: Approved for Release: 2018/12/21 C05102030

- g
e : oY e
o e, - - R o .

ERRE
ek i T
o

gy,

- : R el IE-ZIH Hall

oy oom 1

i — :
: Approved for Release: 2018/12/21 C05102030




Approved for Release: 2018/12/21 C05102030

A HISTORY OF
THE MILITARY POLAR ORBITING
METEOROLOGICAL SATELLITE PROGRAM

o

R. Cargill HHall

September 2001

OFFICFE OF THF HISTORIAN
NATIONAL RECONNAISSANCE OFFICE

Approved for Release: 2018/12/21 C05102030



Approved for Release: 2018/12/21 C05102030

- CONTENTS

Scetion : Page
PICTACE Lo e e e e e a e e e e v
A Temporary N‘Ictcnmlc.;gical SateHite Programy ... U USROSV P U UO U PSSO L2
Toward a Permanent Program: From Strategic to " Tactical Applications ..., 12
Fame-Tuming the DIV S P ettt et ertas et etaeree e St
A Change in Time and CIFCHIMSTANCS v e et FOOUOTUNUNOO 29

ACKNOWICHEZIMUIIS L e SRR 1 1

References ... B PR et TROTTUPRURPOI SOV STU SRR URPR 46
- ILLUSTRATIONS

Figure . _ ' ‘ Payge

1. TIROS Experimental Weather Satellite, 1960 .o

2 Lt. Col. Thomas O, Tlaig. First DMST Program Director......n0l3
3 First DMSP Launch, 23 May 1962.................. JE PP .8
3. | Joseph V. Charyk. Under Seeretary of the Al Faree. e 6
s Adr Foree Surplus Antenna Mount

with 40 (1. Diameter Reflector Adapted for DMSP. o, OTUUTTOTOORITOI
6. © Night Launch of the T'hied DMSP, 19 Tebruary T
Night Launch of Tirst Thor-Burner 1. 1K January 1903,
hy TIROS Operational System (TOS). ... et SUTTTOR T
i, Program 417 (DMSP) Military Members at Dining-] ﬁ, Tate 1964,
10, DMSP Block 4 Satellite.oooovnn, et e et e
1. Col. John L. “Jack™ Kulpa, DMSP Program Dhirector 1903-1968 ..o

12, Maj. Jarnucs R. Blankenship and
Maj. Melvin F, *Nick™ Chubb, Jr.at Block 5 Design Review

130 DMSP BIock SA SAtellie oo e oo
14, DOMSE BIOCK S1 SAEUIE oo e sernssooseessren s

i

Approved for Release: 2018/12/21 C05102030

7

.8

10
11

I3

19

.20

21



Approved for Release: 2018/12/21 C05102030

15, DMSP Bloek 3D-1 Satellite oo, e e e 24
16, DMSP Nightume Image of the Aurora Borealis .. e e D
7. DMSP BLOCK SD-2 SAIIC o oo 28
| 8. IMST Image of the Western United States and Mexico.. e |
19, DMSP Image of the Red Sea e 3
20, DMSP Block SD-3 SAtRliC vvvvvvvovevvese e srssessses oo e 33

Approved for Release: 2018/12/21 C05102030



Approved for Release: 2018/12/21 C05102030

Preface

In 1961 atthe height Ul'.ﬂ’li‘, Cold War. a dircetor of (he National Reconnaissance Offiee
{NRO) authorized the construction and launch of a small metcorological satellite 0 support
CORONA and other film-timited imaging sawellite systems. Though undertaken as an “interim™
measure while awaiting compiction and launch of a national weather satellite, in the montbs that
lollowed the NR{) spacccraft would inc‘ur;.\o.ratc so many desirable features and  perform &0

y .
admirably that i1 became the wemplate adopred for all Amencan civil and military low altitude
metcorological sarellites. 1 researched and wrote the first installment of this history, which covered
these uctions and cvents, using available classdicd records while assimmed wmporanly o \U’(O
headquarters in the nid 19805, Afier returming o the NREO as s histoian in the Jate 19905, and
upon declassifeanion of the ongimal work und endnotes in February 2000, 1 shared it with the early
program  participants  and cumfjlmed the story through the nim ol the Millennium and the
consobdaben of Amencan oalitiary and civil micteorologweal satclhie pmgrauhs Lo o National
Polar-orbiting Operational Lnvironmental Sarellite System (NPOESS).

People act. They make decisions that tngger events. To the extent practical. this brief
lustory wims on the people who shaped the story, particalarly for the carly NRO yvears when the
ellort was Tughly classiled. handled in m‘)mparunmLcﬂ channcls. and liﬁ]c known cven 1o those
who received and used the meteorological products. The people on which I focused in this story, the
successive program directors and their immediate associates, brought 0 the meteorologival satellite
enterprise dillerent lechnical skills and management approaches  all ol them operating ine a
bm‘caucﬁatkc framoework that changed with brganizatioml xealipnments. Over the wears, as the
program maved from the NRO 10 the fégulm‘ Air Foree. and eventually to the Department of
Commetee, they found themseives dealing with more federal regulations, meore ofticials whose
upproval they required before cheices and actions could be made or taken. and much more
Congressional oversight. That they acted 10 identfy and select the best outcome” tor this national
effort 1 think gués without saying, That the choices made oftlen produced oucomes that depanted
markedly from initial cxpecrations is likowise apparent,

| The scope of this work, limited primarily o the program itself. did not permit its

treatment in the larger political and social context. 1 touch on but do not explore and analvze the

I terms of s socinl and coonamiv camileatons. for example. orzhttime images of the Larth Turnished by
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program’s interactions with the major contractors, with officials in other federal agencics such as
the Nutional .-\crhnautics and Space Administration and the | National Occanographic and
Annosphene Adninistranion, or with Congrcssionul representatives and their stafts who, by the mid
19705, largely determined how many and what kinds of meteorological satellites would best serve
the country. A comprehensive history remains to be written, In that effort. 1 hope the historian of
record will find in this work a usctul building block. Not all readers will agree” with my
ihlmpr‘enniun of events. or with my skepticism about the outcome of a cost-effective, combined
military-civil NPOLSS, Noteworthy military attempts o speeify and contract for “one size firs all.”
execpl perhaps [or certain hosiery. mostly have fwled m lerms of meeting diverse performance
requirements on o fixed schedule and at a reduced cost. T would be pleased, however. if the

NPOESS wam overtunis precedent. Any erors ol lact that remain are mine.

R. Cargill Hall
Septembser 2001

defense moicoroiogival sureliiles (sneh s Fig, M in this moaograph, permitied geogruphers and social scienists L
nuske formed estimiuies of population densinies in varions regions, C1, COTL Elvidge, Ko F Baoghe BAL Kihn, amd
FooORo D, “Mapping City §ighis with Nighnime Pata from the DMSP Operational Lincean Sysiem.”
Pingrogrieicied Engisecrme aned Reasese Qi Vol 030 Nao 601897 ppo 7277340 Puul Sutton. Dar Roberts,
Chiris Thadge, omd Hank Mefp, A Comparison of Nightime Salelite hoogery and Popudation Density Rar i
Cortinemta) United States. Photmramnetic Engieering and Remote Seaxing, Vol. 630 No. L1 1997, ppo 1303-
AL amd Paul Sutten. “Modeling Papidition Density. With Nighuime Satellite hinagery and GIS Compeer,
Eervivewamient, wied rdan Svaens, Vol 21 Nod 3030 1097 pp. 227 244,

vi
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Successul operation oF overhead photorecomanssance salellites, the RAND Corporation
had wamed the Air Force in the mid 1950s." depended on accurate and limely meteorological
forecasts of the Sino-Sovier landmass. Such forecasts would make possible cloud-free photography
over areas of mierest. Indeed. pictures of clouds retrieved from a Fhm-Timited spacecradl cost
dearlyv—a fact made blain i 1960-1961 by the imuges.retumed trom early CORONA. missions,
When un imerdepartiental study ol the subjeet ended in April 1961, however, the National
Aeronaurics and Space Admimstrabion, or NASA, recenved the LS. Banchise to establish
Creguirements and dcvclop meteorological satelhies fur both the Departments of Commerce and
Defense in the National Meteorological Satellite Program. This program. its proponents contended,
would avuid duplicated effort and producc at less cost a single National Operational Macorological
Satellite Systemy {NOMSS) o meet all aivil and military forecasting needs, including presumahly
thosc of the Natienal Reconnaissance ngl“:lm (NRP)-

But in the Pentagon in 1961, Under Sceretary of the Air Foree Joseph V. Charvk. who

also headed the Nauonal Reconmassance Office (NRO), remained anconvineced. NOMSS. at best

wo or three years away, also was
supposed 0 support  intcmational
meteorvlogical  data exchunges, un
objective  inconsistent with
contenmporary NRP reguirernents for
secrecy.  Moreover.  the  welevision
camera of NASA's first experimental,
“wheel-mode”™  TIROS  weather
satcllite, spin stabitized to inertial
space and launched the year belore vn
LApril 196(), viewed only an obligue
swath  of e Canh’s  surfaee
occasionally m each orbit mstead ol
once cach nme 1t revolved, Charvk

know that NASA officials did not

‘ Fig. L. TIROS Experimental Weather Satellite, 1960
belicve  a  spin-stabtlized  weather {Note the vidicon lens at bottom left on the satelbite:)

Approved for Release: 2018/12/21 C05102030



Approved for Release: 2018/12/21 C05102030

:

satellite thar would keep its spin anis pemcndiculaf toats arbir plane could be developed soon—and
certaimly not - mexpensively and in Lime Lo [umish  simlegic meteorological lorevasts for
reconnaissance satellitc {light operations m 1962 Ile thersfore acted to create an “interim™
meteorological satellite program for the NRO. In the event. that program also would fashion the
léchnnlngy andl flight operations for what would bocame the pelar orbiting, low altitude national
Cweather satellite em adiministered by the National Oceanic and Atmospheric Adntinisiration

INOAA)
A Temporary Meteorological Satellite Program

Om 2t Junc. L1961, Charyk spoke with Major General Robert 15 Greer. Dircetor of the
Offiec of e Secretary of the Air Foree tor Special Projects (SAFSPY in 131 Seeunde. California, He
asked Giresr o prepare a “minimum”™ pmp_dsal tor four "'Ezmh—rcl'&cncbd" wheelkmode waither
satellites 10 be launched on NASA Scout boosters. Greer responded with just such a plan for a 22-
month program. one that specitied a small fixed budger and a (st Jaunch in wn months. The
Deputy Secretary of Defense approved it and the Director of Delense Research and Fngimeering,
Harold Brown, made available o the NRO the necessary tunding, On 27 July 1961 Greer's deputy.
Colonel Harry Lvans., appointed L. Colonel Thomas Q. Haig the lirst director of the Defense
Meteoralogical Satellie Program BRUN U Haig, a meteorologist and elecirical engineer, accepted
the assyzment on condition that he \\jould sreof have to use the resident “syslems enginecring and
technical direction™ contractar.” could seleet his own small stafl, and could use lixed price, fixed

delivery contracts under his direet control tiroughout the program. Evans added a “kill swich™ of

PRGNS Clehevision Indrired Observation Satellitey had  cmerped from the Alr Farce WS-1171,
recnnnaissance satellice competition bach i 19360 After Lockbeed won the prindary contract, RUA ollicids, whose
praposa had not been selecied, sold thie coneept ol a Lelevision mirared wenther sutcllite w the Army Signal Cops
wl Belmar, New Jersey, which, alomg with the Advaneed Rescarch Prisjects Ageney. funded fuether work, After
NASA began eperatieg o Colober 193X acguined TIROS along with wnwniber of the kev Signal Corps personael.
As e (9605 began, plans called tor eguippmg TTROS with ofrured hottzon sensors that sould detenninge borizon
crossiogs aod woeeer pretuce whing ef the sceoes below,

This proaram, peedless to say, had 4 succession of nemeric and alphabete names. including l rogram H, =33,
UKL 417, und Detemse Syalems Applications Progium {DSAPY. I order weaveid conlisdon the current desiznalion
DMSE i used thravghour this history.

Tu Hang's wicw. ao SC&TD contractor vould only justity 115 existence by wntroducme Cunges. Since
clighees involved tine wnd cost money, SE&TD supperi was imompaible with 1ixed priuu;_ Nxadd dlehivery
contracting. See Thonis €3 Haix, " Technical Dircction™ Ouwunoded Management Coneept?™ in Peespectives e
Dofeane Monareacer, dustrial Collepe o the Armwed Forees: My 1967,

ta
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his-own: if the first launch could not be mct on schedule or if costs appeared certain fu exceed the
fixed budget, he instructed llaig to terminate the program and recover govermment Junds
immediately without further dircction.”

In the months that followed. the DMSP -
cffort operated on NRP funds under the NRO sceurity
blanket. but locuted physically outside the NRO
Special Projects Office i FI Segundo Tor pumnsés ol
cover and case of operations.” Haig divided the work
among those he nitially selected: thiee officers and
Renell LaBan, “a very busy secretary.” lle invested
his own time in programy management. with special
attention paid 10 o contract he negotiated with RCA
for the weather satellite. Captun Stephen Dvorchak.

ined later by Captain Richard Geer, was assigned the

Scout launch vehicle: a small. four-stage, solid
propelant rocket  buill by {.‘.haucc Vought and Fig, 2, I 1. Col. Thamas (. Haig.
procured under NASA dirccton. To megr program First DVISP Program Rirector
performance  reguitements, Dvorchak substituted & high acceleration Lockheed  Propulsion
Company MG-1R solid=propellant mwolor in place of the standard Scout fourth stage Altair motot.
Captain Luin Ricks handled ground suppon, tracking. command, and readout at the Air Furce
groun‘d stations operated b\ the Lockheed Missiles and Space Division (LMSIDN. Fially, Major
Charles Croft oversasw contract managemertt at all the various firms involved, novel contracts that
were “fixed price” instead of the customary “cost plus fixed fee™ The RCA fixed-price. fixed-
delivery contract pr.ovcd sl irchccmbcr 1961 when a major structural 'mcmbcr of the wceather -
satellite, the base plate. failed during tests and company officials requested a three month delday for
redesign. Crofl, after discussion with Haig, advised R’(f.a\ that 1t had wen davs w produce a lix or the

contact would be lerminated wnder procurement regulations ~at no cost 1o the government,” The

-By the end ot 1902 the program otfice st had inereased w lve elicens and v sedreiaries, incliding Fite
Hedl, Three vr four SAU wilicers alse weee assigned ar Lhat time. invalved primarily with the Scout taunch vehicle and
sround suppeit. This small numher grew w aboan 13 malitary and civilians by the mid-1900<, when the progrm
trarderred [rm ihe NRO w Adr Foree Systems Conmmiand.

™
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RCA program manaper appearcd three days later with revised miermal schedules that met the
origimal Launch date. »

Neither the Scout booster nor e RCA saéllite mounted redundam cquipment, and a
failure anywhere in the system meant the loss of a mission. All of those involved regarded the
entarprise as a single purpose. minimum cost. “high-risk™ program. Smaller and lighter than the
ariginal TIROS, the 100-pound  TIROS-derived RCA satellite was shaped like a 10-sided
polyhedron, 23-inches across and- 2 1-inches high. A spinning mouon, introduced on i’njecli.un nito
orbit. was maintained on the carly NRO weather satellites at whoul 12 pm by smal! spin rockews. By
adopting a concept .advanced by Haig and Lt. Ralph Hotfman, however. the xhin ANIN | WS
maintamed pcrpcndicﬁlar to the orbit planc by torguing the satellite against the Larth's magnetic
field. the forces supplied through « dirccl'-currcnl-lm'lp around the satelhe's perimeter. A ground
command would cause the clectric current © flow in the desired direction to pencrate thc torque,
Those fow NASA officials who knew about it viewed the NRO-Air Foree program as a no-risk st
ol a modified four-stage Scout with an “Earnh-relerenced” wheekmode weather saretlite.” |

If it operated correctly, the RCA shutrered television camera (a photosensitive vidicon
1ube) would be pointed direetly al the Earth once cach time the sacllite rotated. At the programmed
interval. when frured hotizon sensors indicated the lens was vertical o the Eanh, the vidicon
would take o pictore ol un ¥00-mile-square dren ol the surfiace below. wath the tndge recorded on
tape as an analog signal for later transmission to the ground. Launched o a sun-synchronous 45
nautical mile circular polar orbil. the RCA television system would provide 100 percent daily
coverage of the Northern Henmtisphere at latitudes above 60 degrees, and 35 percent coverage at the
cquator. Rcadoul ol the tape-recorded pictures was planned © oceur on cach pass aver the western
hesmsphere; at the ground stauons, the video pictures of cloud cover over the Furasian landmass
would be relaved to the Air Weather Serviee's Air Force Global Weather Central collocated with

Headquarters Strategic Air Command at Offutt AFB. near Oinaha. Nebraska,”
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Haig’'s  “hluc  suit™  program
e met its ten-moenth 5(:]1&:¢|_11Iu“.
althouzh. as the high-risk aspecrs of the
elfort suggested: wathowr immediate
suceess.  The  polar-orbiting DMSP
satellites were to be launched from the
West Coast range on Point Arguelly, at
Viandenbery  AFR, located near the
town of Tompoc, Cabifornia. As cvents
ranspired, a standard four-stage Scout
hooster  carrving  an NRO  GRAB
satclhite was st i line. and was
viewed as a systom test by the DMSP
ottice. This vchicle. launched on 2%
Apnl 1962, ended in\a Scoul booster
failure “within sight of those in the

blockhouse. The wemperamental Seout

houster. this tme with an MG-1R

Fig. 3. Firse. DMSP Launch. 23 May 1962

towrth stage. finled agmn dunng launch
of the {irst NRO weather satellite on 23 May when the vehicle sell-destructed towards the end of
second slage ignien. The sccond DMSP launch on 23 Augusl 1962 resulted msuecess, u]ﬂmugh
the Lockheed ground-control team Faled al fiest to rack he weather satelhite. Fich day ar high noon
the vehicle took pictures as it trangited the Soviet Union. Weather pictures of the Caribbean retumed
- by this vehicle (wo months later w Oc¢tober also.proved crucial during the “Cuban .\-'I,issilc Crisis,”
permiting elfecuve aerul recommuaissance missions. and  reducmy the number ol aenal weather-
reconnaissance sorties in the region.” _ |

1. Colonel Huig reported W General Grreer al the NRO Special Projects Olge in EI
Segunduo, but .Imcpﬁ Charyk 100k a patsonal nterest in the allairs of the weather satellite program

initiated to satisfy NRP requirements.” ‘That program now posscssed the fiest ULS. military sawllite

* -~ ! s - - .
The DMSP Program Manager narmally briefed Chands mourhly a1 NRO Headgquarters in the Pentagon,
snd then back-brieted General Greer onhis sewum ressasding any directions e hasd reecived from the INRO. '

A
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- 1o be commanded and operated on orbit on a
daily bists over an extended penod of e,
{The  first  spacecrali nllinm!ély ceased
transtmissions on 23 March 1963.) At the
Pentagon on the moming ol 24 September
19020 Charvk advised Tate that NASA's
plaoned  Nimbux  weather  sutellne. or

CNOMSS, would be delaved, and that he
should plan one additional vcar tor the intetin
NRO) vnlclc}dr«.‘}logical' satelfite program. Hatg,
who had guessed as moch, had nexi 5-car's

budact charts rcadv. Lockheed claimed a

mgjor part ol the otal budgel lor ground-

Fig. 4. Joscph V. Charyk, ©support operations, bul. the Lt Colonel
nder Seeretary of the Air Foree in.:ismd, he could build twe ground stations
and a control center. man them with blue-suiters. and operate the weather satellites in éll’ppoi‘r of the
NRP tor one-eighth the amount bid by the contractor.”

Uneler Secretary of the Air Force dnd NRC \) director Charvk approved the cost-suving
proposal on the spot. Then he picked up the phone aﬁd called Air Force Chicf ot Staff General
Curtis L LeMay and arranged for an appotnunent, That alicenoon at the Peotagon. 1laig c};plaiﬁcd
e the Chiel of Sttt how Air Foree personnel could man and operate two weather satellite grounid
stations and a control center, The general listened ir!,tcnfly .1>nd. when Hing left an hour baer, it was
with a pranuse of all the people | nceded from the Strategic Alr Command [SAC) and, “if anvbody
gets in vour way, call me!™ from LeMay. AL the General’s dircetion, Haig boarded an - aimplane
howund for Omiha and, nexe day at Headquarters SAC, bricfed CINCSAC General Thontas S, Power
arcd his sl SACTS leaders promptly commatied 10 the Pelense Meleorological Satellile Prograin
all the personnel it reguired.™ ‘

During the ensuing weeks, progeam personncl worked at all hours, overy day. They
tound surplus Nike anteaweralt rocket sies in the states of Maine (near Loring AFI3), and
‘Wushingten {ncar Fairchild AFBL procured six lm;-:':C van bodics from Noron AFB in San

Barnadino, located two abandoned antenna mounts on Antigua Island in the Canbbean, and wrote a

f1

x Sz o eemraie e
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fixed-price contract with Radiation

Incorporated tor two 40-toot radar
dishes and associated cleetronic pear,
In between. they helped sereen SAC
military pcrsbnncl “until we had rwao
g;?mups al very good men” o upcr:itc
the racking stations, In July 1963, wn
memths alter zpo-ahead, the program.

alfice  trslereed DMSP o sacelline

ground  racking and readout from
Lockheed 1o its own stations in Maine
and  Washington,  About the same
time, a command and contrid center
tor the DMSP manncd by SAC
personnel began operating onc floor
below A Foge ('ilnha_]v Weather

Central in Building D, the old Mamn

bomber - plant. l‘,"w"“ doot w0 SAC Fig. 3. Air Force Surplos Antenga Mount
lcadquarters i O ffm.‘t AFR, with 40 fr. Diameter Reflector Adapred for DMSP
Nebraska, ! ‘

The ﬁrﬁL DMSP weather satellite to be controlled at the ground stations manned by Adr
Furce perscnmel was {light number three launched on 19 February 19630 Ac Vandenberg AFB,
another Ajr Force team. the Systems Command 65950 Aerospace Test Wing, condudted launch
operations. In this instance. the Scout hooster upper stages again malfunctioned and placed the
satellite in an orbit unsuited o strategic weather reconnaissanee operations for more tan a Jew
months at best. In late April. the satcllite’s primary tape-recorder control circuit failed and with it the
storage of primary data tor fater commanded transmission, although direer vidicon readout

M f
contmued for a few weeks more. A new experinent, however, continued 1o funetion meely Tor

A lew viurs luter. vl the Thor booster replaced Scout g the DMSP Launch velele, luunch dutics
ransterred from the 63955 ATW 10 SACs 4300 Supporl Squadron, svhich had expericnee with Thor rockat
launches: "It was a source of great pride to SACT Richard Geer recalled. but rhe rranster proved “galling 1o some in
the H39377 Maorcover. mtiee reasoning held, *SAL wonld ot oleraie Tauneh fiilires.”
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many wonths: an infrared radiomerer that registered the Carth's background radiation and indicated
the extent of nighttime clood cover.” At Global Weather Central. the 3d Weather Wing used
cotnputer programs writien by Air Weather Service personned o prodace crude operational maps of
the clowd cover at night over the regions observed untl January 1964, Indeed. the intiarcd
cxperiment proved so successful that 1t was mounted on all DMSP satellites through Block 4.
eventually also providing measurements of cloud height and the Larth's hear balanee, ' |
~The  fourth and  fifth
DMSP launches on 1(} April aud 27
~ Seplember 1963 resulted once again
in Scout booster failures, The gap in
wedlher reconnaissance that began
in May JU63 would continue unul
January 1964, And, despite appeals
for changes i design and testing
“that the program office requested to:
improve reliabilitv. NASA officials

who procured Scour vehicles for the

NRP refused o make thern. Afier

" Fig. 6. Night Launch of the Third DMSE, 19 Fchruary 1963

consideriy other booster prospects.
on 23 October 1962 Colonet Hare. with the approval of Joseph Charvk's successor, Air Foree
Undersecretary Brockway MeMillan, cancelled the Jast two Scout vehicles on the original LIV
contract and all six of them on a Tollow-on order. He followed-hat action by enmnating completely
all NASA Scoutsrelated activities on 25 October.”” Five launches in two vears had vielded three
Seout buoster tuilures and increasing NASA intransigence. In the National Reconnaissance
Prograni. the space agency and 1ts errane Sceut booster had struck out.

Since the fourth Scour launch, Haig and Richard Geer actively had sought a replacement
booster that would provide improved reliability and at least equivalent weight-lifting capacity. They

hitew that a number of hquid-propellanm SM-73 Thor intennediate-range ballistic missiles, returmed
e

Trvid $ Johnsan. at that rime manager of the TIROS weather satellie program in the Waather Bureio amd
one of e few persons there cleared 1o kno about DMSP, referred varieus experimems ta the NRO-Air Foree
proagram ingluding 2 noved e congerved by Vernor Suomi ar the University of Wisconsin that weighed aboul six
caciees, Inchnding & tiny wire recorder. and peoducad course but aseful data o the radiated beat o cloud cover. Jron

- - - S -— e o re [ S d e e
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a tew months betore from Logland-as part of the LS. concession inthe Cnban Missile Crisis, were
stored in San Bemadine, They alse were acquainted with an T'W-4S sohid-propellant rocket motor
praduced by the Unued Technology Corporarien. This rocket was ¢ast in the same m.:mfn* Casing as
the Scout fourth stage. and. mounted on the Scout spin table. would comprise the second stage of
what would become konown as the “Burner I launch \’chiclc. For this launch vehicle, Douglas
Adreruil replaced the IRBM inerbal guidance system with a Bell Telephone L.aburalmfy puedance
package and added a cold gas coast attitude control scetion on top of the Thor o keep the axis of the
FW-4s injection stage properly aligned." Approved by the NRO director MeMillan in December
1963, and I:\\ CINCSAC Grenery) Thnmajs S, Poser ( Sx.\‘(f.' pcf%nnm:l would now laanch the new
vchicle and control the weather satellite on orbit) in January 1964, DMSP porsonncl set 1o work
orderng and testing the Bumer [eomponents. A few months later, m March, the Progran Ollice
received approval to plan for.a new sceond stage, to be called “Rurner (1, for a Thor-based launch
vehicle, Late in the year, a source sclection board chase Bocing to prodnee the all-new sclf-guided
solid-propellant upper stage. The more powerful Thor'Burner 1 combination, which cventually
employed an additional solid-propellant third stage 1 inercase the weighi-l lling capacily, continued
o be used in the program until the garly 1980s, I

. Belore any “Thor/Bumctr™ mission could be mounted, and 10 close gaps in stralegiv
weather coverage of the Lurasian landmass atter the final Scout launch tailure of 27 September
1463, Brockway McMillan also bad approved acquisition of two Thor-Agena launch vehicles as
imtenm replacements, Hing's program oltice pressed them wwo serviee. The hgud-propellunt Thor-
.--"L*;_I_Cll'.-i bovster combimation, also wsed o faunch the CORONA [l recovery satellites. was larger
aud more expensive than needed for DMSE. but it could carry two of the RCA weather satellites
into orbit simultancously. On 19 January and 17 June 1964 Thor-Agenas did just that. successiully
placinyg a towl of four DMSP satellites into orbit. In the months that followed. members of the
National R.ccmnmissancc- Program and SAC had all the meteorological data that they wanted.” A
Burner Loancanwhile. ascended properly i its fiest launch on [N Jannary 1963, bul tailed w0 place its
Csatellite inorbit whien the nose Taring refused o separate. Nonetheless, the DMSP Thor/Bumer

combinations in succeeding months and years achieved an enviable &6 percent launch success

which the heat bihmee ol this Farth could be determioed.

"With the latitude tis presanied. in Deemnber 1964 Hutg requested SAC operatims persomnel o (rognim
DMSE picnere-taking on passes over Antarctica and have the Alr Weather Service send the pictures 1o 1l Progian
Gilice. Cal und pieaed togethier: the oflice prioduced o vomplete map ol the Antarctic Contiment that was
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recond belure the Atlas booster succeeded it o the 19808

AT first extended  from vear o year awaiting the amival of NASA'S NOMSS, by mid-
1965 the NRO's “mtenm”™ weather satellite cffort looked and acted like a formal military space
program. As ity prinary mission, DMSP formished the NRP daily strategic (morning coverage,
primarily, dunng the first fow vears) meso-seale observations of cloud distribution and organization
over the Lorasian landmass. Beginning in 1963 two DMSP polar orbiting. sun-synchronous weather
satellites  would  normally l |
function in circular orhits al
3530 nauncal  nmales  altitade.
One. o moming bird.  passed
over the Sovict Lnion about
0700 local time and relaved
weathor  conditions  at st
light. A second. latg morning
{hut called 9 “moon™) bird
bepan the same track  abowt
LLOO Jocal ume. showing the

change 1w cloud cover with the

HICICase in atmospheric

Fig. 7. Night Launch of First Thor-Buraer |, 18 January 1965

heating dunng the day.

Reflecting on the accomplishment many vears later. llaig counted four carly DMSP.

contribinions o astronautics. First. the novel management scheme made possible o small program
office that exercised technical direction without the “assistance”™ of o systems engineering
contractor. and its mermbers could get i decision at the NRO aned act quickly. The ofliee used lixed-
price, lixed dehivery contracts, all blue-suat upuﬁlhjm&, and achicved an execllent success record at
o gimngal cost less than one half that of equivalent NASA weather satellite development programs,
Second. because the spin axis of the RCA wheelmode satellite was mamtaimed porpendicular to the
orhit plane by clectrically wiguing it agamst the Farth's magnene leld, Hag veasoned that one also

could control and maintain a constant spin rate clectrically. driving i1 like the rotor of a dircet

aubseyuenily presetitind 1o RO it Brockway MoMiblan shio, By all aecomts, ssis ot aken witli
¢
See Tables T through 80 DMSP Launch Reeord.
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current motor, That would elimimate the solid rockets that produced a spin rate thal vaned with time
and made it difticult 1o determing the locanon of Lhe clow! pictares, Wrdten nto RCA's sceond-year
contract for an addivonal tour Block 1 saiellites, the concept warked m space. Third, when the

DMSP ground stations were assembled in 1963, the program elfice elumnated the costly “boresight

tower” used routinely 10 detenmine o racking/readout antenna's pointing vector and a transmitter.

used 10 check the receiving system sensiivity duning operation. Program personnel substituted
mstead a techmique of scanhing the sun to establish the poining veclor with a hermetically scaled
low-gnergy transmitter in the cenler ol the antenna rellector used ©w cheek recciving seositivity, The
DMSP station test ﬁt‘twce(il.ll'es worked jusl.us accurately and at Lar less cost; they became standard
practice for nearly all trackimgireadout svstemns. Finally, DMSP aliered cstablished  Air Foree
wcchnigues o sawcllite racking. Captain Luin Ricks refused to believe that the tracking problem was
as arcane and costly as Lockheed personne] made it appear. Working with SAC personnel. Ricks
prepared a much simpler tracking program’ thereafter used with great success by the DMSP ground
stations and adopted by 1he ground stations of other satellite programs. '
 When in April 1965 Colonel
Thenras (. laig stepped down as the
program dircetor, DMSP had cclipsed
all  other  overhead  meteorological
endeavors, Initial NASA  skepricism
notwithstanding, DMSP had pioncered
the \ space technology s0 well, so
quickly, and so inexpensively (hat il
space agency. prodided firmly by the
Department of Commerce, at that tune
embraced carbon copics ol the DMSP
wheel-mode Block 1 satellite, called the Fig. 8. TIROS .Opcrntioual System (TOS),

g A o e Basced on the DMSP Block 1 Satellite
FROS Oper ‘mo”m. System (103). a3 {Note the vidieon pointing radially to take picrurcs on each

an interim - polar-orbiting  wether revolution of the vehicle,)

+ . . . . - .

A single et of punched paper tapes at eactt ground wacking starion <liminated the requirement ro wansmit an
antenna programiming tape betore each pass. Fvery puss By o DMSP satellite i any orhit hetween 23 and 350 wautienl
miles wltiude could be supporisd b the wpe et @it a maxomum antenng pointing croer of 13 degrees.

1]
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satelhte. And bestdes the stratcgic weather reconnaissance furnished 10 the NRP. the detense
meteornlogical sutellites also had begun o provide wenical weather reconnaissance of pre-selected
regions woa transportable ground station overseas. with significant effects on military operations in

Southeast Asia.'

Toward a Permanent Program;

From Strajegic to Tactical Applications

Stategic weather reconnatssance recorded for the NRP might command the primary
mussion ol the DMSP, byt American military services wanted tactical weather data 1o mect a variety
of operational needs. By 1963 it was plain that NASA's sophisticated, threc-axis stabilized. low
altitude Nimbus-NOMSS sateliite would be extensively delayved and, when finished, likely o
complex and expensive o satisly Delense l)epuﬁmcm and NRP metcorological reguirements
tactical or slrulcgic.* On 23 January 1963 llarold Brown, Dircclor ol Delense Research and
Engineering, requested a reassessiment of welical requirements by the Joint Chiefs of Staft {JCS).
Would the National Meteorological Suellite Program and its planned NOMSS, Brown inquiced.
meet them? The JCS replicd tn the neganive; its leaders urged that the Defense Departmicnt build
and operate a commaanded direct-readout weather satellite able to relay high-quality, day-and-night
tactical meteorologival data Lo ransportable ground and shipboard terminals “ASAP.™

But the pelitical and burcaucratic climate in 1963 did not favor an all-military tacrical
weather satellite system. All ol the military meteoralogical satellite requirements would conrnue to
be (umished 10 NASA and the Department of Comineree for the NOMSS -~ To assess and combing
those reguircments. in éaxrly 1964 the Defense Departiment cstablished in the Air Staff a Joint
Maworological Satellite Program Office (JMSPO), Afier further apitation by the military serviees,

however, the Defense Department and the NRO approved a test ol the delense meteorological

“Ihe Weather Bunvan hud Lawnehed amd wested TIROR §, the first whoel-maode copy of the DMSTL in January
1965, The (st of the TOS huilt e thes staodand, called 188A-1, was bunehed o veor Jater, in February 1900, Ninge of
these civil uwteondogical sarellies were bunehed berveen (966 and 1969 for the pasent ageney ar thas time, the
P ponamenta) Scicies Services adnisiration..

"4 Nimhus first laumeh seleduled in Tinz 1962 had slipped to 19640 i fact, these velucles waould eventually be
directed 1o research purpases. mever 1o Deconie thie NOMSS.

The Bursau of the Budgat msued BOB airculur A-62 o 13 Now Ll]thT (963 Ihat ILd”H’IT\Ltl amd esthlished
pulicy foe Delénse Depuctmaens piricipatism i the National Metgorological Satellite Propram,
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satellite applied to tactical operations in the 1964 Strike Command Goldfire exercise at Lort
Leonard Wood in southwest Missoar. Aar Foree Glohal Weather Concral ac Oflut AFR relayed
weathier I'L‘u)lnutissml@ pictures directly v the Army and Air Force users supporting ground and
paratroop exercises at the tor, and for the deplovment ol Tighter wirerall on @ transatlantic fight.
Later in the year. between 24 and 26 November, Global Weather Central Tomished tactical weather
data over Contral Africato the Miliary Awrlilt Command. which proved crucial in the successful
archti of Belglan paratroopers trom Europe to Stanlevville in the Congo, where hostapes seized in
an uprising wore freed. The weather data ph:wcd W be of considerable value n these tactical
operations, analysis revealed, but improvements were needed. Coverage had to be received daily at
local ground statims before meteorologists could depend on a satellite as a primary source of data,
amd a resolution at the sorface better than the three nautical miles provided by the DMSP Block-1

R - " . aal]!
satellites was judped ~extremely desitabic.™

Fig. 9. Program 417 (DMSP) Military Members at Dining-In, Late 1964
Back Row, Lelt to Right: LL ClitTord B. Stearns, Capt. [.nin B, Ricks, Lt. Col. Thamas Iaig, Lt. Col.
Mebvin Weinstein, Capl. Richard L. Geer. Lt Edward R. Foechterle, 1.t. Ralph Hoifman. Capt. James ¥,
Roberts, Capt. Calvin I Markwoud.
Front Ry, Left to Rizhi: Capt. Melvin F, Chubb, Jr., Capt. C. Neale Elsby, Capt. Harold E. Wakitsch,
Robert Anderson (gaest speaker). Maj. Richiard Turnier, Lt Col. Jim Wayne, Maj. Tom Junes
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In Southcast Asia, meanwhile, Radio .qum_i ceased  broadeasting focal weather
ohservations in Seplember 1964, and Air Weather Service Dotachment 14 in Saigon Taced
frecasting with lmited and unreliable data. When U.S. air strikes against Notth Vietnam
commenced in Febrary 1903, Det-13 personnel tound themselves anable to meet the demand for
weather intonmation .l'mm the 2d A Division and the Studies and Observarion Group ol the
Miliary Assistaoce Command Viemam { MACV). which comducted clandestine operations apainst
North Viewam. L response, the An Foree, with Detense Department and NROY approval, on 18
March 1963 Lumched a neooatime military meeorotogical satellite that could be programmied w
reened and rendout specific weather data m Southeast Asia to support tactical operations in the
theater. I ome of his last official acts in sapport ol that effore. In January 1aig planned and laid ouw
the DMSP ground stavon at Tan Son Nhut Air Basc, Saigon, in South Viemanm. '1he new station
was crected und began operating in time to support the satellite launched in March. It Jurnished o
military uscrs. within 30 minates of receipr, complete cloud-cover data for North Viemam. South
Vietnam. and parts of Laos. China, and the Gull of Tonkin ™

All three miliary services and MACY put to immediae use the DMSP tactical
meteorological data retrieved by Dc‘g-M.* [ the spring ol 1965 commanders could scub. delay, or
recall actial sortics. or divert them to secondary targets based on hard wealher wlomuation: The
Naval Advisory Group and the MACY Studies and Observation Group used DMSP-generated
torecasts to schodule the opetatton of therr fleets of small boats that operated along the couast ul the
Indo-Chima Sea and the Gulf of Tonkin. Belore Tony, mobile, air-transportable DMSP ground
terminals were instalied at Udora AB, Thailand. and Osan AB. South Korea. Another fixed site.
like the mriginal one at Tan Son Nhai. appeared ot Fhekan AR, llﬁwaii. Finally, onn 20 May 1963
at Vandenberg AFB, SAC personnel Eaunched a special defense meteorologieal satellite reserved
exclisively for tactical metcorological applhicanons. Weather data from this satelline so improved the

timehmess aud securacy of forecasts in Southeast Asia that the military services, in October 1965,

"Ll TOS ol metcorolegica] satellites could aot be programmed Ky observe and vecord specilic areas in
sowtheast Asia for luter readout. They did carme Automatic Picture Transmission (AP L) equipmuent thal wllowed
anyane with recereing cquipnent o aegquire television and infiared inages of the Farth as they were being taken,
But APT did mot provide pictures Gnher noeth tuon ibs Tuse of sight, IYMSP sarellites, however, aparated in chree
mless direet readout, like APT: programimied picune aking of sclected regions, with the sequenve stored in a ape
recordar for readoat by loea! gronnd station; and preprogrammued picture takig vyver the Eurasia fanl mass, Thus.
L3et-14 personed did notl use TOS.
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cancelled all daily, routine actial weather-reconnaissance sorties,”

These nnprossive results were enough 10 proanpe action trom Detense Department
officials who now sought o break the NASADepanment of Commerce franchise on o NOMSS and
pursue openly o sepunile mi]ﬁan}* weather satellite program (or strutegic and tctical appheations.
Om 22 June 1963, Under Scerctary of the A Foree and NRO director Brockway MeMillan advised
General Jolm P, MeConnell, incoming Chiel ol Sull, USAF, that the DMSP would transier Trom
the NRI* to USAF tunding and direcuon, eflective 1 July 19635 (the beginnimg of FY 19661, The
DMSE program olfice in El Segundo would move from NRO Program AL the Air Foree Special
Projects Office, to the Space Systems Division next door. in Atr Force Systems Comimand, with
Headquarers USAF and Systems Command assuming overall management respensibility for what
MeMillan wrimed an “oagoing developmenvoperational program.”™ The Strategie A Command
would continue to launch the satellites and operate the DMSP control center and grownd erminals
in the continental United States: Air Weather Service would man the ditect readout werminals

overseas, while continuing to operate Air Farce Global Weather Central and process DMSP

strategic weather data @ Offut AFB. This program. MecMillan observed in closing, “has been

entirely a ‘blue suit” effort, ‘the cost has heen remarkably low: the results have consistently
exceeded expectations.” Perhaps anticipating an excess of public affairs enthusiasm on the Air Statf.
he repretted 1o say that soouriny restrictions  proecluded  any  public recogmon of DMSP
accomplishments,™

This change introduced a more complex dual-management chain. On the Air Sealll
Covetall management responsibility devolved o the Deputy Chiel” af” Stdl lor Research and
Development because the DMSP was programmed and budgeted as an advanced development Tine
itemn. The director of the NRO retamed o srong mterest. monitoring DMSP through Air Weather
Service personnel assigned to his staff, Operational requirements flowed - from the NRO through Lhe
Adr Weather Serviee o the West Coast progran offiee. Techmeal guidance now came trom the
Deputy Chiet of Stattf for Rescarch and Development through Air Foree S.ystcms Command o the
program office. The program office. the focal point at Space Systems Division. excreised autllorii}-‘
for pluniing. divecting. contracting. and system engmeenng.

Muaking the change o a permanent program complete. a few months larer, on 2X
Septemnber 1963, olTicutls of the Defense Department and the I)epaﬁmem of Commeree sipned an

agreement  that eliminated  the  reguirement for  prior coordination  of  “acronomy™  and
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“mcteorvlogical recomnssance programs.” Thereatier, except Jor periodic reassessments demanded
by the Bureau of the Budget ilater the Office of Management and Budget) and Congress.” the
Delense Department all but withdrew from the NOMSS concept, and NASA leaders converted
Nimbus into a research and development test bed.™ A fow vears later. in December 1972, DMSKP
meteorological data also began w be lumished routinely 1o the Departrient of CommercesNational
Oceanic and Atmospheric Administration and its National YWeather ‘Scr'vicc al Suitlancd. Marylund.
At that time. security restricttons on DMSP tactical applications were rc-_n1m~“ed.f A tew months later
in March 1973, Under Scorctary of the Air Force and NRO director John 1. Mcl.ucas publicly
anmounved the existence of DMSP in & Pontagon press conference.”

Back in 1964, when tests began of the meleoralogical satellite applied to Lactical military
operations at hore and abroad, the NRO approved modification ot three additional satellites for
direet readout. These l(ﬁ()—pt‘)und vehieles. adenucal in size and shape to their 100-10-12( pound
Block | préxleuexntal's. also mounted improved infrared radiometers and were known colleetively as
Block 2. Laimched during 1963 and 1966, two of them atained Larth orbit and provided tactical
meteoralogical data for operations in Southeast Asia, A lTourth satellite. the one equipped anc
launched expressly for tactical uses on 20 May 1963, came to be called Block 3. 'Fhe reason for this
curiosily. a “one-vehicle block.™ involved effonts to distinguish it from its Black 2 cousing thar also
supperted the primary strategic cloud cover mission for ibe NRP. Shartly before he stepped down as
DMSP dircctor and control of the DMSP passed o the AirForee Systems Command. in carly 1963
Colone] Haig secured permussion 10 begin the design of a more powerful military metcorelogical
satellite that met more completely the demands of its customers.™

The Block 4 sarellite, shghtly larger than those in Blocks 1 and 2. \&.'BS 30 inches
diameter, 29 inches high. and weighed 173 pounds. Stll spin-sabilized. the satellite nonetheless
provided improved weather coverage. Previously, the single 1:2-inch tocal length RCA vidicon
elevision camera i Block | and 2 satellites lumished a nadir resolunon ol 3-10-4 mumigal miles

(i} over an 800-nm swatly, with significant gaps in coverage ol the Earth at the equator. Block 4

+

For example, im Novemboer E97Y Prosddent fimmy Carter, overnding OMB mrotests. reaflirmed the
positions of the departments of commerce and defense thar favored maintaining separate civil and mititary polar
arbitmy woeather suteliie programy antil lore block clumpes were adoptei. Even dul restrivtion was remesed hy
President Risgun in his 4 July TUN2 Nafional Space Policy.

Wl the tse of DMSP wetical weather datt in Sontheast Asia, knowledge of the progrim hecamy widespread.
i carky T sword of s progisn linkad o s webeal appheatons appeared in e open bleeatare. Practical
adasimems i sekmewledged s Teast shat pant ot the cntemrise could no longer he avesded. (See "Industry Observer.”

Ifl
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vehicles camed two one-inch ool lengih vidieons SRE

canted w26 degrees from the vertical that provided

global coverage of the Larth (contiguous coverage at
the equator). along o 1.5300-nm swath. The resolution
varied [rom 0% nm at the nadic o 3 nm at the
picture's edge. Besides a mult-sensor - infrared
subsystem, Block 4 also incorporawcd a high-
resolution radiometer that fumished  eloud-height
profiles. A tape recorder of increased capacity stered
pictures of the entire vorthern henvisphere cach day.

while the sawelhte (umished real-time, direct local

tactical weather coverage o small mohile ground or

o=

Fig. 1. PVISP Block 4 Satellite

shipboard terminals. ™"

Under the guidance of o new program director and graduate of the U.S. Military
Academy. Major John L. “Jack™ Kulpa, Jr.. cight Block 4 defense meteorological satellites were
debivered and seven successiully Tuunched between 1966 ugmi 1969." Because of the 1963 change in
command relationships, however. Kulpa Tound himsell reporting to four bosses instead of two. Nat
only did the new NRO director Alexander Flax want to be kept advised. his subordinate, the dirceur
of the NRO's Air Foree Special Projects Otfice also expected that courtesy. espectally since Kulpa
hiad just conmpleted an assignment there directing a research subsatellite program. AL Headguarters
Adr Toree Svstems Connnand. Geueral Bermurd Schrtever wok a personal interest in DMSP. while
his subordinate. the commander of the Space Systems Division. hecame the general officer
presumably responsible for DMSP. [n the event, Kulpa later recalled. “each of them thought th:'n:
one of the others was my real reporting ofiicial, and [ was lefi prety much alone 1o prosecute the
effort.™" But the program director could no longer ¢laim the same NRO exemptions fram the Air
Foree -375 series of procurcment regulations, and his olfice stall found tsell” encumbered
mcreasingly with “operational requirements,” “development plans,” and other accoutrements of the
farmal Aar Force acquisilion process. |

Shortly after gssuming command, Kulpa hegan work on the nexi series of weather

Avwieriions Woeh e Spcce Peclmedionge, 2T Juuuary 19689 0 130)

U A siven success Nl by achioved orbit, The vighth vehicle. not needed for operational regquitenents. was
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satellites, DMSP Block 5. He delegated mstrument requirements and design of the spacecraft o two
able subordinates, Camain Richard Goer who had previousty shepherded launch vehicles, and
Major James Blankenship, who had previously supported Haig while acting chiel of the Technical
Services Broneh, Hewdquarters Air Weather Service (A WS}. Blankenship had just returned from the
Roval University in Stockhalin where he had
completed a PhuD. thesis on Atmaspheric Photo
Chemistry. Brilliant with an crainently practical
tum of mind, he played a predominant role in the
payload design thal made Block 3 especially user-
fricndly. such as Tormuating of the imagery 1o
standard AWS weather chart scales. Morcover,
Gieer recalled. he possessed “excellent long-range
vision.  sceing  dawe apphications.  wechnology
solutions, and political ways and means far into
Sthe future. . Hiso expertise in weather
phencmenology,  his :uggrb'c:ssivc atticude.  his

persuasiveness, and a unique [NRO acoess via the

AWS] L combined to make him arguably the
most  powertul person i the SPOY |system Fig. 11. Col. John E. “Jack™ Kulpa,.

e DVISP Program Direclor 1963- 1968
program otfice].™

Indeed, the revolutionary Block 5 spaceeraft that resulted from the efforts of Geer and
Blankenshp took the form of an imcgrated svstem: it departed entirely from the TIROS-derved

technology of its predecessors. The two men visited meteorologists at work. and then examined

what the indusiry could produce. Instead of starting with g sensor m space and detenmiming what ic

ghe el the user about the weather, these two based the Block 5 desien on the users” wish to
receive o product in @ form that approached as closely as possible the weather charts and wiaps that
ihe}-'. the meteorologists, employed. Moreover. the product furmished the albedo of cach seene. not
its brightness, which varied enormously From full sunlight o partial moonlight.™ A survey of the
mdustry and new technologies revealed line scanming sensors und advanees in highly sensitive

visible bight and wirared point {as opposed to amay) detectors, Tnsteud of sy complicated

Semared 1 the Chivagae Muscum of Scicnee and Tndustry.
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clectronics to scan the raster ol a TV camera, they reasoned. one now could let the moton of the
satellite provide the scanning along the line-of flight. That would require a spacecraft that always
“looked down,” rather than once that wheeled along ity orbit. But a satellite slabilized on three axes
would make possible acquiring a swip of imagery of indefinite length, imagery that could be
rectifiod at will. ™

Some 200 hours ol Mght 1ests ol expenmental sensors. conducted by Captain Melvin I,
{*Nick™) Chubb o a T-39 aireralt. produced Ime stan images that a newly promaoted Lt Calonel
Kulpa used to sceure the approval ol the Block 3 design from his supcrim‘é n Systems Command.
After a source selection competition in May 1966, Westinghouse won the contract to fumnish the
constant resolution oseillatmyg klescope sensor and ground display equipment, and RCA won the
contract to pravide the spaccorait
bus. The Westinghouse
“Operational — Tine  Scanner™
{OLS1, as it came 1o be called.”
provaded images of e Earth and
its clond cover in bath the visual
and infrared (IR} spectral remons.
With this svstem, nadir visual-
imaging resolution at the Farih'’s
surlace impruvedv o 03 nm
during daviune and 2 mi 4l might

thronigh quarter-moonlight

Mwnmaton  levels. The higher

Fig. 12. Left ta Right: Vaj. James R. Blankenship and reselution (less than 0.3 nmj now
Captain Melvin F. “Nick™ Chubb. Jr. av Block S Desiga Review salislied the requirements  of
tactival nsers, The infrared subsystem furnished 2-mun resolution at the surfiuce day and night. as
well as cloud-height profile and identification of all clouds abuve or below a selected altitude. and
heat-balance data. Complere global coverage was tansmitied over coerypled S-Band digital data

-"Urigin.;lll}-' called the “Oseillating Line Scanner,” the same was changed by NRC-EMSP personnel whao,
about o prosert the case for L al the Pentagen, woere adidised that the miliary "good wurd of he duy™ wus
moperativngd.” Fhe OSL thus was <old Jor development with the new. “operational™ aame. (amcs R Blankenship.
letter to the guthor, 23 Septemizer 2000,

149
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links.  Block 5 simulancously  satisfied  the o
meicoralogical needs of the military commancler in the
ficld for tactical support. while it met completely the
“sualegic” PCYUIrCINCIS of  the  Navonal
Reconnassance Oftice. In the months that followed.
Blankenship took “shameless advantage of that fact.
telling tactical and strategtc customers, in wrn, that
Block 5 had been desigmed entirely for them. It was
rrue enough.™!

To achieve the pointing aceuracy required

for the Block 3 line scan scnser, the spacocraft

conploved a novel momentum-bias  attitule-control

svstlom, It consisted of a momentwn  wheel and - o
Fig. 13, DVISP Block SA Satellite

horizon scanner. and magnetic coits. The wheel and
scanner controlled the piteh axis, while the magnetic coils controlled the rall and vaw axces,
replacing the momenwm dissipated by friction in the bearing between the momentun wheel and the
main body of the spacecraft. The slab-sided, tube-shaped Block 5 satellite remained 30 inches in
dianmcter. but its height increased 10 48 inches and its weight rose 0 230 pounds. Positioned
honizontally on orbit. it closcly resembled an overturned gatbage can. Three Block 5A spacecraft
were built before military demands lor greater tactical meteorological suppart dictated funther
c-h:vmges.}: |

In 1969, all three military services looked forward to sull more tactical weather support
from the improved DMSP, and all three sought to obtain it on a daily baxis. Vo that end, the three
service assistant secrelaries for research and development agreed on a “joint-scrvice utilization
plan™ for DMSP.Y On jf) March 1969, Jobhn S, Foster, Jr., Director of Delense Roscarch and
Engineering, approved the plan and the funds needed to improve Black 3 spacecraft 1o ensure
receipt of DMSP weather datr on werininals o board ship.” The result was Block 38 and -C.

Langer. at ¥4 inches in height. and heavier. at 423 pounds. these spacceraft exclusively required use

. . - . - . . -

The joint-seevice DXISP use plan would be revised and updated 1o hune 1973, and again i e 1976,
Shiphoard readont seemimals had oy the mid 19708 been nstalled onchoard the atrerall cacriers USS Conmseadftion
and G558 Ko wssigned o CINCPAC und CINCLANT. wespectively,
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ot the uprated booster culled ThorBumer HAL Block SB spacecralt added a large sunshade on the
Tmoring binds.” @ more powertul 20-wart travelimg-waveshibe amplifier (TWI'A) transmitter that
rachiated aniple power for reeapt of the signal oo beard ships (though it was never used Tor tus
purpose vperationally), o seeond primary data recorder, and a pamma-radiation detector. Block SC
added 1 vertical temperature/maorsture profile sensor and an improved TR sensor that now uﬁhiuvml a
resofution of 1.3 nm at the Larth's sarface. ™

I oall, three Block 3A. five Block 3B, and three Block 50 satellites were buili and
launched betvecen Febrnary 1970 and February 1976 Collectively they .t"umished the strategic
folobal. stored) and tactical (dircet readout) weatlier coverage reguired by the NRO and the JC'S,
although theie operavonal hle expoctaney on orbil averaged at best about ten manths, Meanwhile,
Kulpa had departed the program for another NRO assigunent in 1968; Lt Colonel Wilbur 8.
Butsomyg served as his weplacomaent for the TexL six years, until 1974, Subsequently, a succession of
program dircetors followed him, often in
rapid order. teginning in the mid 1970s, the
DMSP staft at the Space Systems Division
m  Fl Segundo  matured.  expanded
numerically, and adopted a more lethargic
pacc of operations. s carly peripatetic
aetivity and  comer-cutting solutions o
bureaucratic and 1echrilcal problems became
things of mcwory. Transicerng the military
meteorologicl satellte  program o Adr
Force Systems Command in 1965 had
reduced sceurity restrictions, (o be sure, but
it also had mtroduced bureaucratic layering

(absent  Colomel  Haigs  firsst rule.  the

Acrimpace  Corperation now  provided

Fig. 14. DMSP Binck SB Satelliie

syslems  engineering  and  integration
support). it had retuned the program 1o conventional Air Force contracting and procurcment
practices, and it had markedly increased “the number of propram  personncl involved

decision-making. Bespeaking these less salutary changes, the program office authorized launch ol
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the tast Block SC satelhite on 19 Febneoy 1976 with incorrect weight-to-propellant-loading
cateulatons. Lavoched Trom Vadenbere Air Foree Base. the ThorBumer 1T booster rose
majestically through dic atmosphere, reached the odge of space. exhausted its propellant, and the

DMST satellite whistled back 1o Farth—a toral loss, ™
Fine-Tuning the DMSP

I'he 1-sided, wb-shaped Block 5 polar-orbiting weather satellite had reached the end of
s growth pownval by the curly [870s0 Moreover, this design. which ok wdvantage off
spin-stabilization lor itermal themmal control, was ) swied o Block 3 operation in a “de-spun”
tirce-asis-stabilized atitde. An entirely new design wilored entirely o FEavth-oncented orbital
fhght, one that met the demuntﬂ ef s mihiacy and eivihan ients Tor increased pointing aceuracy
and more growth potenrisl, appeared necessary, Indeed. bevide oftices of the Nationul Oceanic and
Atmospheric Admyinistration in Nuitland. Marvland, that bepan routinely o reccive DMSP weather
Cdata i fate 1972, a0 diggd Tacsiminle system had been installed me Seplember 1972 at the National
Militry Command Conter w reccive weather data transmitted from Air Foree Global Weather
Ceniral 10 the ICS, Shortly thereafler. i second digital facsimile systeny was installed ar
Headquarters Tactical At Command at Langley AFB, Virgiuia. and a third ar the Army's Whire
Sands Missile Range in New Mexico, for its use in envirommental rescarch. ™ _

Another reason 1or starting a new Block 6 military metcoralogical satellite denved from
the short Tifetimes oo orbitof the Block 5 series. A Targer: heavier machine would furnish space and
power i redinklant components. (17 one component laifed, another could be activated m its place.
Studies of the Block 6 satellite, which pl'occedéd i the late 19605 on the hasis o & mean-mission
lifetiwe on orbit of 16 months mindoom, began iz carmest in the <arly 19705 under DMSP Program
Divector Botamy.” But DMSP Block 6 with that designation was not w be. To the partisan realm of
Washington politics, a now block number meant “a new start.™ At best 1t would entail specidl
justificaion betore Congressional Commitiees and involve unusually close scrutiny in the Oftfice of
Management and Budget (OMB), And officials m OMBE Favored combmmg the enal and military

Codouel Boteong would xee s work completed before he retieed in Angust 1974, Subsequently, he want
w work far ROAL

)
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polar urbtting imeteorological satellite e one program the met evervone’s needs. Atworst, a Block
& would tail to receive approval and spark an effort o merge the two programs. Air Foree officials
therctore clected to term the new spacceraft a modification: DMSP “Block 3D.7 For these
acquainted with the nomenclature. the carlier Roman numerals used to identify DMSP blocks now
converted to an Arabie numeral. which signified a block change. In” Washington, polinciany
unacquainted with s significance appropriated funds for five of the “mediticd™ Block 5D
spacecrall m fiscal vear (972

The progran office, however., bad wuroduced a requuirement for an Larnth-onented
pomnting accuracy much greater than the ooe unposcd on it predeecssor Block 3C. [n the design
competition for the new, spaceeraft conducted between Boeing and RCA. only the latter fitm was
judged able 1o meet completely that requirement. A contract for five Block 30 satellites, signed
with RCA in the fall of 1972, set a required launch date tor the fiest of them i the fall of 1974, But
the gremter pointing acceuracy and o complement of additional mstruments also had inereased the
projected cost of these spacecraft compared with their predecessuors, and it introduced the risk of
delayvs n dc\rclopmem.”

Whatever its pomting accuracy, and the numerical sleight-olhand for “Block 3D
notwithstanding. in November 1972 the OMB requested that the Departments of Commerce and
Defense regxamine a consolidated civil and military polar orbiting meicornlogical satcllite program.
and the possibility of using a single spaceeralt Lo satsiy the demands of both. Fither action could be
expected to result n substantial dollar savings, and a steering group composed of representatives
from NOAA. the Defense Depariment. and NASA was formed once again o consider these
questions. Since the rechnical capability of the existing Block 3¢ alrcady exceeded the capability of
a planned NOAA successor. TIROS-N, the proup™s report. issued in mid-1973, concluded that the
areatest savings would be realized in a single national mewcorological sacllite svsiem managed by
the Air Force, using a standard DMSP Block-3D sarellite. This uncivil solurion was quickly rejected
by Henry Kissinger. President Nixon's National Scearity Advisor. who argued tha it would vielate
the Nadooal Acronauwtics and Space Act, which dictaed & separation of mulitary and  eivil
spacefaring, and by officlals made uneasy in the Department of State, who warned of adverse
international repercussions. Subsequent interageney deliberations led by Air Foree Under Sceretary
James W Plummer, the direetor of the NRO, resulted w an agreement i July 1974 w achieve mgjor

cost savings by adopting a variant of the DMSP Block-3D militacy satellite for use m hoth the ¢ivil

b
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treplacing T1IROS-NY and military polar-arbiting, low-altitude, metcorological space programs. The
larger, joint-use version needed by the NOAA to support additienal sensaors. was identified as Block
AN-2, The five ariginal Alr Foree-RCA spaceerail thus hecame DMSP Block 5D-1.7

The Block 3D-1 design thar had emerged back in the ecarly 19705 resembled in
appearance conveutional Larth-onented sawelhites ol thus periedd. Sized @ (it the space taken by the.
Bumer 1A solid-propellant upper stape on the Ther. it was five feet in diameter and 20 feet long,
The 3D satellite bunlt by RECA eonsisted of three seetions: a sguare precision-mounting platform on
the forward end supported the scnsars and other equipment requied lor precise aligrunent: in the
center. o five-sided cquipment-support module contained the bulk of the electronics and featured
ONC OF fwa p‘i‘l’m'hccl Jouvers on tour sides for thermal control: and, at the all end. a circular reaction
and - control-equpment.
support struciure
housed the sper third
stage  sohid-propellant
rocket mwotor and
contained reaction-
comrol  cguipment. A -
deplovable,  G-by-16
foot sun-tracking solar
array wis also mounted

aft, on  this  section,

With its complement of

Fig. 15, DMSP Block SD-1 Satellite

addittonal  sensors. the
spacecrafi weighed 1,130 pounds. mking it more than twice as massive as s Block 5C
predecessors. To heft the additional weight into orbit, the program office contracted with Bocing for
a new. lurger, solid propellant sccond stage. The oniginal Bumer-11A second stage, now adapted as.a
third stage and lixed o the satellite. was used during ascent W imect the vehicle into s ciecular.
sun-synchronous 450 nautical mile Larth orbit.™

Ouee in orbit, the 3D-1 RCA spacecrall had to point and control the optical axis of the
primary imaging sensor to within 01 degree. in etfect making the satellitc “a spacchorne optical

bench.” This was achieved by awtomatic momentum exchange between three motmenuam whecls
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one euch posittoned an the yaw, roll. and pitch axis—and magnetie corls that interacted with the
Farth's magnetie ficld and-prevented the accumulation of wheel secular momentum. The wheels and
cotls were conpled with three orthogonal gyroscopes that measured short-term changes in atlitude.
and a star sensor that updated aftitude position w bound the effects of pvro drift. A backup system.
composed of an Farth sensor that furnished puch and roll information. and a sun sensor that
provided vaw information. ensured attitude control about one-tenth as accurae as the primary
svsieu. The software programs for both systems were stored in two redundant central computers
and pmccss‘mg,Lu]ils,“

Resides perfommg spacecrait-control funchions autonomoeusly on orbit the integrated
AN computers and attitude-control system also controlled the Thor booster and 115 upper stages
during ascent and orbir injection. A pre-set {but reprogrammiable in orbir) sofrware code contained
in both of he centeal computers made possible the auonomous orbital operations. All ol these
contral and mamtenanee Junctions were directed 10 o single purpese: support of the primary
imaging seosor, an improved Westinghouse eleatro-optical Operational Linescan Svsiem (OLS).
The OLS consisted of @ scanning optical telescope oscillated in a sinusoidal (side-ro-side) metion by
counter-reacting springs and a pulsed motor. In a nominal orbit, the O1.S covered a swath width of’
1.000 nm and fumished a nadiv resolution at the Farth's surface of 0.3 nam m the visual and infrared
spectra, with a resolution of 0.5 nm at the edges. The OLS also could produce ~smoothed™ images
with a constant resolution of 1.5 nm across the scan, The visual and thermal data acquired on cloud
cover and cloud-height profiles could be stored i three Lape recorders for transitnssion on command
w Farth m an encrypted, digiial format. Dhirect readout, of course. also was available 1o tactical
users. ” The increased amount of data-that could not be effectively transmitted over the leased land
hines used previously. begun © be relayed from the DMSP ground stations o A Force Glohul
Weather Central ar Offurt AFB vig commercial communmications satellites heginﬁing with the first
launch of a4 Block 3D.

A varicty of sccondary sensars, somie judged as “niec to have.” appeared in different
combinations on Block 3D-1 mussions. Five of them Irequentdy appeared on the spacecraft. An
atmospheric density sensor measured: the major almosphenc cmﬁtituents {nitrogen, -oxvgen, and
azonet in the Earth's thermosphere on the dayhght portion of cach orbit. & precipitating electron
spectrometer counted ambient electrons ar various energies, A scanning  infrared  radiometer

fumished  vertical womperature profiles. vertival  water vaper profiles. and the total ozone

ta
v
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concentration. A passive microwave-scaiing radiometer proliled global wimespheric lemperatures
Irom the Fartl's surface to altitudes above 30 kilometers. Finally, a gamuma-radiation scosor
turnashed by the Aw Foree Technical Appheations Center detected nuclear detomations as part of the

engoing Tntegrated Operations NUDET Detection System. ™

Fig. 1o, DMSP Nighttitne Linage of the Auroira Borealis Taken by the Fiest Bloch SA Satellite in 197)
(Note lighted citics from Canada through Central America.)

The complexity of the new satellite and design changes mtroduced almlg lhe way. us
soimc had feared, ncreased costs and delaved the tiest Block SD-1 flight from 1974 unul 1976, Air
Force Systems Command dispatched an Inspector General's e to examine the program at Space
and Misstle Systems Organization (SAMSO. formerly the Space Systems Division) in E1 Segundo
m Janoary 1973, Ar Systems Command headquaners, T\;I'ujur'General Nick Chubh. who yoars helore
had st Night ested the QLS for DMSP. found one of the findings mast alamming: given the life

expectancy of e Block 3C spacecratt alrcady on orhit. the two year delay in Jaunching Block SD-|
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could be expecied o produce a sigriticant gap in metcarclogical sarellive coverage at the end of the
decade, Worse. there was all but nothing rhit could he done to avoid 1.

The vilue of anonomous flight operation. nonerheless was demonstrated during rhe first
launch of the fivst Block 3D-1 on 11 September 1976, The spucecralt wiespectedly wonbled end-
over-end i ospace. A fow months later. mtermittent communication with the wnibling satellite was

established and ground  countrollers reprogranmued  the computers. The attitude-control sysiem

thereatler slowed the rale of tumbling uniil the sutellite stabilized on three axes and began operating

praperty. A flexible Block 50 design had made possible the recovery of a mission at first believed
lost.*

Nevertheless. as the inspector peacral team had warned in 1975, the degraded
performance of the remaining 3C spacecralt on orbil, the delay in launchimyg the 1irst SD-1 wehicle,
and the unanticipatcd loss of the last Block SC at launch in Lebruary 1976 combined to produce
poor DMSP weather coverage between 1975 and 1977, The program oftice was torecd 1o chanece
DMSP status from fully opcrational to partially operational. Then matters gor warse. The sccond
SD-1 satellite, Jaunched on 3 June 1977, vaulted into a drifting orbitand by the spring of 1978 it had
moved so far out of position that most ol the OLS data was all but useless o the Nutional
Reconnaissance Office. The third and fourth vehicles, launched from Vandenberg AFB on 30 April
LTS and 6 June 1979, respectively, fared better, With these two meteorological satellites operating
on orbit, the last 3D-1 vehicle was hield for launch as o replacenient, when needed.”™

While the Block 53D-1 enterpnise nwoved ahead, work on the jomnt-use Block 3D-2.
contracted with RUA in 1973 proceeded slowly. Techmieal changes introduced by the ¢ivilian and
military eo-users, and prodonged studics of the proper booster for the SD-2. brought more delays and

mereased costs. In Fl Scgundo, the DMSP program office at the Space and Missilke Systems

COreanization found it necessary o slip the first 5122 launch from 1980 to 1982.% Mceanwhile.
3 I .

berween 1975 and 1980, a succession of six DMSP program ditectors arrived. were seassigoed, and
feft. The cra when a Tom Haig or a Jack Kulpa guided DMSP aciivity for several years at a time
appeared 10 be a tlnng ol the past. In Washington DO as the decade drew o a close, the sharp rise
i cost of the new Block 302 weather satellite moved cost-consclous members of OMEB and
Congress in 1979 1o reduce the number on order lor the Air Foree rom 13 w0 9. Nine long-life
lullow=-on saetlites. according 10 those addressing the question in Washington. were more than

v 3
cnough (Or the country.
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The clectronic components ol the Jollow-on satellites remained essentially the smme as
those m SD-1. bur the SD-2 structure increased in length from 20 10 225 feel. The extension
ncrcased the downward-faving senso-mounting area amd lengthened e cqllipnwnl-r‘\lip]mrt
module amidships, Thar module now contained o second 25.5-amp-hour battery and sported two or
three pinwheel temperatine control louvers on four ot its five sides. 'The solar array mounred on the
all reachon control equipment-support stracture also increased i size to 10-by- 16 feet, fumishing
increased] electrical power, T'wo important sensors were added to those in the 513-1 complement: 4
topside wnosphenie sounder provided detailed global measurements of the electron distribution in
the Larth's ionosphere, and a microwaye imager {lown on the fast fw 30D-2 sateliesy detined the
extent of sey dce and sed- .
state conditons {wave helght
and paterns) on the world's

LU, Withal, these
changes increased the weight
of the Bloek-30-2 spacecraft
to 1792 pounds  a sum teo
great for the ThorvBumer
booster combmintion. Hewled
dehates ok place between
officials in the program

olfiee and Acrospace

Delense ~ Command.  the

Fig. 17. DMSP Block 5D-2 Satellite

launch ageney at that tme.
abiout adapting Thrust Anmoented Thors to the task. just to keep a “blue suit” launch squadron,
Ultitnately. tiowever, the launch vehicle selegted for the 3D:2 mictcorological satellite in T98%0—
after 16 monihs of vacilltion—avas the General Dynamies Atlas E. an improved version of the
liquid-propelait intereontinental ballistic wissile deploved brietly in the carly 1960s. The solid-
propellant Bumer 1A upper stage. lixed to the afl end of the satellite, was retained. again used at

_ . . . N ) e . .Sy
altitude to drive the vehicle mto a circular 430 nautical mile polar ovbit.

Approved for Release: 2018/12/21 C05102030



bApproved for Release: 2018/12/21 C05102030

A Changein Tinte and Circuomstance

A conjunction of events precipitated successes and failures in late 1979, Tor some around

the world. thewr ume had amived. In mid-October the Pitisburgh Pirates won the World Senes in
seven gatnes. On 3 November in Tehran, Iran, Shiite militants scized the American Embassy.
imprisoned the stalf, and dared the United States 10 do anything about it. A few wecks later. on
Christmas Dy, the Soviel Union began aildung military lorees into nearby Afghanistan, intent it
scemed on securing a vassal state. But for others tine had run out. In Septeiber 1979 the first of the
'Block 3D-1 polar-orbiting satellites. which had begun to fail sarlier in the vear, ceased all effective
aperations, The third satellite [ailed w operate on orbit at the beginning of Decaimber 1979, Shortly
atter the New Year began, in March 1980, the second satellite used for tactical weather support in 4
drifting orbit. also failed, The fourth vehicle. meanwhile, encountered: electrical problems, began to
falter, and cxpericficed a total telemetty system failore. On 29 December 1979 ground controllers
placed it 1na “backup mode.” The tifth and last Block 3D-1 satcllie held in reserve was quickly
readied for light and shipped w Vandenberg AFB. Now, officials in the DMSP program office
could nnh hope tor the boesl. W Il]l Blovk ‘\D-& vehielés delaved in developiment, a fimst launch could
not eccur ar leasr until 1982—two years i the Buure. The xpuucrms. lourth DMSP satellite, 10 be
joined now by the new fifth Block 3D-1 spacecraft. had therefore to function on orhit lor an
extended pertod i the nation’s stratcgic and tactical military meteorological needs were to be met
completely ™!

On 13 July 19800 at Vundenberg AFB in Cahlomig, a Tht‘ir.l"Bumer launch \fehicle_
carryimg the last 3D-1 satelhite roared to Lile and ascended skyward. For the fiest tinse in many years.
a ThorBumcr combination failed. The sceond and third stawe solid rovkets apparently did oot
separare, and the satellite fell mto the South Pacific. Four weeks later in August: hugh above the
Larth, the fourth and last 313-1 satellite complerely ceased to function. Back in the mid 19703 the
pmgmm had remporarily operated with a single satﬁllitc in orbit, Not since the carly 1960s.
however, had the program Jaced an absolate gap m omihtary meweorological coverage. An
investigation of 1YMSP by Air Force Systems Command identitied funding cutbacks and program
nranagement imdamentally weakened by a rapd wmover of program directors 1o be the piincipal

conributing causes, The requirenient tor an exueme pointing accuracy and the much-mnereased

20
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complex ity of these machines. which conttibuted to spiraling costs and Launch delays, appeared 1o
escape notice. The deliciencies eited might be rectified by 1982 in the meantime. however, 1he
military services and the NRP would have o rely ot NOAA satellites wid ather programs for
tactical and strategic mercorological coverage.”™

Having w rely on NOAA for satellite meteorological dita was o hitter pit] for Air Force
olficials 10 swallow. For years they had defended DMSP before Congress and the public as
“indispensable™ to military decision-makers. especially intimes of conflict.”™ To be sure. since the
mid 19705, data from NOAA weather satellites had been received on the Last Coast and tansmitted
to Alr Force Global Weather Contral over an automated weather network, where it could be
combimed with information irom the DMSP satellites and other ground and aerial observations
obtamed throughout the world, Between nid-19%0 and 1983 these data, less thar of the military
weather satellites. would meet most militiry needs. Although the NOAA spacecrsfl were not
designed specifically to satsty tully the high-resolution visual and infrared strategic meteorological
requirements of the National Reconnaissance Program. it would no longer be possible for Air Force
lcaders to ci}aim that these eivil spaceerafl would not-do at all. ;

AT Air Foree Global Wearher Central, DMSP high-resolution data had permined s
ctcorologists Woussess the cloud cover over the Eurgsian continent and issuc rapid lTorceasts that
predicted the pereent probability of obtaining cloud-tree photography over arcas abowt v be
transiegd by reconnaissance spacceratt. These time-critical torccast probabilities of cloud-free
conditions had heen the key determinants in dirceting camera operations and film expenditure. ™ By
mid Tukt, however, many years accumulation of clovd-cover data from all sources permitted
statistival modeting and forecasting, Combined with the NOAA weuther sawlhite data. cloud-cover
now could be predicied belorehand and that estimaie used o direet overbead unagery operations.

Back i 1¥63-1964. only S50-to-60 percent of CORONA  reconnussance  satellile
phologriphs prived Lo be cloud-Lree wish the support of DMSP nictcotological satcllites. Part ot the
difficudly stemmed rom meteorologists at the NRO's Satellite Operations Center in the Pentagon
who at first Tailed 1o properly define cloud cover in tenns ol the velative viewing angle to the target.
Part ol ut stemmed front the dittering terminology used by the intelligence customers who subnutted
wrEet requirements 1o the Committee on Imagery Requirements and Explottation (COMIREX) Tn
14h6 COMIREX adopted as a single standard the World Aeronautical Chart and its subdivisions,

culled World Acronautical Grid Cells, or WAG Cells. Each WAG Cell was o unilform 12-by- 1%
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nautical mieles on a side around the world. Intefligence cusiomers thereatler subniitted  target
requests 1o COMIREX adenuficd by WAG Cell location and sorted by ephemeris  whichever
satclliie orbital race crossed @
particular WAG Cell and at what 1ime.
Al Olfut AFB. the Air Weather
Service's Air Foree Global Weather
Central - began work o a0 thee-
dimensional - cloud  analvsis.  The
programs merged all overhead imaging
and  eiviliwn weather reports o a
global cloud analysis with a spatial
resolution of 25 nm oon a  polar
stercograplie grid, by date and umg of
day. By the lawe lf}(‘-Os,l employing a
software program devised by the Air
Weather - Service. Air Foree  Global

Weather Centrul could  estimate  the

probability of cloud-free access on any

T 18, DVISP Image of the Western Uniced States and
day and tune throughout the vear for Meaieo 2t /3 Naatical Mile Resolution, early 19708

any required targer,”

This effort assumed incrcased impottance m 1972 when operation of a new imaging
satellite began. The catly morting “scoul” mihtary weather satellire furnished weather cenditions
ovor the Soviet Union at Iirst light. These data. used o the clonud analysis and torecast svsicm,
provided cloud-vover estimianes that-were u‘ansmimﬂ from Air Foree Global Weather Central to the
Satelhte Operations Center in the basement of the Pentagen and wsed as u short-lerm forecast o
progran satellite cunera operations m the reconnaissance satellites thar trailed the weather seout
The late moming “assessment”™ weather satellite told how accurate the cloud forecast had been.
derermingd whether 1arget requircnents had been sanishied, and also contmbuted data to the weather
madel. Finally, personnel in the Defense Mapping Agency scamned the film returned by
reconnaissance salellites and repoted actual clond cover to Air Foree Global Weather Central

alierward. Turther contributing to the weather model data basc.™ By the lawe 19705 a high percentuge
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of satelhile petores twken ol the Farth were
free of cloud COVEL, Without these weather
forecasts. only  38-10-40 pereent of  the
imagery returicd would have been cloud-
iree. Probabihibies of clond cover generated
by the weather analysis medel combined
with Tow-ahitude NOAA satellite data thus
met - minimum NRP O stracgic weather
forecasr requirements durjng the 1980-1982
DMSP imerregnum.”™

In December 1982 the first of the
Block 3D-2 mulitary  weather satellites. a
moming bird, was launched successfully
atop an Atlas booster, The second and third
satellites followed the Nirst one into orbit in

Noveniher R3 and June 1987.

respectivelyv. These military: meteorological

I~'ig. 9. DMSP Image of the Red Sea at 173 Nautical
Mile Resolution, early 1970y saelhites onee again supplicd  the global
{Mediterrancan Sca at the top of the inmgc.)

coverige needed by the country's three

mititary services and the NRP - and did so for many imonths. [ndeed. the primary (LS on the first

S0-2 satellie did wol cease tunctioning untd mid-August 1987, providing nearly five years ol

clleetive operation. while the second ceased m November of that year: the third saellite OLS
continued to function nntil mid- August 1091 In the meantime. Defense: Department and NOAA
officials made plans for another improved version of what would become the standard U.‘S‘. el
and militry low-altide weather satellite, Block SD-3 .7 |

Desion studies of a still lareer and heavier Block 5D-3 satellite began in the late 1970s.

but funds for the military version were not appropriated until mid-1980, The 3D-3 satcllites, though

To meet sepurate NOAA weather modeling necds, aprimary NOAA polar-orbating sutellne aossed the Sovies
Union al about 23300 Jocud tene. whide o second v followed ac 83000 e wormog. These thines and wmeeoidable
delavs in rlaving weather data o Al Force Global Weather Cemeal did not mesh well with NRP fowecast requirements.
T Air Foree oflicials brichly considered culling tns series ol DMSP sateflies Block 6 but abundoned the sdea
when President Jinany Caner issucd o dinccuee in lae 1979 that specified muiitary and civil metearological sawetlite
progrins would contime o be conducted separately mnd the ext satedline block chiange, (Prosidential Direative 34,

fwd
b2
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mtally  desimed” w0 be
compatible  for  launch  on
NASA's Space Shuutle and be
laser-hardenaed, ultimnately
would he launched on an
unmanned cxpendable rocket.
This  satellite mounted an
improved Westinghouse OLS
and a larger combimation of
secondary sensors. The length

of the satellite increased from

22 to 24 feet, while the weight

Fig. 20. DMSP Block SD-3 Satellite

rose 10 2.278 pounds. The
RCA spacecrall consisted of the sume basic components as its immediate predecessors, but included
a larger solar army, three 30-amp-hour batteries. and a redesigned sunshade. The center scetion now
sported four pinwhecl wmperature comtrol lowvers on four of its Nive sides. These and other design
improvements combined 1o give the 30D-3 an anticipated mean mission lifetime on orbit of five
years (60 months). The first of xix S13-3 spacecratt was scheduled to-be delivered to the Air Foree in
June 1990 Following the loss of the Space Shuttle Challenger in January 1986, however, all of
them were rescheduled Tor launch atop modified Titan-f1 intercontinental ballistic missiles.

After the introduction of the DMSP Block 3D-1 satellites, Air Foree leaders realigned the
organization and operation of the progranmi. Responsibility for launching DMSP spacceralt
transferred in the mid-1970s from the Swategic Air Command (SACH w0 the Acrospace Deflense
Command. and then o the Air Foree Systern Commiand's Space Division. When the Air Lorec
established a Space Command in September 1982, the new organizaton gamed lrom SAC
responsibility for operating the ground stations in Maine and Washington State.” and the DMSP

Command and Control Center at OlTutt AFB. Following the disruption that occurred with the gap in

“Civil Ciperational Remiote Seosog. 23 November [U79
L 1S ’ ) A ] '
I 19718 e DMSE program also. hud armaneed for data readont amd relay ot weather data from a third
site, the Adr Foree Sarellitg Conmral Facility tacking station in Tawail

Vo
e
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stellite coverage durmg the early 19505, and despite the inter-command pohtics that attended the
organtzational realignment. in 1987 the operational DMSP received the management attention it
deserved. met its strategic and tactical cmﬁminhents, and could be judged reasonahly Nne-tuned.

Fine-tuncd or noL between 1962 and 1994 the Detense Mewcorological Sateflite Program
had sparked a revolution in overhead meteorology. It introduced the “wheel-mode” aperational
satelhte, novel atttude-control svstems, new satellite-rmacking programs. and the operational use ol
infrared. imagery w© the field of meteorology, Beginning in 1966 it acquired a tactical as well as
‘stmtcgic capability and furnished the needed weather support for both activities, Indeed. DMSDE
sign:il'lu:;-ml.]y increased the image-search system ellectiveness of NRO reconnaissance satellites and
of SAC SR-71 and U-2 reconnaissance aircraft, while it markedly reduced the number of acrial
meteorotogival sorties. The integrated Block 5 introduced the Girst systems approach that 1ufncd on
the user's requircnients. All the while, the mean mission lifctime on orbit of the military
meleorological satelies nereased from 90 days i1 Block 1 o Gve vears on the most reeent Block
SD-2 thights. These successes were tempered in the 1970s by the layering of mumagement and the
introduction of increasingly complex spaceerall that brought with them program delays, incrc-aécd
costs, and, ultimately. the gap in weather coverage that occurred in the varly 19805,

The Detinse Mceteorologieal Sawclhite Program, cortainly during the carly vears and at
least until the carly 19705, made do with less. o those vears, DMST developiment and production
wis accomplished with fewer personnel and ar less. than one-half the cost of equivalent NASA und
FJcparlanl of Commerce ellorts.™ Pushed w aperational staws within 24 months, the DMSP
demonstrated  remarkuble technical performance Tor both strutegic and  tuetical applications.
Considering its cost and performance in the mid-1960%, Commerce Departiment Jeaders told ther
counterparts at NASA thar they would adopt the DMSP wheel:mude spaveerall in place of Nimbus
as the standard for lw-altimide. polarsorbiting meteorological apphicatons. That chowe was made
omnal in the mid 1970s when the DMSP Block 3D three axis-swbilized spacecraft also was
sclected foruse m both progeams. But the chaice ol a commimon spacceraft bus highlighted the near .

identical coment of the crvil and military low altitude incteoralogical satellite programs.

o g < eyt e - - e T T e R Y 5t 4 B
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Allerword

Larly 1n 1993, once again prompted by the Office of Management and Budget and
Congressional committees 10 justify separate military anc civil polar orbiting ineteoralogical
satelfites, vepresentatives of the Department of Defense, the Depariment of Commerce’s NOAA
and NASA reconvensd Lo study the ssuc. Members of this group meost likely were unacquainted
with the interdepartmental study conducted by their predecessors thirty-two years before in 1961, a
sty thar had prmil.u:e.d plans For-a National Operational Metcorological Satelhie Svstem. Because
of security restrictions only recently lifted. they surely were unacquainted with the most sigmficant
aspects of the history that vou have just read. But unlike events in 1961, the weehnolopy for space-
hased meteorological observation now was well developed. the imemnational sensitivity associated

with overhead reconnaissance had all but disappearcd. and weather satellites were in operation in

arbit around the clock. Hardly o anvone’s surprise. and with much greater assurance, members of

the 1993 stdy reached conclusions similar te those of 19610 a single program would chminate the
need for dupheate satellites and ground stations, it would reduce the number of people mvolved
along with the corresponding costs. and it coudd be made to satisty both civil and nlitary

i

requirainenits [or “operational, space bascd, remotcly-sensed, environmental daa™ But this last
propusilion rermains open o question. [ history s any guide, atompts o acquire advanced weapon
systems (e.g. the TEXCF-111) that will do everythimg Jor evervone more ollen than not have faled
o achieve that goal, and have cost more in the bargain,

Nevertheless, the 1993 interdepartmental  study.  after  appropriate  departmental
coordination and approvals, led later that vear to the preparation of a tri-agency™ plan to combine
the twov weather satellite programs into one. But the word “combine.” would not be used. Perhaps it
suggested burcaucratic fool-dragging. 11 not myopia, and a substwte was selected o its place one
that imphed a new mitative, On 5 May 1994 TPresident William Clinton issued o Presidential
Decision Directive announcing the choice.” and. coincident with it the Deparmments of Defense.
Commerce. and NASA released the “Implementation Plan for o Converged Polar-orbiting
Environmiental Satellite: System.”™ The plan ercawed an Inegratedd Program Oflice that would
develop. acquire, and operate the converged National Polar-or’bitihg Operational Lovironmental
Satellite System (NPOESSYL 1 lormed an Exceutive Commitice composed ol semor oflicials trom

all three government agencics that would serve as a board of directors and cnsure that e NPOLESS

T
N

Approved for Release: 2018/12/21 C05102030



Approved for Release: 2018/12/21 C05102030

.
indecd mct the requirements of cach. And. under the terms of the plan, euch agency shared

responsibihty for difTerent elements of NPOESS. The NOAA held “overall responsibility for the
converged systen).” including operating the satellites-on orbit and representing the program wo the
varous ¢ivil and imemational comnumities involved. The Defense Department became responsible
lor contracting and acquiring the new mcteorclogical satelbites and for launching them. Finally,
reminiseent of the division of Tabor in 1961 that produced Nimbus, NASA assumed responyibibity
tor ~facilitating the development and incorporation of new cost-cliective technologics into the
converged system.™ |

The NPOESS program office. located at 2 NOAA facility in Silver Spring, Marvland,
opened 1ts doors on 3 October 1994 Four years later, in May 1998, the NPOESS program director
assumed respongsibility for controlling DMSP satelliies, along with the NOAA polar orbiling

satellites. On 11 June the Air Force Space Command 67 Space Operations Squadron, which had

previously operated DMSP satellites lTrom a control center ocar the old SAC [Headguarters m -

Omaha, Nebraska, mactivated. It brought to a close an effort begun in secret to meel the
mateerological needs of the National Reconnaissance Office and its National Reconnaissance
Program nearly four decades belore. in 1961, Alter May 1998, civilians at the NOAA's Satellite
Operations Control Center in Suitland conducted spdec (light operations for all polar orbiting LiS.
weather satelliees, though the Aiy Foree established a backup satcllite operations center, manned by
LSAF Reserve personnel.at Schriever Air Foree Base near Colorado Springs, Colorado. Sometime
late in the first decade of the new Millennium, NPOLSS satellites will become available as
replacements for the current Block SD-3 DMSP and NOAA satellites. as they cxpire on orbit.”” But

that is another history in the making,
Acknowledgments

When in carly 2000 the NRO declassilied ils metcorological satellite history. it became
possible for me to share an early version with somg of the original participants who had Icft the
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added details not otherwise tfound in NRQ and Air Force documents. and i the process
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Table 1
DMSP Launch Record

* Scout Rocket

DATE - LAUNCH ! LAUNCH | PAYLOAD | PERCENT REMARKS
) \FHI([F_ MSITE SUCCESS
5-23-602 Scout PALC DMSP (= Fatled o Oibit;
V-112 SLC-2 Block | 2" Grage Fxplidded *
§:23-02 Seout PALC DMSP 0% SUCCess;
Vo117 SLC-3 Block 1 EMD 6-11-63
1963 Scour PALC DMSP 66.6%, Tmproper Orbil;
V=126 SEC-8 Blogk | First DMST with
. | Totrared System
da2frer Scout PALC  DMSP 33.3% Failed to Orbit; |
P¥-121 SLC-S Block | 3 Stage Fxploded *
42763 Svout PALC [IMSP T6.6m lailed to-Orbit;
| V132 SLC-3 Block | 3 Stage Failure
’!

Abbreviations: DMSP - Detfense Matcorological Satellite Program: FMD = End of Mission
Daic; PALC = Poimt Arpuctlo Launch Complex; SLU — Space Launch Complex

® An investigation after the V-121 failure revealed that the Range Satety Otfficer (RSO} umed
off the Cammand Destruct (C1)) transmiitter when the Range was proneunced “Clear™ from any
debris that mighr resutt from o catastrophic maltimetion. What the RS0 [ailed o consider was
that with the CD transmitter tumed off. the Scout receiver, equipped with an autematic gain
control onboard the rockel. began searching lor the next strongestsignal. The next strongest
stamnal tumed out w be a radio staton broadcasting nmsic in the 1.os Angeles hasin. Baved on the
investigation. when anale voealist chunciated the consonant “p” the receiver mterpreled it as the
coded destruct signal, '
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Fable 2

DI\‘ISP L,au“ch Rcclord L

Thor-Agena D Rocket *

| DATE LAUNCH  LAUNCH | PAYLOAD | PERCENT - REMARKS
VEHICLE SITE SUCCESS
1-19-64 Thor- VALDR Two DMSE 106" - Success;
Apena ) SLC-TW Block 1 EMD 7-10-04
4 satcllites &
I L EMI) 3-17-65
n-17-64 | Thor- VAFB | Two DMSP 100% Success;
. Agena D SLC-TW Block 1. LMD 2-16-66
satcllites &

|

LMD [0-15-65

Abbreviations: DMSP — Defense Mcteorological Satellite Program: EMD — End of Mission
- Date: S1.C - Space Launch Complex: VAIB - Vandenberp Air Foree Base

* The Thor-Agena launch vehicle carnied two DMSP satellites simultancously.
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Table 3

DMSP Launch Rcc.or_d

Burner [ Rocket

DATE LAUNCH  LAUNCH | PAYLOAD | PERCENT REMARKS
‘ .\"EHICI.E SITE SLCCESS
| 1-18-65 Burner | VAFB DMSP 0%, Failed o Orhit:
| SLC-10W Block 1 Payload shroud
failed o separate
3-158-05 RBumer | VAFR DMSP S0, SUICLENS:
' SLC-10W Block 1 LMD A-15-65
5-20-63 Burner 1 VAFDR DMSP (0,60 SUCCess;
SILOC-T0W Block 3 EMD 2-16-67
9-9-65 | Burner VAFB DMSP 75% Sucuess:
SEC-10W Block 2 EMD 9-22-66
1-7-66 Bumer | VAFR DMSP ol Failed to Orbit;
S5LC-TOW Block 2 Upper stage Jailed W
1Ml
33066 Burner | VAFB | DMSP 66.6% Success:
SLC-10W Block 2

Abbreviations: IDMSP — Delense Meworological Satellite Program; EMD - Eod of Mission

LMD 3-3-68

Date: SLC ~ Space Launch Complex: VAR — Vandenberg Air Foree Base

4
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Table 4 o
DMSP Launch Record
Thor/Burner [1 Rocket, Block 4 Satellites
"DATE LAUNCH | LAUNCH | PAYLOAD | PERCENT | REMARKS
. VFHICLE | SITE SUCCESS
9-13-02 r’I'!hzsr-"'}’f}lxrnz‘:r VAFR DMSP 1 Q0% Success:
[l SLEC-10W | Block 4A EMD | [-3-6%
[T 3.%-67 | ThorBumer VAFB DMSP L Q0% Suecess:
1l SLC-10W | Block 4A LMD 5-1%-67
%-23-67 | Thor/Burner VAFB DMSPE {102, - Suciess;
B! SLOC-10W | Block 944 LMD 3-13-68
10-11-67 | ThorBumner | VAFR | DMSP 100% Success:
i SLO-10W | Block 4A EMD 6-23-6%
52368 ThorBumer | VAFR DMSP 100%, Success:
| 11 SLC-10W | Block 4B EMD 5-26-65
10-22-68 | Thor/Bumer | VAFH DMSP LO04, Sucvess:
; 11 SLC-10W | Block 413 LMD 9-19-70)
7-22-69  ThorBumer | VAFR DMSP T00%, Success;
Il | SLC-10W | Rlock 41 FMD 3-19-71

© Abbrevitions: DMSP = Defense Meteorotogical Satellite Program: FMD = Fnd of Mission
Pate: S1.C = Space Launch Complex; VAFB — Vandenberg Air Force Base

* One Additional DMSP Block 4B satellite was manufactured, bur not launched. The satellne,
also known as 4B-4. was donated 1o the Chicago Muscum of Science and Industry.

41
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Table 5

DMSP Launch Record

Thor/Burner H Rocket, Block 5A & 5B Satellites

DATFE, | LAUNCH | LAUNCH | PAYLOAD | PERCENT | REMARKS
VEHICLE | SITE | SUCCESS
2-11-70 | Thar/Burner VAFR DMSP [0, SUCCess!
: 0] SLO-T0W | Block 3A EMD 3-19-71
C9.AL7 ThorBurner VAIB DMSP L0675 - SUCCESS:
T SLC-10W | Block 54 | EMIY 2-15-T1
1 '
e e e - | - ; .
24771 ThorBumer | VAFB | DMSP 100% Success:
M 0 SLC-10W  Block SA LMY 3-3-73
" 10-14-71 » Thor/Rumer  VAFR DMSP T Success:
I SILC-10W  Rlock 3R EMD 4:27:72
3-24-72 | ThorBurner | VAFR DMSP 1 100% Success:
1 SLC-10W | Block 5383 ENVID 2-23-74
11-9-72 | ThoriBurner | VAFB DMSP 100", Suecess:
1 S1C-100 | RBlock 5B EMD 5-22-75
%-17-73 | Thor/Burasr VAI'R T DMSP L Steeess:
I SLC-10OW | Block SB | EMD 1-24-77
.. 4—??:”_4  ThorBurmer VAFR DMSP L0, - Suceess;
: Tl ' SLC-10W  Block 5B LMD 5-27-76

1 e -

Abbreviations: DMSP — Delense Moorological Sarellite Program; UMDY — End of Mission
Date: ST~ Spatee Launch Complex: VAFB - Vandenberg Air Foree Base

G en e e s o e L i
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Table 6

DMSP Launch Record
Thor/Burner Il Rocket, Block 5C & 5D1 Satellites

DATE | LAUNCH | LAUNCH | PAYLOAD | PERCENT REMARKS
VEHICLE SITE | SUCCESS
§8-9-74 | ThorBurner VAFB DMSP 100 SUCCESS:
I SLO-TOW Block 3C ' LMY 12-1-77
3-24-75 | Thor/Burner VAFB DMSP 100% ' sSuccess:
11 SLOC-10W Block 5C o EMD EE-30-77
2-19-76 | Thor/Burner VAFR DMSP 04,4 ' Faited to Orbit;
! H SLOC-10%W | Block 5C Improper fucl
! loading
f - |
9 1-Te | ThorBumer VAFB DMSP 93 ! Success:
: 11 SLO-10W | Block 3D ' : FMD 9-17-79
|
| ;
! 6-5-77 | Thor/Bumer VAFB DMSP Q3 20y | SUCLESS:
v 1 SLO-10W | Block 3DI : LMD 3-19-50
! . |
L ” |
! S-1-7% | Thor’Burner VAR IIMSP 95.5% f SUCCCss:
' ‘ n SLC-10W-| Rlock 3N ' FMD 2-28-84
6-6-79 | Thor/Bumer | VAFB DMSP 95 7%, Success:
I ST.C-10W | Block 3D i FEMD R-29:-80
| 7-15-80 | ThorBurner | VAFB DMSP | 9L7%  Failed 0 Orbit;
11 SL.C-10W | Black 3D - L Stage Failure

Abbreviations: DMSP — Defense Meteorological Satellite Propram; LMD — Lnd of Mission
Date; SL.O — Space Laanch Complex; VAFB ~ Vandenberg Air Foree Base

43
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Table 7

DMS]_’ Launch Record

A'tlas E Rocket

DATE LAUNCH | LAUNCH PAYLOAD | PERCENT REMARKS
- VEHICLE SITE SUCCESS
12-21-%2 0 Allas F YVAFB DMSP TO0" Sucress;
: SEC-3W Block 502 LMD 8-24-87
1 .
o S N R N - - |
TI-18-83 . Atlas E VAFB [IMSP 100 Success; :
SLC-3W  Block sP2 EMD 10-17-87
6-20-87 0 AtlusE | VAER DMSP 100, Success.
| SIC-3W Block SD? LMY K-13-9]
2-3-K% Atlas If VAFB DMSP 1DO% Success:
SLO-3W Block 502 EMD 2-24-92
124190 Atlas I VAIB DMSP 100" Success:
: SIC-3W  Block 5D2 LMD 2-8-95
11-25-4] Atas L VAR ' DMSP FO0% SUCCEss:
) SLC-3W . Black 502 LMD 8-30-00
! ; . l
X ! | . .
%2904 Atlas I VAFB 1 DMSP | 1002, Suecess: |
. SLC-3W Block 3D2 - LMD 4-25-47
: @,
3.24-495 Adas L VAI'B DMSP 100% - Success:
SLC-3W | Block D2 EMD NGA

Abbreviations: DMSP = Detense Mcetcorological Satcllite Program: LMD — Lnd of Mission

Date: SLC - Space Launch Complea; VAFB — Vaodenberg Air Foree Base

14
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Table 8

DMSP Launch Record |

Titan [l Rocket

LAUNCH PAYLOAD

DATE LLAUNCH
VEHICLE SIveE
407 Titan 1L VAFB |

C12-12-99

|
|
i
i
4

11-14-01

Titan H

Tivan 11

SLO-4W

VAFB
SLO-4W

" VAFR

SLC-4W

DMSP
Block 5D2

DMSP
Block D3

DMSE T

Block 3N3

PERCENT

_ SUCCESS

100

| 0,

REMARKS

Success,

LML N:A

Sucaesy;

EMD N/A

B -Pqn_lgde_d— T?;Hmal

Nate

Abbreviationy: DMSP — Delense Moteorological Satellite Program: EMD - Lnd of Mission

Date: 51.C = Space Launch Complex, VAFB = Vindenberg Air Force Base
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simiultancousiy. The resulting images thus could be overlnd,

. fhid.. pp. 290-291,

Captains Richard T Greer, JTames F. Roberts, and Calvin H. Markwood, “Bevelopment of
the Bumer Space Launch Vehicles,” Space Systans Division Awr Force Svstems Command, -
1906, Also, Geer. "Comments on the Early Years.” pp. 8-9. Officials of the Douglas
Aircraft Company that manuiactured the Thor tockets put the new launch  chicle
caombination “on the front burner.”™ Thus the nanie “burnegr (number) 1.

Ibidd. pp. 11-12:

Lir. Thaig 1o Dickover, pp. 2-3.

. “Weather Bureau Rejects Nimbus for Operational Satellite Program,”™ Aviation Feck &

Space Technolog. 7 Oct 19630 DOC/USWB-NASA Nows Release 63-2200 “NASA-
Weather Bureau Announce Nunbus Agreemcot” 4 0ct 1963, For a description o NASA™s
NRO-denved TOS, see NASA News Release 64-125, “Operational Weather Satellite Study
Compleied, Contract o be Negotiated for TIROS Opcrational System.™ 28 May 1964 for s
appearance ax an operaring weather satellite, see Tames F. W Purdont and W. Paul Menzel.
“Evolution of Satellite Observations in the Lnited States and Their Use in Meteorotogy,™ in
Jomes R. Fleming., al, Hivtorical Essavy on Meworology, {9(9-1995 (Boston: The
Dmond Anmversary 1hstory Volume of the Amenican Meteorological Society. 1996}, pp.
107-19: see also. Lir, David 8§ Johuson, US. Weather Burcau, Department of
Commerce (DOC), 0 Col. Thomas O, Hag, 29 June 1965, regarding Program 417
(DMSPY contributions o the NOMSS, :

Rpt. Mewwarcdogical Senedfite Backgronnd, HQ AWS/OP, June 1963, p. 2.

- Rpt, AFSCAAWS Ad Hoe Report on Mercorologicad Sarellite I:'rr".-g.l‘{.'ml\'. Appendix A, US,

Meteorological Sateflite Programs. 1 May 1966, p. A-13.
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- Rpt. APSCAANS Ad Hoo Report on Meworological Saretlite: Reguirenents and Svstenns.

Appendix I Use of Progron 417 Data in Military Operations. | May 1966, ppo -1 F-2

b pp. b-2 0 F-3:0 Rpu Program 417, no author indicated. 8 April 1969, p. 1oand Ry,

Pragram 1 7-Militare Metcorotogical Satellite Svstem. HQ AFSC/MSFELU, June 1966, pp.
-2

Memorandom. from Brockway McMillan, hwder Scerctary of the Air Foree. to General
dohn P MeConnell. CSAF, “Program 417 Managenent.™ 22 June 1965; preliminary
planning i’ Memo. Brockway McMillan, Undersecretary of the Air Foree, 10 Chiel ol Stafl,
USAFE. "Program 417 Program Management," 22 June 1963,

- Rpu Review of the Defense Svsrems Application Program (DSAP), Program 417, NRO

document 77R96-72, p. 35

Jotm L. MeLueas. A New Look From USAF's Weather Satcllites.” tir Force Magazine,
June 1973, pp. 64-67.

CRpl, A Review of the Defense Systems Application Program (1SAP), Propram 417,

NRO dovument 77R96-72, p. 10,

Chid, pp. 9-100 also, Rpt. Progrom 417 Mifiary Meteorological Safeliite Svstem, HQ

AFSCMSELL June 1966, p. 6,

> ohn L Kalpa, telephione intervicw witly the author, 27 July 2000,
- Geer, “Conunents on the Larly Years.” p.17

. Brighmess varies by many orders of magnitude and posed o data link capacity problem. The

user: Dlowever, wasn't as muech dnterestéd m the brightness of o scene as he was in its
althedo—irs reflectance. As Geer deseribed the solution: “We devised wosimple scheme. We
placed a sutlably shaped Tight sensor on the spacecrait w “look over s shoulder” o
determime sun (or moony llumination. What the satellite sees roughly corresponds o Uie
ilwnination on the scene below. By dividing the brightness sigmal Irom the primary eanh-
facing sensor by the brightness signak from the illumination scnsor, the albedo of the seene
i left. Since albedo only varies over one arder of magnitude (1.0 1o O, perfectly reflective to
perfectly hlack ). the [data] link problem was sobved.”™ Mhid.. p. 20,

L, James R, Blinkenship to the aathor, 23 September 2000: alsa. Geer, “Comments on
the Farly Years” p 18

- Kulpa, wlephone interview: Geer. “Conmaments on the Farly Years,” p. 19,

- Paper. “Program 417 (UL no author indicated. 8 Apr-1969, p. 30 Rpl, A Review of the

Deferve Sustemns Applivation Program (DSAP), Program 417, NRO document 77589672, p.
1.
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- Memorandum. trom Alexander Flo Flax (Assistant Secretary ol the Aur Loree), Robert AL

Frosch (Nuvy), and Charles L. Poer fArmy ). fo Jobn S. Foster. hr.. DDR&E. Subj: “Program
417,75 March 1969 ¢ ‘

- Memorandum, John S. Foster. Jro. DDR&E, 10 the Assistant Scercuarics of the Army.

Navy, and Air Foree (R&D)Y, “Program 417,729 March 1969.

- Rpld Review of the Dicfense Systenrs Appdication Program (DS4P) p. 10

36. See DMSE Launch Record. Tables 3 and 6.

40.

41,

4%,

44,

CAbid., p. 300 Paper, J. RO Blankenship and L) MoCGhinchey, “Evolution ol the Blogk S

7. loterview, Le Col. Ricbard 1+, Picinso, IYMSE Program Flement Momitor. with the author,

the Pentagon, 12 August F9R7.

- Rpt, Detense Mereorofogical Sareflite Progran, 29 January 1976, p. 2

. Lhist Directorate of Space, DCSRescarch and Devclopment, 1 July 1972-31 December

1972, p. 63: Geer, “Comments on the Early Years,™ p. 22,
Hist Air Weather Service, 1976, Vel 1. pp. 189-190,

Rpt. “Block 3120 A& Compendium.” USAF Spave and Missile Systems Organization, Juby
1975, p. 28

Spacceralt 0 Mect Changing Military Needs.” September 19749,

Block 3D, A Compendium,” pp. 36-41.

. Ahid. pp. 3243,

S Geer, Comments on the Early Years. p. 23,
v. Blunkenship and MceGlinchey, p. 30,

o Ihst, Alr Weather Service, 1976, Vol L pp. 207-209; Hist. Space and Vhissile Systemns

Organization, { January 1977-31 December 1977, Vol |, . (K2,

Lir. John D. Cunningham to the author, 1% September 2000, with comments on drafl
MIANUSCTipL. '

Hist, Space and Missile Systems Organization. | July 1973-30 June 1973, Vol 1, p. 399
Inrerview, Picanso with the author, 12 August 1987,
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Hist. Space and Missile Systerns Organization. | October 1979-30 September 1980, Vol |
pp. 212-2130 Blankenship and McGlinchey, p. 306: RCA Chart, Defense Meteorological
Sawcllite Program, n.d.. and Letter. Cunningham to the awthor. 18 Septembier 2000,

Ahist Aar Weather Service, 1979, Vol 1. pp. 192-196.

- Hist. Space and Missile Systems Organization, 1 October 1979-30 September 1980, Vol 1.

p. 2030 List. Space and Missile Systems Organiation, 1 October 1950-30 September 1981,
Vol Lp. 270

3. See, for uxzm‘n_p]c.f’\.hi. FEmie R. Dash and Maj. Walter . Myers, “The Métcorological

Satellite: An Invaluable Tool lor the Military Dectsion-Maker,” Air University Review, Yol
24, No. 3, March-April 1978, pp. 15-24,

M. RpL oA Review of the Detense Svystems Application I‘mqnm} (DSAP), Program 417 NRO

T7896-72. 1972, p. 20.

. Interview. Donald E. Welzenbach., CIA Historian, with the author, 7 Janoary 1987,

Interview. [t Col. Robert E. Peterson, Aw Weather Service Representative o NRO Stafl]
with the author, 15 October 1987 Geer, ~Comments on the Eorly Years.” p. 21

Cdhid A Review of the Defense Systems Application Program (DSAP). Program 417." pp.

H-23,

- Interview, Welzenbach with the author.

. Hist, Space and Missile Systems Organization. | October 1979-30 September 1950, Vol 1.

p. 214 Minutes. DMSP User's Working CGroup (USWG) Meeting Minutes. 2% 'ebruary
19%6 and 11 January 1987 Dircctive. "Program Managenent Directive tor DMSP.” 20
Qctober 19R86.

CRpu A Review of the Dafense Svstem Applicarions Program (1S40, Prograin 477, Table X.

DSAPITOS Cost Comparisons. p. 33 See also. Memo. 1HQ USAFRDS 10 SAERD {Dr.
tlax). "System Comparison.” 2% I'ebruary 1969, Awh 3. Cost Analysis.

National Environmenial Satellitc Data and Information Scrvice News Release, “The
National Polar-orbiling Operational Satelle Swstem (NPOESS)”™ Puhlh, Adtaies. 6 Imudr\
l‘)q‘} o I

Presidential Decision Dircetive/NSTC-2. 5 May 1994,

NESDIS News Release, 6 January 1999, p. 2,

3, i, p. 30 Alr Foree News Release. “First Satellite-Flying Unil Inactivated.”™ 12 June 199K,
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