underway and
I ' what {s .urrently available as “off-the-
do 7 weorher tect tolo gy, This plan {3 expected
©.he . mpleted this summer. Aa of the writing

thte artd. le, KSC 48 procesiing hide for a
rropogal for CWeather Forecasting bxpert Svstems
cvaluat ton and Feasibglity”. The stated final
biertive f the Weather Forecaating Expert Sve-
tem project is "---to capture the mesos.ale/now-
asting expertise and to have it resident in a

set of expert system software, thus providing a
real-time aid to nev as well as experienced forc-
casters when under normsl as well as stressed
conditions. The project will also provide asys-
tew for training nev weather forecasters in fore-
casting techniques for the endemic climatolos{-
‘cal conditiona at the Kennedy Space Center. The
existing forecasting expertide will be captured
by incorporating the knowledge of the weather
forecasting domain experts into ap expert system
sct of software."

7. SUMMARY

The problem that we have is with weather support
shortfalls for Shuttle operations, in particulan
the landings, because of the spacial and temporal
accuracies required. The resolution to this pro-

‘blem has been a joint NASA/Air Force acquisition

program with which we expect to minfwize the im-
pacts of weather delays on all facets of Shuttle
operations.
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