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Foreword

From 16 January through 28 February 1991, the United States and
its allies conducted one of the most operationally successful wars in
history, a conflict in which air operations played a preeminent role.
The Gulf War Air Power Survey was commissioned on 22 August 1991
to review all aspects of air warfare in the Persian Gulf for use by the
United States Air Force, but it was not to confine itself to discussion of
that institution. The Survey has produced reports on planning, the
conduct of operations, the effects of the air campaign, command and
control, logistics, air base support, space, weapons and tactics, as well
as a chronology and a compendium of statistics on the war. It has
prepared as well a summary report and some shorter papers and as-
sembled an archive composed of paper, microfilm, and electronic re-
cords, all of which have been deposited at the Air Force Historical
Research Agency at Maxwell Air Force Base, Alabama. The Survey
was just that, an attempt to provide a comprehensive and documented
account of the war. It is not a definitive history: that will await the
passage of time and the opening of sources (Iraqi records, for example)
that were not available to Survey researchers. Nor is it a summary of
lessons learned: other organizations, including many within the Air
Force have already done that. Rather, the Survey provides an analytical
and evidentiary point of departure for future studies of the air campaign.
It concentrates on an analysis of the operational level of war in the belief
that this level of warfare is at once one of the most difficult to character-
ize and one of the most important to understand.

The Survey was directed by Dr. Eliot Cohen of Johns Hopkins
University’s School of Advanced International Studies and was staffed by
a mixture of civilian and military analysts, including retired officers from
the Army, Navy, and Marine Corps. It was divided into task forces,
most of which were run by civilians working temporarily for the Air
Force. The work produced by the Survey was examined by a distin-
guished review committee, that included scholars, retired general officers
from the Air Force, Navy, and Army, as well as former and current
senior government officials. Throughout, the Survey strived to conduct
its research in a spirit of impartiality and scholarly rigor. Its members
had as their standard the observation of Mr. Franklin D’Olier, chairman
of the United States Strategic Bombing Survey during and after the
second World War: “We wanted to burn into everybody’s souls that fact
that the survey’s responsibility . . . was to ascertain facts and to seek
truth, eliminating completely any preconceived theories or dogmas.”



The Survey attempted to create a body of data common to all of the
reports. Because one group of researchers compiled this core material
while other task forces were researching and drafting other, more nar-
rowly focused studies, it is possible that discrepancies exist among the
reports with regard to points of detail. More importantly, authors were
given discretion, within the bounds of evidence and plausibility, to inter-
pret events as they saw them. In some cases, task forces came to differ-
ing conclusions about particular aspects of this war. Such divergences
of view were expected and even desired: the Survey was intended to
serve as a point of departure for those who read its reports, and not their
analytical terminus.

In the classified version, this volume consists of two reports:
Weapons, Tactics, and Training, which focuses on Coalition as well as
Iraqi air forces and Iraqi surface-based air defenses in the Gulf War, and
Space Operations, which examines the use of space systems, mobilization
of equipment for space operations, and the role of commercial space
systems within a military context. However, because the Space report
contains such an excessive amount of classified detail that the balance
would be incomprehensible, the report is not published in the unclassified
volume.
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Introduction

This report brings together analyses of three crucial determinants of
an armed force’s overall capability:

® weapons-the tools used by the soldier, sailor, and airman,

® tactics-the ways in which the tools are used to produce desired
‘effects and,

® training-the way in which the individual soldier, sailor, and
airman acquires the skills required to combine weapons and
tactics into the operational art of warfare.

The report focuses on the impact of these three elements on the applica-
tion of air power projected by the U.S. and Coalition forces in the Gulf
War. The information and conclusions presented provide background
essential to a more complete understanding of the facts, principles, and
precepts developed and discussed in other volumes of this study.

The research to support this report was drawn from several sources.
First and foremost, the extensive operational and technical expertise of
the principal authors and contributors served as a reservoir of knowledge
and background. Their primary search for information focused on
intelligence estimates, unit reports, flight data bases, and earlier studies
pertinent to the task. Additionally, the authors interviewed Gulf War
participants from the United States and Coalition countries and obtained
volumes of supporting documents and information now resting within the
GWAPs archive. Because of time constraints and the ambitious scope of
the task, some issues and topics within this report are either addressed
only at the surface or not addressed at all. These issues are usually
identified as areas for future study.

To frame ensuing discussions and to establish a basis for comparison,
the report begins with an overview of weapons, tactics, and training
within the Iraqi armed forces. Quantitative indices and past performance
indicated that Iraq possessed a formidable military organization-a battle-
hardened force that could test the capabilities of any military power
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thrown against it. Chapter one looks beyond numbers and Iraqi propa-
ganda to examine the full range of Iraq’s weapon systems and its tactics
for employing them. The chapter continues by describing Iraqi tactics
and performance during the Iran-Iraq war and concludes with a discus-
sion of Iraqi actions and responses to Coalition air power during the Gulf
War.

Chapter two begins an in-depth look at U.S. and Coalition aircraft
and weapons used during the Gulf War. To aid the analysis, the
weapons and aircraft are grouped by mission: air-to-ground, electronic
warfare and reconnaissance, and air-to-air. This study of equipment and
systems yields an understanding of the decided advantage that the
Coalition forces possessed by virtue of their technological superiority.

Chapters three and four are a comprehensive examination of the
tactics employed by U.S. and to a lesser extent Coalition air forces.
Chapter three begins by discussing the fundamental aerial employment
tactics used in the war, with U.S. Air Force tactics as the central focus.
The chapter then addresses the capabilities required to accomplish repre-
sentative Gulf War missions ranging from ordnance delivery to air-to-air
engagements to electronic warfare. To illustrate these capabilities, a
typical mission and associated planning considerations and special re-
quirements are analyzed in detail. Next, the focus shifts to the tactics
employed to achieve specific objectives. First is a study of the way in
which Coalition aircraft attacked the core of Iraqi power. The study
discusses the opening attacks designed to not only achieve air superiority
but to strike directly at Iraq’s strategic core, paralyzing the national
leadership and neutralizing its major offensive threats. This discussion
is followed by a look at Coalition air operations designed to gain and
maintain air superiority by neutralizing the Iraqi air defense network and
eliminating the Iraqi air force as a factor in the war. The chapter con-
cludes by examining the tactics used by Coalition air forces to attack
Iraqi ground and naval forces, with particular emphasis on close air
support/battlefield air interdiction missions.

While chapter three examines the tactics that contributed to the Coali-
tion victory, chapter four highlights special systems, tactics, and issues
that made the Gulf War different from previous conflicts. Stealth and
low-observable technology, which played a key role in the outcome of

Xiv



Desert Storm, is the initial topic of discussion. Three systems used in
the Gulf War-the F-117 stealth fighter, the Tomahawk Land Attack
Missile, and the Conventional Air-Launched Cruise Missile-are discussed
in detail. The next section assesses the relative merits of mass bombing
versus those of precision-guided munitions. The capability to conduct a
twenty-four hour air war is addressed next. This analysis reveals both
improved capabilities and remaining significant limitations. The next
section of the chapter details efforts used to neutralize the threat of Iraqi
Scud missiles and describes the campaign against Scuds, from the early
effort to destroy fixed-launch sites and storage facilities to later attempts
to search out and destroy mobile Scud launchers. Chapter four
concludes by examining special operations, air refueling, tactical decep-
tion, and psychological operations from the airpower perspective.

The weapons of Desert Storm and the tactics for using them were
only part of the story. This war, like all of its predecessors, was fought
by people. For people to succeed in war, they must be well trained in
the tactics, techniques, and procedures required to use the tools of their
trade effectively. Chapter five examines training, the means through
which U.S. and, to a lesser extent, Coalition airmen learned their craft
and maintained their proficiency. The chapter addresses three essential
questions: Did the U.S. and Coalition air forces fight the way they had
been trained? Were some kinds of training more useful than others?
Were combat skills continually honed in preparing for the war, or did
they deteriorate during the five months of Desert Shield? The chapter
begins with a look at the pre-August 1990 training of combat ready
forces before deployment to Southwest Asia. It then addresses the
training accomplished during the next five months during Desert Shield.
The analysis takes into account the conflicting demands of training and
combat readiness. It concludes by discussing the training initiatives
advanced and implemented during Desert Storm to modify procedures as
the war unfolded. Appendices provide further information on aerial
definitions, psyops leaflets, and basic flight training by the Services;
recurring exercises designed to maintain combat readiness; and particular
training problems experienced by aircrews from B-52 units, Special
Operations Forces, and the Navy and Marine Corps.

The authors of this report attempted to provide an understandable
frame of reference for analyzing the air campaign in the Gulf War. The

XV



enormity of this task was complicated by the highly technical devel-
opments of recent decades that produced exceptionally capable weapons
and systems, which, in many cases, were being employed in combat for
the first time. These seemingly revolutionary technical advancements
produced the best equipped, most highly trained air power forces in the
history of the United States and perhaps the world. It is hoped that the
ensuing pages will impart to the reader a basic understanding of the
weapons, tactics, and training responsible for the airpower successes in
Desert Storm.
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Iraqi Weapons, Tactics, And Training

Overall Defense Capabilities

In the summer of 1990, the Iraqi armed forces looked very impressive
on paper. Iraq had over a million men in its regular army, fourth largest
in the world. It had a substantial inventory of reliable, technologically
sophisticated, relatively modern instruments of war. Its Army had over
5,000 tanks, 8,000 other armored vehicles, and 3,300 artillery pieces. It
had a multilayered air defense system and an air force with over 700
tactical aircraft, including some of the latest Soviet designs such as the
MIG-29 Fulcrum and SU-25 Frogfoot. Iraq had used chemical weapons
in the Iran-Iraq War and against the Kurds, and was believed to be devel-
oping nuclear weapons and the long-range missiles to deliver them.

If the Iragis performed up to the standards of their equipment, they
had the potential to give any opponent a tough fight. However, the
impressive numbers and capabilities disguised serious deficiencies. The
highly centralized command and control system needed to support the
political structure also acted to stifle the initiative of lower ranking per-
sonnel. The few pieces of new equipment overshadowed the fact that
most of the rest were old and technologically inferior to the best Western
systems. The large number of personnel under arms hid the fact that
most were poorly trained conscripts.

This chapter discusses Iraqi weapons systems and tactics. It is meant
to support the discussion of Coalition tactics and weapon systems that
follows. The chapter then describes and analyzes the Iraqi air command
and control structure, including equipment. Ground-based systems such
as surface-to-air (SAM) missiles and antiaircraft artillery will be discussed
first, followed by a discussion of aircraft and related systems. To provide
some feel for Iraqi ideas on tactical employment, the chapter discusses
Iraqgi performance in the Iran-Iraq War. It concludes with a look at Iraqi



tactics and behavior in response to the onslaught of the Coalition air
assault.

Military and Air Defense Command and Control

Two key factors drove the organization of the Iraqi armed forces.
First, it had to be centralized. As with everything else in the Iragi Gov-
ernment, supreme military authority rested solely in the hands of Saddam
Hussein. Though he had no military experience, he assumed the rank of
Marshal and wore military uniforms to underscore the fact that he was the
Commander-in-Chief. To reinforce his control of the military, Saddam
installed relatives and kinsmen in key positions and established a parallel
reporting system through Ba'ath party officers in the military units.'
Survival of the regime was the first priority of the government and the
armed forces. Iragi’s relations with its Middle Eastern neighbors was the
second factor having an impact on its military equipment and tactics.
The Israeli attack on the Osirak nuclear reactor in 1981 caused Iraq to
disperse and harden its weapons research facilities and concern itself with
attacks from the west. Similarly, the performance of its forces in the
eight-year war with Iran had precipitated major developments in its air
defense and air forces in an attempt to address that threat from the east.
In effect, Iraq faced a “two front” threat.

At the time of the Gulf War, the highly centralized military command
and control systems all led to Saddam Hussein. In order for these sys-
tems to operate properly, Saddam needed to receive an immense amount
of accurate information. Among the systems that provided this informa-
tion was a mainframe computer installed in the Iraqi Ministry of Defense
computer center. Information ran up to the Presidential Palace and
General Headquarters and down to the brigade level and improved Iraq’s
ability to plan large scale operations.> The Iraqis purchased the system

1Samir al-Khalil, Republic of Fear, Pantheon Books, 1989, p 26. For a list of
Saddam Hussein's associates in the government and military of Iraq see also Appendices
1 and 2 of Instant Empire by Simon Henderson, Mercury House, 1991.

2(S/NF/W N/NC) Iraqi Threat to U.S. Forces, Navy SPEAR, NIC 26605-018-90, 10 Dec
1990, p 1-5. This document was the source of much of the material in this section. It
was, in fact, compiled from a variety of sources, including CIA, DIA, Defense Attaches,
and Army, Navy, and Air Force weapons research facilities. It was a primary source of
information about Iraq before the Gulf War.
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to correct deficiencies noted during the Iran-Iraq war and the Iraqi intelli-
gence system was a vital element.

Iraq's air defense system was formidable. It was optimized against two
threat axes, east against Iran, and west against Israel.® Since the country's
material assets were so widely dispersed, no attempt was made to defend
them all; instead, defense of the capital was considered foremost.*

The Iraqi Army and the Iraqi Air and Air Defense Forces (IAADF)
shared responsibility for air defense. The Iraqi Army was responsible for
tactical air defense of the ground force headquarters, maneuver units, and
logistics facilities. The IAADF was in charge of strategic air defense,
which included control of Iraqgi airspace, defense of key areas, protection
of important installations and most important of all, protection of Bagh-
dad.’> IAADF organizational structure is shown below (Figure 1). Army
air defense was organized as shown in Figure 2.

The highly centralized air defense structure relied on extensive,
redundant connectivity. The Iragi Air Defense Forces (IADF) headquarters
was at Rasheed Air Base, near Baghdad. The IADF’s Air Defense Opera-
tions Center assigned air defense priorities, but did not directly control
operations within the air defense sectors. Each air defense sector had a
sector operations center (SOC), which controlled and was responsible for
all air defense within its area. Each SOC was supported by several
intercept operations centers (10Cs). Each 10C was in turn fed by a net-
work of visual and radar reporting posts. In theory, the SOCs made all
combat engagement decisions for their respective sectors, while the

3(SINF/WN) Navy SPEAR Office briefing to GWAPS, 15 May 1992.

4(S/NF/WN/NC) “Iraq as a Military Adversary (C/NF),” Central Intelligence Agency,
SNIE 2-5-90, Oct 1990.

5(S/NFIWN/NC) Iragi Threat to U.S. Forces, p 3-7.
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respective 10C controlled the use of SAMs or interceptors to carry out the
engagement. This structure is depicted in Figure 3.

Utilizing Soviet doctrine, the air defense system was designed around
KARL? a computerized Command and Control (C?) system purchased
from the French. KARI was the spine and nervous system of the Iraqi air
defense system. When functioning as advertised, KARI combined the
disparate elements of the air defense system—including early warning
radars, ground controlled intercept radars, interceptor fighters, surface-to-
air missiles, and anti-aircraft artillery—into a cohesive system responsive
to centralized direction. The technical and tactical capabilities of its
individual system components made this system a potentially serious
threat to Coalition airpower.

Initial contracts for KARI were initiated in 1974 and the system became
operational in 1987. The primary strength of the system was its sophisticated
and redundant connectivity. The system was centered in Baghdad and
covered all of Iraq. It was extended into Kuwait after the invasion.’

KARI was to provide rapid communications for air battle diagnosis
and management. To ensure the survivability of KARI, the Iraqgis installed
multiple hardened communications links. From the Soviets and from
their own experience in the Iran-Iraq War, the Iragis had learned the
tactical vulnerability of radio transmissions. To offset the vulnerability
of radio transmissions, the Iraqis connected the nodes of the system with
a network of buried fiber optic cables. For redundancy, each element of
KARI was also linked by microwave communications.’

[DELETED]

The acronym comes from Iraq spelled backwards in French.

9(S/NF/W N/NC) Iragi Threat To U.S. Forces, p 3-15. Also see (S/NF) Iraq Ground
and Air Force Doctrine, Tactics, and Operations (CINF), Defense Intelligence Agency DDB-
2600-6123-90, Feb 1990, p 115.

19(S/NF/WN/NC) Iragi Threat To U.S. Forces, pp 3-15, 3-17.



Figure 3
Iraqi Air Defense Command and Control Chart"

FIGURE DELETED

1(S/NF/WN/NC) Ibid, p 3-16.



[DELETED]"
[DELETED]"
[DELETED]* [DELETED]"
[DELETED]' [DELETED].”

Battle management was done at the SOCs. These nodes had engage-
ment authority and held sufficient information to enable the controllers
to understand the overall air situation within their sectors. The SOCs were
the critical element of the integrated battle management system.'®* [DE-
LETED]. The SOC personnel determined the best systems to engage the
targets, even the type of intercept or the number of missiles to be fired
at the intruder. [DELETED] Once decisions were made, they were
immediately passed to the affected 10Cs for ground-controlled intercept
by manned aircraft, missile or gun engagement."

Each 10C developed the air situation for its area, using input from as
many as six radar reporting posts along with voice or data reports from
observation and command posts. [DELETED]*

Information, the life blood of the 10Cs, came to them from their radar
reporting posts (RP). [DELETED] Skilled radar operators, crucial to the
operation of the RPs, had to view tracks and select likely targets.”!

12(S/NF/WN/NC) Ibid, p 3-17.

13(S/NF/WN/NC) Ibid, p 3-19.

1(S/NF/WN/NC) Ibid, p 3-20.

13(S/NF/WN) SPEAR Briefing.

18(S/NF) Iraqi Ground and Air Force Doctrine, Tactics, and Operations (C/NF), p 115.
17(S/NF/WN/NC) Iragi Threat to U.S. Forces, p 3-20.

ls(S/N~F) Iraqi Ground and Air Forces Doctrine, Tactics, and Operations (C/NF), p 115.
1%(S/NF/WN/NC) Iraqi Threat to U.S. Forces, p 3-20.

2(S/NF/WN/NC) Ibid, p 3-22.

2)(S/NF/WN/NC) Ibid, pp 3-22, 3-24.



Another older method of tracking aircraft was also an important part
of the KARI system. Observation posts (OPs) provided aural and, presum-
ably, visual tracking to the KARI system, filling in voids in radar cover-
age.? [DELETED]®

Although the 10C sub-system was efficient within its design limita-
tions, it was vulnerable to saturation. [DELETED}* [DELETED]

In summation, while the KARI system was designed to be operated by
personnel with roughly the western equivalent of a sixth grade education,
training for operators at the lower levels was still crucial. The level and
extent of initial and follow-on training programs for operators was un-
known.”® Also unknown was how much effort the Iragis invested in live
ground controlled intercept (GCI) training. [DELETED] Like other
aspects of the Iraqi defense forces the KARI system looked much better
on paper than in combat.

SAM and AAA Systems

KARI was probably the most advanced aspect of the Iraqi air defense
systern. It was able to integrate the wide variety of air defense weapons
Iraq had obtained from numerous sources around the world. The variety
of sources was a weakness in the system. Table 1 lists the Surface-to-Air
Missile (SAM) Order of Battle for Iraq in December 1990. While the num-
ber of launchers (see Table 1) was large, it was not sufficient to protect
all of Iraq. As a result, Iraq effectively established a point defense sys-
tem. Figure 4 illustrates SAM and radar coverage. Priority was given to
the areas critical to the survival of the regime. Figure 5 shows the de-
ployment of SAM systems around Baghdad, the seat of Saddam’s power,
and the site of the most critical military installations.

These SAMs were assigned to the Iraqi Air and Air Defense Force
(1AADF) and were grouped into battalions and regiments to defend priority

22(S/NF) Iraq Ground and Air Force Doctrine, Tactics, and Operations (C/NF), p 115.
23(S/NF/WN/NC) Iragi Threat to U.S. Forces, pp 3-24 and 3-38, 39.

24(S/NFIWN) CDR Fitzgerald, SPEAR Briefing, and (S/NF/WN/NC) Iragi Threat to
U.S. Forces, p 3-20.

23(S/NF/WN/NC) Iragi Threat to U.S. Forces, p 3-25.



Table 1
SAM Order of Battle For Iraq®

Type Origin Batteries [DELETED]
SA-2 Soviet
SA-3 Soviet
SA-6 Soviet
SA-8 Soviet
SA-9 Soviet [DELETED] [DELETED]
SA-13 Soviet
SA-147 Soviet
Roland French

120

areas. A senior air defense officer was charged with coordinating defense
of the area. [DELETED].2®

A problem with the Iragi SAM systems was the mix of older and
newer equipment. In some cases, the more modern SA-6 system had to
be withdrawn from the frontline army units it was designed to protect, to
replace or supplement aging SA-2 or SA-3 missile systems. Table 1 also
reveals that most of the Iraqi SAM systems were of Soviet origin. This
meant that the tactical employment, firing doctrine, and crew training
were heavily influenced by Soviet doctrine. Large numbers of antiaircraft
artillery (AAA) weapons supported the surface-to-air missile systems in
certain areas.

[DELETED]

28(SINFIWN/NC) Ibid, p U-1; GWAPS Statistical Compendium, Table 3, "Iragi Order
of Battle", Page 19.

27(S/NF) SA-14s, shoulder-fired, infrared homing missiles, and mobile Roland
systems were not organized into batteries. They were normally employed individually or
in teams.

28(S/NF/WN/NC) Ibid, p 3-71.
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Figure 4
Radar-Guided SAM and EW Radar Coverage®
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Iraqi SAM Systems

SA-2 Guideline/SA-3 GOA

The SA-2 and SA-3 systems formed the backbone of the Iraqi air
defense system. These older systems were usually supplemented by an
SA-6 battery.® The SA-2, while updated somewhat, was originally
designed to go against the B-52 and presented few problems to modern,

29(S/NF) Briefing Slide, CENTAF presentation to GWAPS Team, Shaw AFB, 9 Mar
1992. U.S. CAP and AWACs positions have been removed.

3°(S/NF') Iragi Ground and Air Forces Doctrine, Tactics, and Operations (CINF), p 115.
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fast moving, maneuverable fighter aircraft. It had a range of twenty
seven nautical miles and was designed for high-altitude targets.> The
SA-3, developed shortly after the SA-2, had a range of fourteen miles and
was designed to defeat low- to medium-altitude aircraft.”

[DELETED}* [DELETED}*

[DELETED]* [DELETED}”

SA-6 Gainful

The SA-6 was developed in the 1960s to protect maneuvering ground
units. Originally employed by the Iragis in that capacity, it was with-
drawn from frontline units during the Iran-Iraq War to protect key strate-
gic sites. The SA-6 had a range of thirteen miles and was designed to be
used mainly against very-low- to medium-altitude threats.® After the
Iran-Iraq War, many of the SA-6 batteries were returned to their ground
units, particularly the Republican Guards.

During Desert Shield, SA-6s were again placed at fixed sites defend-
ing airfields, key logistics centers, and command and control positions.
[DELETED]* SA-6 systems were also concentrated around Baghdad and
the H3 areas. [DELETED]®

32(SINF) Multi-Command Manual (McM) 3-1, Vol Il, “Threat Reference Guide and
Counter Tactics,” U.S. Air Force, 1991, pp 5-2 to 5-10. Henceforth referred to as MCM
3-1, Vol . According to this manual, the maximum range is based on a target at 500
knots.

33(S/NF) Ibid, pp 5-9 to 5-14.

34S/NF) Ibid, p 5-14.

35(S/NF/WN/NC) Iraqi Threat to U.S. Forces, pp 3-72, 3-73.
3(SINF/WN/NC) Ibid, p 3-72.

3(SINFIWN/NC) GWAPs Statistical Compendium, Table 217, “Desert Storm Coali-
tion Aircraft Attrition.”

38(S/NF) McM 3.1, Vol II, pp 5-26 to 5-37.
39(SINF/WN/NC) Iraqi Threat to U.S. Forces, p 3-13.

40(S/NF/WN/NC) GWAPS Statistical Compendium, Table 204, “Desert Storm Coali-
tion Aircraft Attrition.”
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SA-8 Gecko

The SA-8 was another tactical SAM designed to protect maneuver
units. However, most SA-8s had been incorporated into the joint defense
of strategically important areas, as had the SA-6s. The SA-8 had a
maximum range of six nautical miles. [DELETED]"

Roland

The French Roland was another short-range missile designed to
protect tactical ground units. It had a range of approximately three and
one half miles.” Approximately thirteen Roland I (clear weather) sys-
tems and one hundred Roland II (all weather) systems had been sold to
Iraq. By the beginning of the Gulf War, it appeared that most Rolands
had been incorporated into the strategic air defense system protecting
high-value targets.*?

[DELETED]* [DELETED],* [DELETED];* [DELETED].
SA-9 Gaskin/SA-13 Gopher

As Desert Storm approached, the only mounted systems organic to
Army Air Defense units apparently were the SA-9 and SA-13s. These
short-range systems used infrared seekers and could be foiled by flare
countermeasures. However, fired against an unaware target, they could be
quite effective. The SA-9 and SA-13s were usually used in conjunction
with the highly capable ZSU-23/4 AAA weapon system with its Gun Dish
radar. The ZSU-23/4 was generally considered the most lethal threat to
low-flying aircraft. [DELETED].Y

4Y(SINF) McM 3-1, Vol I, pp 5-33 to 5-37.

“Z(SINF) Ibid, pp 5-134 to 5-137.

43(SINFIWN/INC) Iragi Threat to U.S. Forces, p 3-15.
4 S/INF/WN/NC) Ibid.

45(S/NF/WN/NC) GWAPs Statistical Compendium, Table 204, “Desert Storm Coali-
tion Aircraft Attrition.”

“(S) Robert F. Dorr, Desert Storm Air War (Motor Book Intl: Osceola, NY, 1991),
p 48. [DELETED].

47(SINFIWN/NC) Iragi Threat to U.S. Forces, pp 3-80, 3-81.
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Man Portable Air Defense SAMs (Man PADS)

The Iragis had SA-14s and over 3,000 SA-7s. Both were small,
shoulder-fired, heat-seeking missiles used for close-in defense. The SA-7
(Grail) was believed to be a copy of the U.S. Redeye infrared surface-to-
air missile. The SA-7 had a range of about two-and-one-half nautical
miles and had to be fired at the heat created by an aircraft’s exhaust.*®
The SA-14 had a range of about three nautical miles and had an
improved all-aspect seeker. SA-7s and SA-14s were distributed
throughout the Iraqi Army and Air Defense Forces. Overall, infrared
surface-to-air missiles were credited with downing or damaging several
Coalition aircraft.”

Hawk

Iraqgi forces captured a number of U.S.-made Hawk SAM batteries
from the Kuwaitis. Hawk was a highly capable missile with excellent
low-altitude and ECM capabilities. Since the Iraqgis proved unable to
operate the Hawk, it was not a factor in Desert Storm, although there was
initial concern that it might be used.*

AntiAircraft Artillery (AAA)

Numerically, the most important element of the Iragi Air Defense
system was the antiaircraft artillery. Table 2 is a list of the number and
country of origin of the various AAA weapons. These 7,500 or more AAA
weapons proved to be the most effective Iraqi antiaircraft systems in both
the Iran-Iraq War and in Desert Storm. As with other Iraqi air defense
weapon systems, AAA was deployed to protect the most important strate-
gic locations. AAA systems used with co-located SAM systems presented
a formidable threat to Coalition aircraft. Some post-war evaluations of
Iraqi tactics indicated that the purpose of SAMs was not to destroy attack-
ing aircraft as much as to force Coalition aircraft to maneuver into the
AAA envelope.

“8(S/NF) McM 3-1, Vol 11, pp 5-79 1o 5-80.

49(S/INF/WN/NC) GWAPS, Statistical Compendium, Table 204, “Desert Storm Coali-
tion Aircraft Attrition.”

SO(S/NFIWNINC) Iragi Threat to U.S. Forces, p 3-76. Also see (S/NF) McM 3-1, Vol
11, pp 5-106 to 5-111.
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Table 2
AntiAircraft Artillery®

Nomenclature Country of Origin A/O 1 FEB 91
Self-Propelled
57mm, ZSU-57-2 USSR
30mm, M53/59, M53/70 Czechoslovakia [DELETED]
23mm, ZSU-23/4 USSR
(Subtotal)
Towed
130mm, KS-30 USSR
100mm, KS-19 USSR
85mm, KS-12/12A/18 USSR
57mm, Type 59 China
57mm, S-60 USSR
40mm, Bofors L-70 Switzerland [DELETED]
37mm, Type 55 China
37mm, M1939 USSR
35mm, Oerlikon Switzerland
23mm, ZU-23/2 USSR
20mm, M55 Single Yugoslavia
14.5mm, ZPU-4 USSR
14.5mm, MR-4 Romania
14.5mm, Type 56 China
14.5mm, ZPU-2 USSR/Bulgaria
(Subtotal) . 7600

Total Air Defense

Most Iraqi AAA fell into two categories: (1) the ZSU-23/2, 23mm
cannon systems, and 14.5mm heavy machine guns firing contact-fuzed or
kinetic energy rounds; and (2) larger guns firing rounds with time-
delay fuzes. Guns in the first category had high rates of fire, and rela-
tively short effective ranges, and had to achieve a direct hit to inflict
damage. As a general rule, they were used for barrage fire. Guns in the
second category fired longer range exploding shells at a slower rate of
fire. The primary damage mechanism was the collision of the fragments
from the exploding shells with the aircraft. These larger weapons were
used mainly in aimed and sector fire. The ZSU-23/4 falls into a separate

SIS/NF/WN/NC) Iragi Threat To U.S. Forces, p V-1, GWAPS Statistical
Compendium, Table 3, "Iraqi Order of Battle" p 18.

16



category. A self-propelled, four-barrelled system with an integral Gun
Dish fire control radar, it was capable of delivering a high volume of
accurate fire against individual high-speed targets.

As with surface-to-air missiles, most of the AAA systems were older
but were still potentially dangerous. While relatively unsophisticated,
many of the AAA weapons posed a significant threat by virtue of the
numbers in which they were employed. AAA batteries were frequently
located on specially constructed ten-to-thirteen-foot berms for better
coverage of low-flying aircraft. Many were located on the roofs of
buildings in cities, notably Baghdad and Kuwait City. AAA batteries in
important areas like Baghdad were connected with simple command and
control systems to receive barrage and cease fire orders. They could also
receive information about impending attacks from early warning radars.

Figure 6 shows the distribution of infrared SAM and AAA guns in Iraq.
The numbers tell the story. Even considering the age of the systems, AAA
remained a threat to Coalition aircraft flying below 15,000 feet. It was
implicated in the loss of several aircraft during the Gulf War and was
second only to infrared surface-to-air missiles in suspected downings.

The Iraqi Air Force

Another key element of the Iraqi air defense structure was the Iraqi
Air Force, which had two primary missions. First, to defend Iraq against
hostile attack, it provided interceptors to the air defense system. Second,
it performed this strategic role of conducting offensive air operations.
The Iraqi Air Force was an elite force, with the best personnel available
and some first-rate equipment, but it had problems reaching its potential.
Table 3 lists aircraft in the Iraqi Air Force.

The over 700 plus combat aircraft do not present an accurate measure of
Iraqi capability vis-a-vis their Coalition counterparts. Table 4 roughly com-
pares Iraqi aircraft with their approximate Coalition equivalents.

52The zsU-23/4 was first used in numbers in the 1973 Arab-Isracli War and proved
highly effective against low-flying jets.
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Table 3
Combat Aircraft™

Fighters/Interceptors [DELETED]
MIG-29 Fulcrum
MIG-25 Foxbat
MIG-21/F-7 Fishbed
MIG-17/F-6 Fresco/Fantan
Subtotal

{DELETED]

Ground Attack
SU-25 Frogfoot
Mirage F-1E
SU-24 Fencer [DELETED]
MIG-23 Flogger
SU-7/20/22 Fitter

Subtotal
Total Tactical Combat 728

As with other branches of the Iraqi armed forces, the Air Force
consisted of a small number of relatively new aircraft and a larger quanti-
ty of older, less capable systems. Of the interceptors, only the MIG-29
Fulcrum was fourth generation, roughly the technological equivalent of
the U.S. F-15. The MIG-25 was third generation and approximately
equivalent to the U.S. F-4. Of the ground-attack aircraft, the Su-25
Frogfoot was fourth generation; however, the most highly regarded air-
craft was the French Mirage F-1, a third-generation aircraft introduced in
the 1970s. The status of the Mirage was due less to the aircraft itself and
more to the quality of the training and the employment doctrine that
accompanied it.

Table 5 lists Iraqi fighter interceptor aircraft according to their
night/all weather capabilities.

Less than half (thirty-nine percent) of the Iraqi air defense intercep-
tors were night, all-weather capable. This percentage includes the

5"(S/NF/WN/NC) GWAPS Statistical Compendium, Table 3, “Iragi Air Order of
Battle.” Information reflecting numbers as of Jan 1991.
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Table 4

Aircraft Modernization®®

Coalition [DELETED] L’f&;:"ﬁfod el Iraq [DELETED)
F-15E Mid to MIG-29/Fulcrum
F-16 Late 1980s  gy.25/Frogfoot
F-14 SU-22/Fitter H/J/K
F-4G SU-24/Fencer
F-15C
F-117
F/A-18
A-6E
Tornado F3 [DELETED]

Tornado GR1

F-111F 1980 MIG-23/Flogger F/H

Mirage 2000 MIG-23/Flogger G

A-10 MIG-25/Foxbat E

Mirage F-1 MIG-23/Flogger E
SU-20/Fitter C/D/F
Mirage F-1E

Jaguar 1970 MIG-21/F-7/Fishbed

1960 SU-7/Fitter A

MIG-17/Fresco

3Michael J. H. Taylor, Jane's World Combat Aircraft (JANE'S Information Group,
Coulsdon: Surrey, UK), 1988. This book describes the latest modifications, on which
the ordering of this table is based. The priorities on this graph were determined by either
the aircraft’s initial operational capability (10C) or the latest update to its weapons system.
The numbers came from the GWAPS Statistical Compendium, Order of Battle Tables, for
the U.S. Coalition and Iraqi aircraft, and from various other sources for some Coalition
aircraft. The information reflects numbers as of 1 Jan 1991.
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Table §
Iragi Fighter Aircraft By Capability*

Night/All-Weather Capable Day/Visual Only Capable
Aircraft [DELETED]} Aircraft [DELETED]
MIG-29 Fulcrum MIG-21 Fishbed
Mirage F-1E MIG-23 Flogger
MIG-23 Flogger G [DELETED] [DELETED]

MIG-25 Foxbat

Note: The number of Floggers listed above differs from that in Table 3 because the
Iragis flew their Flogger F/H variant as an attack aircraft instead of in a fight-
er/interceptor role.

Mirage F-1EQ aircraft, which normally served in an attack role but could
have been highly capable in the interceptor role. The Iraqi all-weather
fighter force was not impressive in terms of its size or hardware capabilities,
particularly when compared to the over 800 all-weather Coalition fighters.

At the beginning of the Gulf War, the structure and capabilities of the
Iragi Air Force were very much a product of their experiences in the Iran-
Iraq War. During that conflict, they had recognized their deficiencies and
had attempted to rectify them by purchasing new systems. When they
attempted to destroy the Iranian Air Force on the ground at the start of
the War, the Iragi Air Force found that the Iranians had positioned most
of their aircraft in hardened shelters.” One result of this experience was
that Iraq instituted a massive air base construction and modernization
program involving twenty-four primary operating bases and thirty
dispersal fields. These new bases included nearly six-hundred hardened
aircraft shelters built to defend against a crippling first strike. The Iraqis
obtained enough state-of-the-art shelters to protect virtually their entire
tactical air force.*

56(SINF/WN/NC) GWAPS Statistical Compendium, Table 3, “Iraqi Air Order of
Battle.”

5'Ephraim Karsh, “The Iran-Iraqg War: A Military Analysis,” uiss Adelphi Papers,
Spring 1987, p 37.

38(S/NF/WN/NC) Iragi Threat to U.S. Force, p 3-49.
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In addition to the hardened aircraft shelters, Iraqi airfields themselves
were constructed to present a major challenge to any attacking force.
Multiple runways and taxiways stressed for takeoffs and landings meant
that disabling an airfield would require more than a few runway cuts. In
addition, the Iragis invested heavily in rapid runway repair equipment,
acquiring the latest technologies in graders and quick drying cement. At
the time of the invasion of Kuwait, the Iragis had a total of 96 airfields, 65
of which were permanently surfaced. Of the total, over half had a longest
runway of over 2,440 meters, and seven had longest runways of over 3,659
meters. Figure 7 shows the location of the major Iraqi air bases and de-
ployment/dispersal fields as of December 1991.

Iragi air defense was anchored by approximately 300 mostly
Soviet-built interceptors, with some French and Chinese aircraft among
the inventory. Although interceptors were stationed throughout the
country, the majority were in hardened shelters at airfields in central and
western Iraq to facilitate the protection of Baghdad.”

The best aircraft in the inventory was the MIG-29 Fulcrum; it was the
only Iraqi fighter with a look-down, shoot-down radar. [DELETED] An
all-weather fighter, the Fulcrum first entered service with Soviet forces
in 1984. [DELETED)]. This highly capable aircraft was significantly
limited by its small internal fuel load [DELETED]. Able to reach a
speed of Mach 2.35 and an altitude of 60,000 feet, the aircraft was
potentially capable of taking on Coalition fighters one-on-one. Aircraft
strengths included its turn rate, acceleration; rate of climb; all-aspect,
look-down, shoot-down radar; antiair ordnance, and its electronic
counter-countermeasures (ECCM) capability.

%(SINFIWN/NC) Ibid, pp 3-53 - 3-59.
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Figure 7
Air Defense Fighter Bases and
Probable Deployment Fields as of December 1991%

FIGURE DELETED

[DELETED].*!

(S/NF/WN/NC) Ibid, p 3-50
S1(S/NF) McM 3.1, Vol 11, p 6-18.
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The MIG-25 Foxbat was a third-generation Soviet aircraft capable of
speeds up to Mach 2.5 and able to carry four air-to-air missiles. It
became operational in 1966. Designed to intercept high-flying bombers,
the MIG-25 had little capability against low flyers. The MIG-19 Fresco
and MIG-21 Fishbed were both day, clear-weather-only fighters. They
were operational in Vietnam twenty years ago. The F-6 and F-7 were
Chinese-built versions of the MIG-19 and MIG-21 with Western avion-
ics.2 Their main contribution to an aerial engagement would have been
to add mass to the Iraqi side. It appears they were planned to be used for
point defense of strategic sites.

The quality of the pilots assigned to the Fulcrum and other air defense
fighters were considered second rate, even by Iragi standards, since the best
Iragi pilots were assigned to the Mirage F-1s. [DELETED].%

Of course, training in a Soviet air-to-air aircraft was much different
than training in its Western counterpart. Aircraft such as the F/A-18 or
F-15 are optimized for independent pilot decision making. Soviet air-to-
air fighter aircraft, on the other hand, were virtually inoperable without
the Integrated Air Defense System (IADS) supporting them. While the
Soviet system enabled the weapons to work, and work well under opti-
mum conditions, it also fundamentally shaped and ultimately limited their
capabilities in combat. A full-blown Soviet-style system relied on ground
control for identifying enemy aircraft, vectoring of friendly aircraft, and
placing friendly aircraft in position to complete the intercept. In the
Soviet system, triggering the weapon was the pilot’s most important role.
Soviet aircraft themselves were not designed for pilot visibility, long
range, loiter, or independent detection, identification, and tracking of
enemy aircraft. These were not required or desirable characteristics under
the tightly centralized Soviet system. All of these deficiencies were
present in the Iraqi air defense and air force structures.

Since ground attack was considered the most important mission of the
Iraqi Air Force, they purchased the French-built (Dassault Aviation)
Mirage F-1 and considered it to be their most effective aircraft. Although
having somewhat limited capabilities, the Mirage F-1 was an all-weather
aircraft that could perform the interceptor or ground attack role. Standard

2Frank Chadwick, “Gulf War Fact Book,” 1992, p 49.
83(S/NF/WN/NC) Iraqi Threat to U.S. Forces, p 3-63
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armament included two 30-mm DEFA 553 cannon with 135 rounds per
gun. The maximum practical external combat load was 8,188 pounds
mounted on various external racks. Possible weapons loads included
Matra Super 530 air-to-air missiles, Armat antiradar ground-attack
missiles, the AM 39 Exocet antiship missile, 500-pound bombs, or
Thomson-Brandt rockets. The Iraqi versions were capable of carrying
laser-guided weapons such as the AS.30L missile and Matra 400-kilogram
guided bomb. Maximum speed of the Mirage was Mach 2.2, and its
service ceiling was 65,600 feet. Combat radius was 265 statute miles
with maximum internal fuel, a high-low-high mission profile, and four-
teen 500-pound bombs. Carrying just one Exocet missile, the aircraft
could strike at a radius of 435 miles without refueling. In addition, the
Iragi Air Force could configure some of its Mirage F-1s to accomplish
buddy refueling.®

[DELETED].® [DELETED].%* [DELETED].

With the F-1, the Iraqis appeared to have acquired more than just an
aircraft; they were also exposed to the Western attitude towards offensive
air power. While the F-1 was not among the most modern aircraft, only
the best Iraqi pilots were selected to fly it. [DELETED].®
[DELETED].® [DELETED].®

As the Gulf War approached, the status of Iraq’s Air Force was very
much like that of the rest of the Iragi defense structure. The large
number of aircraft and some of the pilot training showed potential for a
formidable force. However, full potential was not realized because of old
equipment, overall inadequate training, and unrealistic exercises. Once
the Coalition assembled its force, Iraq was simply not in the same league.

%4 Jane’s All the World’s Aircraft, pp 68-69.
65(S/NF/WN/NC) Iraqi Threat to U.S. Forces, p 2-7.
%(S/NF) McM 3-1, Vol 11, p 6-88.

67(S/NF/WN/NC) Iragi Threat to U.S. Forces, p 3-63.
68(S/NF/WN) SPEAR Briefing.

%9(S/NF/WN/NC) Iragi Threat to U.S. Forces, p 3-64.
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An understanding of the Iraqgi attitude towards tactics and the
employment of its air force and air defense systems can be gained by
examining Iraqi behavior against a more equal opponent, Iran in the Iran-
Irag War. This is the subject of the next section.

Iraqi Tactics

A study of Iraqi behavior in the Iran-Iraq War of 1980-1988 can
foster a better understanding of the tactical employment of the equipment
discussed in the previous sections. Two overall lessons become apparent
from such a study. First, the Iragis did poorly early in that conflict,
learned from their mistakes, and as a result, improved their tactics.
Second, even the improved tactics employed against the Iranians were not
good preparation for war with the Coalition.

While the Iran-Iraq War could hardly be termed an absolute success,
at its close Iraqi forces, particularly the air forces, had demonstrated
greatly improved operational and tactical competence. The Iraqi order of
battle had increased significantly, and maintenance and ancillary services
had improved. The Iragi Air Force could often maintain a rate of 150
sorties per day, and, during the final stages of the war, were known to
have averaged as many as 240 sorties per day.”® Iraq had also moved
away from systems purchased from the Soviet Union to those purchased
from various Western suppliers.

It must be understood that even with improved equipment and tactics,
the Iragi Air Force and air defense network had an entirely different
orientation than Western forces. For the Iragi Air Force, deterrence, not
offensive combat, was the purpose of existence. During the Iran-Iraq War,
a primary function of the air forces of both countries was to prevent strate-
gic attacks. This was accomplished not through defensive capabilities, but
rather by deterrence—by their ability to threaten similar or greater destruction
on the enemy.”! An air force built to be a deterrent force behaves quite
differently than one organized and trained for offensive air superiority.

7oEphraim Karsh, p 39.

71Maj Ronald E. Bergquist, The Role of Air Power in the Iran-Irag War, (Maxwell
AFB, AL: Air University Press, 1988), p 46.
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The first requirement of a deterrent force is existence; a deterrent air
force must remain a force in being. The Iraqis did this by hardening
airfields, sheltering aircraft, building a robust air defense based on means
other than offensive counter air, and in the extreme, seeking a safe haven
for aircraft in times of threat. The Iraqi Air Force placed a constant
command emphasis on preserving aircraft, regardless of the cost to effec-
tiveness. During the Iran-Iraq War, commanders were punished for
losing aircraft, regardless of the tactical success of the mission.”

The air-to-air battles in the Iran-Iraq War were described by one
observer, who said, “In practice, the two Air Forces proved to be equally
incompetent.”™ Both sides seemed to overestimate the capability of their
adversary and had an exaggerated fear of radar-guided missiles. Iraqi
pilots generally avoided air-to-air engagements. Any engagements that
did occur were noteworthy for their lack of aggressive maneuvering. The
Iragis would normally conduct high-speed, maximum range, air-to-air
missile launches, then break off and return to their airfields.™

Iraq had conducted the initial attacks of the Iran-Iraq War and, for a
short period, retained the offensive. But, after gaining what appeared to
be Saddam Hussein’s initial goals, Iraq went on the defensive and
attempted to negotiate for its war aims. Iran responded with its own
series of offensives against Iraqi positions.”

In an attempt to convince Iran to negotiate, Iraq initiated a strategic
bombing campaign against Iranian population centers and economic
targets with an emphasis on Iran’s oil exporting capability. However, to
minimize aircraft losses, the Iragis used mostly high-altitude attacks.
While this was in keeping with their survival doctrine, it resulted in
reduced effectiveness. Occasionally, the Iraqis demonstrated some inno-
vation. [DELETED].”* [DELETED].

72Anthony H. Cordesman and Abraham R. Wagner, The Lessons of Modern War,
Volume HI: The Iran-Irag War (Boulder, CO: Westview Press, 1990), p 495.

73Ephraim Karsh, p 37.

"(S/NF/WN/NC) Iragi Threat to U.S. Forces, p 3-63.
">Ephraim Karsh, p 37.

"Cordesman and Wagner, p 209.
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During the early phases of the war, the Iragis never mastered
combined arms techniques. In conducting battlefield support, they gener-
ally used available air power in small packages without coordination with
other attacks. Similarly, they established free-fire zones for surface-to-air
missiles and anti-aircraft artillery over important strategic zones such as
Baghdad because of the difficulty they had coordinating interceptor
aircraft and ground-based air defense systems. [DELETED).”

In July 1986, a conference was held and the Iraqi leadership decided
to build forces that could seize the initiative. The group chose to expand
the Republican Guards, escalate the strategic war against Iranian oil
exports, use more poison gas, and prepare military forces capable of
attacking.” Key to these changes were efforts to improve Iraq’s air force.
Aircraft inventories were upgraded with the acquisition of better
airframes, avionics, and armaments. Fifteen new air bases with aircraft
shelters and support equipment were built. Reconnaissance capabilities
were upgraded. Modern Soviet aircraft, such as the SU-22, SU-25,
MIG-25R and MIG-29, were obtained.

Apparently spurred on by the French-trained Mirage pilots, tactical
changes accompanied the upgrading of equipment. On bombing missions
the Iraqis started to use low-altitude attacks. Precision-guided munitions
such as laser-guided bombs were used with increased accuracy.
[DELETED].

[DELETED]

"1(SINF'WN/NC) Iragi Threat to U.S. Forces, p 3-52.
"Cordesman and Wagner, pp 259-260.
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Figure 8
14 May 1988 Larak Island Strike”

FIGURE DELETED

[DELETED].®

[DELETED]

"(S/NF/WN/NC) Ibid, p D-2.
80(S/INF/WN/NC) Iraqi Threat to U.S. Forces, p D-1.
81(S/NF/WN/NC) Ibid, p 3-64.
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A weapon that did not involve tactics was considered instrumental in
ending the war. This was the Scud missile, used during the so-called
“War of the Cities.” There were actually two distinct periods; the first
“War of the Cities,” which involved only aircraft, ended in June 1985.
The second "War of the Cities” began in February 1988, once again
started by Iraq. On 27 February, after an initial exchange, Iraq used a
new weapon, the modified Scud-B called Al-Husayn. The new weapon’s
salient feature was its ability to reach Tehran; the range had been
increased to 370 miles.*> The second War of the Cities continued until
20 April 1988. By the end, Iraq had fired perhaps 200 Al-Husayns,
causing as many as 2,000 civilian casualties.*> Most importantly, for the
first time Scuds had a measurable political effect on the conduct of a war.

Overall, the air portion of the Iran-Iraq War was less intense, by an
order of magnitude in mass, tempo, and tactics, than previous air combat
in the Middle East. The Iragi air defense system was a particular
disappointment.’* Despite a large inventory of radars, interceptors, sur-
face-to-air missiles, and antiaircraft artillery, the Iraqis displayed little
ability to coordinate these air defense elements into a coherent system.
Even though faced with a large amount of Iraqi air defense equipment,
the Iranians penetrated the system virtually at will throughout the war.
The Iranians normally used the low-level techniques learned from their
one-time American mentors. Iranian air attacks were more severely
constrained by logistic difficulties and other internal problems than by the
effectiveness of the Iraqi air defense network.*

82Seth Carus and Joseph S. Bermudez, Jr., “Iraq’s Al-Husayn Missile Program,”
Jane's Soviet Intelligence Review, May 1990, p 204.

8Dilip Hiro, The Longest War: The Iran-Iraq Military Conflict, (New York:
Routledge, 1991), p 200.

8 Cordesman and Wagner, p 457.

85The Iranians had removed many of their best pilots from their air force because
they had been trained in the Unites States. Also, parts for their U.S. equipment were hard
to obtain.
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Air-to-air engagements were virtually nonexistent; neither side had
anything to gain by risking precious aircraft to deflect an insignificant
individual attack. In addition, the Iraqi Air Force appeared to be
underutilized. It claimed to have flown a total of about 400,000 sorties
during the eight year war. While surge sortie generation rates sometimes
reached one sortie per day, the wartime average equalled only about one
sortie per aircraft every three days.

The tactics employed by the Iragi Air Defense and Air Force during
the Iran-Iraq War failed to prepare them for war with the Coalition
forces. While Iraq dominated the skies for most of the Iran-Iraq War
and demonstrated a decided improvement after their reforms of 1986, it
never developed a coherent strategy for employing its air forces or the
ability to bring the entire force up to the standards displayed by the
French-trained Mirage pilots. If anything, the Iran-Iraq War may have
taught the Iraqis the wrong lesson, convincing them that they had capabil-
ities they did not in fact possess.

Desert Storm

The strategy and tactics developed for the Iran-Iraq War did not
prepare Iraq for war with the Coalition. The fury of the Coalition attack
destroyed not only structures and equipment but also Iraqi assumptions
about air power. Stealth aircraft and cruise missiles penetrated Baghdad’s
defenses virtually unscathed. Precision-guided munitions struck targets
with standards of accuracy not previously experienced by the Iragis. The
Coalition’s untested pilots were victorious over the presumably battle-
hardened Iraqi Air Force. As Coalition air attacks continued, Saddam
Hussein’s stated hope for a short air war followed by an early entry into
the real war on the ground faded. Iraqi tactics against the Coalition air
campaign fell into three areas. First were efforts to counter Coalition air
by modifying tactics, equipment use, and operational procedures. Second
were efforts to protect high-value forces and material; and third were
efforts to move the battle into the public relations arena in hopes of
fracturing the Coalition or causing it to modify its plan.
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Countering Air Power

The Coalition’s efforts to blind the Iraqi air defense network were
very effective. However, the Iraqis developed workarounds, utilized
undamaged equipment and nodes, and maintained some air defense
capability. [DELETED]. As discussed earlier, the KARI system had a
capability to expand the responsibilities of various nodes. Iragi techni-
cians appeared to have been able to develop local networks using this
expansion capability. They tied the various networks together by string-
ing combat phone lines and wire between the stations.®

[DELETED).¥

Other inputs to this backup system were from ground observers. It
appears that they had both phone lines and a simple data reporting system
at each site. The information system used by observers was very rudi-
mentary. Basically, the observer/operator passed only the information
they were capable of sending with no special training. As a Coalition air
raid proceeded inbound, other systems were used to gain additional
information. Radars associated with the Roland or SA-8 would be
brought online for short fifteen-second bursts. The intention was appar-
ently to use the radars as height-finders, to determine the altitude of
inbound aircraft. Antiaircraft artillery sites used this information to set
the fuzes on their ammunition.®

Enough information seems to have been gained through these means
to permit the Iragis to shoot missile systems at Coalition aircraft with
little or no illumination by target-tracking radars. [DELETED].¥ There
is also a possibility that Iraq used optical trackers for some of these
firings. [DELETED].

86(S/NF/WN) SPEAR Briefing.
87(SINF/WN) Ibid.
88(S/NF/WN) Ibid.
89(SINF/WN) Ibid.
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A weakness in the Iraqi air defense system was the apparent lack of
coordination between AAA sites. The Iraqis appeared unable to organize
several sites into aimed or barrage fire. While firing was random and
indiscriminate, there were still enough AAA sites in the Baghdad area to
make even this random fire dangerous.

'The Iraqis used other techniques to gain tracking information. At
night, battlefield illumination flares were used to light up an area. With
this artificial light, attacking aircraft could be tracked either visually or
with optical trackers. [DELETED].*®

After the war began, the Iragis used decoys and simulations to deceive
and foil Coalition attacks. [DELETED].”! [DELETED].** [DELETED].

Another weapon system the Iraqis protected by deception was the
Scud and its variants. One method they used was to park the missile
system under a highway viaduct. They could pull the missile out, launch
it, and then return the transporter-erector-launcher (TEL) to the safety of
the viaduct in less than five minutes-less time than Coalition aircraft
needed to target the position.”

The Iraqis seemed to believe that U.S. intelligence collection was
almost perfect. [DELETED].** [DELETED].** [DELETED].*

The Iraqis used several techniques in an effort to preserve assets from
destruction. After the Iraqis realized that their sector operation centers
were not as impregnable as thought, they removed the equipment from

%0(S/NF/WN) Ibid.

*'Mohammed Heikal, Illusions of Triumph, (Harper Collins: London, 1991), p 303.
92(S/NF) MSG 3122002 Dec 90, AFSAC Det 21, Iraq Air Force Issues— Desert Shield.
3(SINF/WN) SPEAR Briefing.

4(S/REL UK) “The Gulf War: An Iragi General Perspective,” Joint Debriefing
Center MFR, 11 Mar 1991, GWAPS Files, CHST 32-2, pp 5, 6.

95(S/NF/WN) SPEAR Briefing.
96(SIREL UK) “The Gulf War: An Iragi General Perspective,” p 5.
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the centers to areas thought to be safe from targeting. In some cases,
ammunition and weapons stocks were moved from known storage areas
to holes dug in the middle of empty fields for burial or covering with
nets. In the Kuwait Theater of Operations, tanks were dispersed, but as
the air strikes continued, more and more Iraqi tanks were camouflaged,
buried with sandbags, or covered with camouflage nets.”

While the overall performance of the Iragi Air Force in air-to-air
combat was abysmal, certain procedures were noteworthy. Aircrews
seemed very conscious of electronic warfare, and particularly, of commu-
nications security. [DELETED].*®

Although Iraqi pilots sometimes started encounters with decent setups,
the consistent and overriding tactical pattern evident in debriefs of kills
by U.S. F-15 pilots indicates a startling lack of situational awareness by
their Iraqi adversaries. In general, the Iraqi pilots shot down did not react
to radar lock-ons by Coalition fighters. They attempted very little maneu-
vering, either offensive or defensive, between the time when the air
intercept radar locked on to them and the time when they were hit by air-
to-air missiles (or, in two cases, before running into the ground).”®

There is little evidence that the Iragis believed they could go head to
head with the Coalition air forces, either tactically or operationally. As
in the Iran-Iraq War, their over-arching goal appeared to be the survival
of their more modern advanced aircraft. [DELETED].'® Initially, air-
craft were ordered stowed in hardened aircraft shelters when not actually
flying. However, the shelter-busting campaign quickly inflicted unaccept-
able loss rates. The Iraqis then used two alternatives to preserve the
aircraft. They moved aircraft away from airfields, in some cases parking
them in seemingly unsuspected places such as alongside roads, in gullies

1(S/NF/WN) SPEAR Briefing.

98(S/NF/WN) Ibid.

9(S) “33rd TFW Air-to-Air Engagements Through 21 Feb 1991.”
104 1eikal, p 304.
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covered with camoufiage nets, and in known safe areas such as residential
neighborhoods. [DELETED].'"" During the Iran-Iraq War, the Iragis had
flown their most valuable aircraft to northern Iraq beyond the reach of
Iranian air strikes. Coalition operations from Turkey in this war denied
them that option. Flying valuable aircraft to another country had to then
be considered. Iraq decided to take the chance and fly aircraft that could
avoid the Coalition fighters to Iran. [DELETED].'®

Having learned their political value during the Iran-Iraq War, the
Iragis employed Scud missiles from the very onset of hostilities. Since
the missiles were not capable of destroying high-value targets, they were
instead used to attack Coalition cohesion and national will. The most
obvious Iraqi effort, and probably Iraq’s greatest hope, was firing missiles
at Israel in hopes of drawing an Israeli reaction. If the Iraqgis could
portray the war as an Arab-Israel conflict, it was thought that countries
not directly threatened by the war such as Egypt or Syria might leave the
Coalition. There were reports that a group of Egyptian and Syrian sol-
diers in Saudi Arabia cheered when they heard that Iraq had launched its
first Scuds against Israel.'® To address the Scud problem, the United
States replied with adroit diplomacy and a heavy application of force.
They concentrated military force to find the Scuds on the firing end and
to destroy them with Patriot Missiles on the receiving end. Israel was
persuaded not to retaliate, and Coalition cohesion was maintained. Presi-
dent Mubarak of Egypt went so far as to publicly declare that it was the
inherent right of every nation to defend itself.'®

101(S/NF/WN) SPEAR Briefing.
12Heikal, p 304.

1%pid, p 13.

104bid, p 307.
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In an apparent attempt to attack a Navy ship and produce a large
number of casualties, the Iraqi Air Force launched two Mirage aircraft
armed with Exocet missiles towards the Persian Gulf. In this case, the
Iragis were not successful. With six sections of combat air patrol aircraft
in the area to choose from, two Saudi F-15’s were vectored for the attack.
One Saudi F-15 aircraft downed both Mirages.

In another attempt to attack a Navy ship, Iraq fired two Silkworm
missiles at the USS Wisconsin. One missile fell into the water, and the
other was downed by a missile from HMS Gloucester, the Wisconsin’s
British escort.

The potential threat posed by the Iraqi Air Force never went away.
Throughout the war, there remained a concern that the Iragis could launch
a large-scale air raid at a major U.S. facility. Since they did not sacrifice
their air force in this manner, some contend they husbanded these assets
to retain a strategic capability for after the war.'®

This chapter presented a cursory overview of Iraqi weapons, training,
and tactics. In the beginning, it stated that Iraq could have been a formi-
dable opponent. Closer examination, however, revealed significant defi-
ciencies in organization, training, and tactics, which rendered the Iraqi
force vulnerable. Specifically, defense of Iraqgi airspace heavily depended
on the survival and smooth functioning of the KARI system. When Coali-
tion air attacks removed this central pillar, the tactical competence of
Iraqi aircrews, gunners, and commanders could not overcome the defi-
ciency. In simple terms, the Iragi integrated air defense system crumbled.

Developed in a large part to face the Israelis after the Osirak raid of
1980, and honed against the Iranians in the Eight Year War, Iraqi air
power was no match for the Coalition force arrayed against it. The
question that remains is whether the Iraqis realized such a large disparity
existed, and if they did, what other course of action could they have
followed? The probable conclusion is that they were simply over-
whelmed before they came to realize the disparity fully. Regardiess of
the disparity, the remnants of the Iraqi air defense posed a threat to
Coalition air power to the bitter end.

105(S) c1A Brief to GWAPS, Aug 1992.
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(Above) Iraqi ZSU-23/4 (Below) lraqi T-54/55 Tank
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Aircraft and Weapons

The overwhelming tactical dominance demonstrated by Coalition air
forces in the Gulf War can be attributed in large part to superior equipment.
Stealth strike platforms, laser-guided bombs, advanced sensors, and
electronic countermeasures represent but a few areas in which the Coalition
enjoyed overwhelming advantages over Iraqi forces. This chapter describes
Coalition equipment, particularly aircraft and weapons, and highlights their
employment in the Gulf War. For convenience, aircraft and weapons are
grouped according to mission: -air-to-ground, electronic warfare and recon-
naissance, air-to-air, and special aircraft. Transport and refueling aircraft are
described in the Logistics Report. Aircraft that performed in more than one
area will be addressed under their primary mission. The chapter concludes
with a selective discussion of systems available but not used in the Gulf
War. (See also Appendix A, Definition of Aerial Missions.)

Air-to-Ground Aircraft Systems
Air-To-Ground Aircraft

F-117 Stealth Fighter: the first operational strike
platform (aircraft) designed from the outset to depend
on low observability for penetrating enemy defenses.
It was designed to passively defeat radar detection as
it penetrates dense threat environments and delivers
precision munitions from medium altitude at night.
Target identification and designation is accomplished
by means of forward-looking infrared (FLIR) and downward-looking
infrared (DLIR) systems integrated with a laser designator. This single-
seat aircraft, with its primary offensive load of two 2,000-pound GBU-27
laser-guided bombs, proved to be an exceptionally accurate bombing
platform in Operation Desert Storm. Its unrefueled radius of action with
a full offensive ordnance load was approximately 550 nautical miles. The
F-117 achieved initial operational capability in October 1983. The last
of 59 F-117s were delivered in July 1990.
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Forty-two F-117s flew 1,299 combat sorties in Desert Storm.! They
scored 1,664 direct hits with laser-guided bombs (LGBs) without suffering
battle damage.> Throughout Desert Storm, the F-117 was the weapon
system of choice for attacks on hard targets in high-threat areas,
particularly the heavily defended Baghdad area.’ In the early morning
hours of 17 January 1991, F-117s initiated attacks on Iraqi leadership,
command and control installations, and strategic air defense targets,
notably air defense sector operations centers (SOCs). During Desert
Storm, F-117s recorded 1,788 strikes covering virtually all 12 target
categories in the Automated Intelligence Installation File (AIF), and partic-
ipated in the following types of missions:*

* Suppression of Enemy Air Defense. In addition to attacking Iraqi
SOCs, interceptor operation centers (10Cs), and the Air Defense
Operations Center (ADOC), F-117s bombed SAM sites to clear a
path for B-52 strikes on the Taji industrial complex. They also
struck SAM sites interfering with F-15 and Scud combat air patrol
(CAP) missions in eastern and western Iraq.’

* Night attacks against high-value targets. The F-117 flew 1,112
strikes against key leadership, communications, and strategic air
defense assets; and nuclear, biological, and chemical warfare stor-
age and production facilities.® The F-117 also flew 219 strikes
against hardened aircraft shelters and 120 strikes against bridges.’

"The 37th TFW, based at Tonopah Test Range Air Field, Nevada, was the only unit
to operate the F-117. First used operationally during Operation Just Cause, the F-117
had only recently emerged from the “black” world when Iraq invaded Kuwait.

2(U) GWAPS Statistical Compendium, Table 94, “F-117: USAF Sorties by Mission
Type”; and (S/NF/WN/NC) GwAPS F-117 Missions Database.

*The F-117’s bombing accuracy minimized the risk of collateral damage in densely
populated areas, an important consideration.

4(U) GWAPS Statistical Compendium, Table 177, “Strikes by AIF Categories.”

S(S/NF/WN/NC) GWAPS F-117 Missions Database: One hundred and twelve strikes
were flown against Strategic Air Defense (SAD) targets and forty-nine strikes against
Surface-to-Air (SAM) targets.

6(U) GWAPS Statistical Compendium, Table 185, “Strikes by Master Target List
Categories.”

) Ibid.
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e Scud hunting. F-117s flew approximately 168 strikes against Scud-
associated targets, notably storage and maintenance facilities, produc-
tion facilities, rocket motor and rocket fuel test and production
facilities, and suspected Scud hide-sites in western Iraq.®

e  Support of ground forces. F-117s flew approximately 300 sorties
to support ground forces in the Kuwait theater of operations
(KTO), attacking Republican Guard headquarters and command
posts, communications sites, logistics targets, supply chokepoints,
and bridges.” On D+30, F-117s dropped 32 GBU-27 2,000-
pound bombs on the Iraqi fire trench network facing the 1st
Marine Division in preparation for Marine  breaching
operations.'®

Because of the difficulty of flying formation at night without lights, all
F-117 attacks were flown by single aircraft. During air refueling, F-117s
flew two-ship formations, used air-to-air Tacan and aircraft lights to join
with the tanker, and reverted to single-ship profiles after refueling. The
size and hardness of many F-117 targets meant that more than one aircraft
was required to achieve the desired effect. When this was the case,
mission planners would plan for simultaneous bomb impacts from as many
as six different aircraft, with each aircraft flying a separate run-in heading
and altitude. F-117 attacks were delivered from medium altitudes.

The F-117 can carry the full range of air-to-ground weaponry, but used
the following ordnance combinations in Desert Storm: two 2,000-pound
GBU-27s, two 2,000-pound GBU-10s, or any combination of the two."

8(S/NF/WN/NC) Ibid.

9(S/NF/W N/NC) Analysis of GWAPS F-117 Missions Database for ordnance delivered
between 28.30° to 32° north latitude and 45° to 48.30° east longitude.

10(S/NF/WN/NC) GWAPS F-117 Missions Database.

Y(S) USCENTAF Combat Plans Handout, “F-117 Standard Conventional Loads
(SCLs),” p 7-2.

41



F-111 Aardvark: a twin-engine, tactical aircraft
with a crew of two-a pilot and a weapons system
operator (WSO). Designed for long range, heavy
payloads, and low-altitude penetration in all weather
conditions using inertial navigation and terrain-
following radar, the F-111 is capable of radar bombing
from all altitudes.

Two versions of the F-111 were used in the Gulf War: the F-111E
with analog avionics and the F-111F with digital avionics. The F-111F
has improved turbofan engines and was equipped with the Pave Tack
infrared target acquisition and laser designation pod; the pod permitted
precision attacks with laser-guided bombs (LGBs) from all altitudes, day
or night. The F-111F is also equipped to deliver the infrared (IR) and
electro-optical GBU-15, a glide bomb controlled by the wso by a datalink
hook-up between the delivery aircraft and the weapon.'> ** Range and
logistic considerations dictated smaller than maximum bomb loads in
Desert Storm.'* [DELETED]."

The F-111 first flew on 20 December 1964 and achieved initial
operational capability (10C) in 1968. A total of 461 F-111s were built
between 1967 and 1976; of these, approximately 325 were in service in
1991. Salient F-111 contributions to Desert Storm included the following:

* All-weather night attacks against point and area targets to support
the strategic bombing campaign. F-111s flew 912 strikes against
targets such as airfields, aircraft, and support facilities; hardened
aircraft shelters; command, control, communications and intelli-
gence facilities; bunkers; nuclear, biological, and chemical war-

12(S) The F-111F was the only aircraft used in Desert Storm that could deliver the

GBU-15. The GBU-15 came in two versions, electro-optical for daylight use and infrared
for night. [DELETED].

BDesert Score, July 1991, p 37.

HAs explained above, heavier bomb loads cut into range and fuel margins.
[DELETED].

1S(S) USCENTAF Combat Plans Handout, “F-111 Standard Conventional Loads
(SCLs),” p 10-1.
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fare facilities; bridges; and air defense assets.'® Many of these

missions were conducted in adverse weather conditions; sortie
lengths averaged 3 hours or more. The Pave Tack FLIR system
proved particularly effective in night attacks with LGBs.

e Support of ground forces. The F-111F was used for battlefield
preparation in the KTO; its significant antiarmor missions were
known as “tank-plinking.” It flew 1,804 antiarmor strikes using
predominantly 500-pound laser-guided GBU-12s."”

e Scud hunting. F-111Fs flew sixty-nine strikes to support anti-
Scud operations, dropping laser-guided bombs on road culverts
and CBU-89 Gator mines around road culverts suspected of being
Scud hide-sites.'®

The F-111 force committed to Desert Storm flew over 2,881 sorties
without loss and struck 3,225 targets.'” F-111Fs were responsible for
forty-six percent of the LGB precision strikes in the strategic air
campaign.” The relatively long range of the F-111 was a significant
source of tactical flexibility in the air campaign: Taif-based F-111Fs
could be used in the KTO without air refueling and could attack targets in
northern Iraq without exposing the tankers to Iraqi defenses. Incirlik-
based F-111Es added flexibility by attacking targets in northern Iraq,
thereby releasing other aircraft to concentrate on targets from Baghdad
south to the KTO. On the last day of the war, two F-111Fs released
4,700-pound hard-target-penetrating, laser-guided GBU-28s against the

E.111Fs flew 757 and F-111Es flew 155 strikes. (U) GWAPS Suatistical
Compendium, Table 177, “Strikes by AIF Categories.”

17(SINF/WN/NC) Ibid.
18S/NF/WN/NC) Ibid.

"“The 64 F-111Fs based at Taif Air Base, Saudia Arabia, flew 2,423 sorties striking
2,802 targets, and the 26 F-111Es, based at Incirlik Air Base, Turkey, (part of EUCOM-
supported Operation Proven Force) flew 458 sorties striking 423 targets. (U) GWAPS
Statistical Compendium, Tables 92 and 93, “F-111E/F-111F: USAF Sorties by Mission
Type,” and Table 177, “Strikes by AIF Categories.”

20(U) GWAPS Statistical Compendium, Table 183, “Precision-Guided Munition (PGM)
Strikes by AIF Categories.”
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North Taji command bunker with apparent success.*® F-111Fs also
destroyed the oil pumping manifold off the Kuwaiti coast with electro-
optically guided GBU-15 standoff bombs.?? Iraqi forces were using the
manifold to pump oil into the Persian Gulf. During Desert Storm, the
F-111 mission-capable rate rose eight percent above peacetime levels to
eight-five percent.”

F-111s flew two-aircraft formations as the basic fighting element,
combined with other elements to form flights of four aircraft. Attack
formations (packages) against point and area targets varied in size up to
thirty-two aircraft, and many missions were flown without suppression of
enemy air defense (SEAD) assets for protection.? The aircraft used low-
altitude tactics for the first three days of Desert Storm and released
mostly precision-guided munitions against airfield complexes. After
transitioning to medium-altitude tactics, the aircraft flew in large packag-
es, used multiple attack headings, and employed altitude and time differ-
ences to avoid midair collisions; attack times were compressed to fifteen
minutes or less.”> 26

Tank-plinking missions were flown at medium altitude. They were
each armed with four GBU-12s. Tanks, hotter than the surrounding
terrain immediately after sunset, were found by using the IR Pave Tack
pod. [DELETED].¥ [DELETED].® [DELETED].

The F-111F carried 2 AIM-9s plus one of the following munition
loads during Operation Desert Storm: eight to twelve 500-pound
MK-82s, two to four 2,000-pound MK-84s, two to four 500-pound

2A description of the GBU-28 deep penetration bomb is discussed under the
“Special Purpose One-of-a-Kind Munitions” section in this report.

22b0D, Conduct of the Persian Gulf War, Annex T, April 1992, p T-70.

Bpesert Score, p 37.

24 S/NFIWN/INC) Tactical Analysis Bulletin, Volume 91-2, Jul 1991, pp 7-2 and 7-9.
25(SINF/WN/NC) Ibid.

26Attacking aircraft deconflicted in the target area (i.e., avoided midair collisions and
weapons effects of other aircraft in the attack group) by maintaining sufficient lateral or
vertical distances from other attacking aircraft or flying at set time intervals.

21(SINF/WN/NC) Tactical Analysis Bulletin, Vol 91-2, p 7-11.
28(S/NF/WN/NC) Ibid.
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GBU-12s, two to four 2,000-pound GBU-10s, two to four 2,000-pound
GBU-24s, one 4,700 b GBU-28, eight CBU-87s, eight CBU-89 Gators;
eight to twelve CBU-52s, eight to twelve CBU-58/71s; eight to twelve
MK-20 Rockeyes; or one to two 2,000-pound GBU-15s.%

F-15E Strike Eagle: a two-seat, high-
performance, supersonic, all-weather, dual-role,
air-to-air and air-to-surface fighter developed from
the F-15C air-superiority fighter. Its air-to-air
weapons are radar-guided missiles, infrared-hom-
ing missiles, and a 20-mm gun. In the air-to-
surface role, the aircraft carries Low-Altitude

Navigation and Targeting Infrared (system) for Night (LANTIRN) pods
along with guided and unguided air-to-ground munitions. [DELETED].*
During Desert Storm, the F-15E was used for the following missions:

All-weather night attacks against point and area targets to support

the strategic bombing campaign. F-15Es flew 595 strikes against
targets such as airfields, NBC storage facilities, bridges, communi-
cations facilities, and ammunition storage areas.”!

Scud Hunt. F-15Es flew 391 anti-Scud sorties.> The aircraft

worked with the Airborne Warning and Control System (AWACS),
used FLIR to find suspected Scuds and launchers in the western
Scud boxes (see “The Scud Hunt” section in Chapter 4 of this
report), and launched primarily LGBs against Scud targets.

Support of ground forces. F-15Es flew 949 strikes and primarily

delivered GBU-12 LGBs during “tank-plinking” operations against
armored vehicles in the KT0.%

2(S) USCENTAF Combat Plans Handout, “F-111 Standard Conventional Loads
(SCLs),” p 10-1.

30(S) USCENTAE Combat Plans Handout, “F-15E Standard Conventional Loads
(SCLs),” p 9-6.

31(U) GWAPS Statistical Compendium, Table 177, “Strikes by AIF Categories.”
2) Ibid.
BW) mwid.
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The two F-15E squadrons that flew in Desert Shield and Desert Storm
had attained operational readiness only shortly before deployment. LANTIRN
operational test and evaluation was not completed and was continued in
theater.  Testing of the targeting pods, which were shipped after
deployment, was also completed in theater. The targeting pods proved
valuable for designating targets for LGBs, locating targets, and providing
real-time bomb damage assessment. The Desert Storm Strike Eagle force
consisted of forty-eight F-15Es based at Al-Kharj, Saudi Arabia.

F-15Es flew 2,172 sorties, striking 2,124 targets in Iraq and Kuwait
as part of the air assaults of Operation Desert Storm.>* Average sortie
length was 3.27 hours. The two squadrons flew 40-60 sorties a night
with a mission-capable rate of 85.9 percent. The aircraft proved reliable
and flexible enough to carry out precision attacks, maritime surveillance,
and close air support. In one case, an F-15E shot down an Iraqi
helicopter with a GBU-10 laser-guided bomb. Low-level attacks were
initially flown at approximately 540 knots (Mach 0.85), but later attacks
were delivered from medium aititude. Two F-15E aircraft were lost
during combat.*

Salient F-15E tactical issues include the following: Initially, aircraft
used time intervals to deconflict in the target area and flew “pop-up”
maneuvers against targets such as the H-2 Airfield in Iraq. The first night
low-altitude ingress and air-interdiction missions had been practiced exten-
sively before Desert Shield. For these missions, terrain-following radar
(TFR) was set at an altitude of 200 feet. Aircrews flew with the navigation
mode selected so that their radar altimeter would display current altitude.
These procedures allowed the aircrews to fly manualily at 500 to 1,000 feet
above the ground but prepared for 200-foot operation if necessary.*
Transitioning to medium altitude presented a problem in determining
accurate weapon biases for unguided ordnance. F-15Es had only six

34(U) GWAPS Statistical Compendium, Tables 97, “F-15E: USAF Sorties by Mission
Type,” and 177, “Strikes by AIF Categories.”

3Desert Score, p 45.

36(U) TFR was tied into the avionics and flight control system and flew the aircraft
at a preset altitude (SCP) when placed in an auto mode. When aircraft flew below this
preset altitude, a fly-up occurred until acknowledged by the pilot. By setting a SCP at an
altitude below what was manually flown, aircrews gave themselves this fly-up protection,
if needed. (S/NF/WN/NC) Tactical Analysis Bulletin, Vol 91-2, p 3-3.
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operational laser targeting pods and used buddy lase tactics on many
medium-altitude missions. F-15E aircrews also used their synthetic aper-
ture radar to identify targets.”’ Once the target was identified on radar, the
WSO would transition to the FLIR to find, track, lase the intended target, and
record bomb damage assessment (BDA). The F-15E carried 500 rounds of
20-mm ammunition and four AIM-9s plus one of the following optional
munitions loads during Desert Storm: six to twelve MK-82s, four MK-84s,
eight GBU-12s, four GBU-10s, six CBU-87s, six CBU-89 Gators, six to
twelve CBU-52s, six to twelve CBU-58/71s, or six MK-20 Rockeyes.*®

F-16 Fighting Falcon: a multirole, single-
seat fighter. Highly maneuverable, the F-16 has
both air-to-air and air-to-surface capability.
[DELETED].* Newer models of the F-16 are
equipped with LANTIRN and Global Positioning
System (GPS) equipment. The first F-16 flight
was in early 1974 and initial operational capability occurred in 1979.
Over 3,000 had been ordered or produced at the time of Desert Storm,
and the F-16 had been widely exported.

F-16s flew mostly daytime and some night missions against all types
of targets. The following lists some of these missions:

e Day visual attacks against point and area targets to support the
strategic bombing campaign. F-16s flew 2,912 sorties hitting
targets such as NBC storage facilities, bridges, ammunition storage
areas, communications facilities, surface-to-air sites, oil refineries,
Republican Guard headquarters buildings, and airfield facilities.®
Visual deliveries were the preferred mode of operation with
nonprecision munitions from medium altitude.

3 DELETED].

32;(S) USCENTAF Combat Plans Handout, “F-15E Standard Conventional Loads
(sCLs),” p 9-1.

39(S) USCENTAF Combat Plans Handout, “F-16 Standard conventional Load (SCLs),”
p 8-1.

Uy GwAPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”

47



e Scud hunting. F-16s flew 421 strikes to support the Scud hunt
in the eastern Scud kill boxes.* GPS/LANTIRN-equipped aircraft
carrying cluster munitions were the optimum configuration for
anti-Scud operations.

*  Support of ground forces. Armed with AGM-65 Mavericks and non-
precision munitions, F-16s flew 8,258 strikes against ground forces.®

e Killer Scouts. F-16s also flew daylight armed reconnaissance
strikes in kill boxes and coordinated air strikes.** Killer Scouts,
as they were called, provided target type and location updates as
well as threat status and position information on friendly aircraft.
The. intent was to locate and identify assigned targets within an
area of operations and coordinate incoming attacks against the
targets before they could change position.

Since more F-16s (248) were deployed to Operation Desert Storm
than any other U.S. fighter aircraft, they flew the most sorties.* Most of
the F-16s were day-only attack aircraft, except for two squadrons
equipped with LANTIRN navigational pods for flying night attack sorties.
Also, 12 of the F-16s based in Turkey fired the high-speed antiradiation
missile (HARM).

During Desert Storm, the F-16A/Cs flew 13,087 sorties, striking
11,698 targets in Iraq and Kuwait.*> ¥ Their principal weapons were
nonprecision bombs and AGM-65 Maverick missiles. The average time
for each sortie was 3.24 hours,* and mission-capable rates were high at

YUy wid.
2U) Ibid.

“For command and control of aircraft attacking ground targets, CENTAF had divided
the Kuwait theater into 30- by 30-nautical mile zones, or “kill boxes.”

“*There were 212 F-16s in the CENTCOM AOR and 36 at Incirlik AB, Turkey, as part
of the Proven Force.

45(U) GwAPs Statistical Compendium, Tables 98, “F-16: USAF and Bahrain Sorties
by Mission Type,” and 177, “Strikes by AIF Categories.”

46(U) Bahrain also flew 166 F-16 OCA/DCA sorties during Desert Storm. GWAPS
Statistical Compendium, Table 98, “F-16: USAF and Bahrain Sorties by Mission Type.”

Desert Score, p 48.
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88.8 percent. Eight F-16s were lost during the 7-week war; 3 in combat
and 5 in noncombat accidents.*®

Salient F-16 tactical issues include the following: During the air
campaign, F-16s used a two-aircraft formation as the basic fighting
element. This element combined with other elements to form flights of
four aircraft. The flights of four then joined other flights, and on one
occasion, fifty-six F-16s were used in a single strike package.* In the
early stages of the campaign, large packages were routine, but as air
supremacy was gained and targeting priorities changed, F-16s flew small-
er squadron-size (twenty-four aircraft) packages with better results. Air
Force Reserve, Air National Guard, and Regular Air Force crews flew the
F-16s in Desert Storm.

F-16s had an internal 20-mm M61 Vulcan cannon. Some Air
National Guard F-16As had 30-mm, 4-barrel Gatling cannons. F-16s also
had six wing pylons for external stores and two tip rails for air-to-air
missiles. [DELETED].® The F-16 carried two AIM-9s and 500 rounds
of 20-mm armor-piercing incendiary high explosives ammunition plus one
of the following munitions loads during Operation Desert Storm: four to
six MK-82s, two MK-84s, four CBU-52/58/71s, four CBU-87s, four
CBU-89 Gators, or two to four AGM-65 Maverick.!

“8(U) GwAPs Statistical Compendium, Table 207, “Desert Storm Coalition Aircraft
Attrition.”

“*On 19 January, 56 F-16s attacked the Baghdad Nuclear Research Center in the
largest single raid of the war. Conduct of the Persian Gulf War, p T-65.

ODesert Score, p 48.
31(S) USCENTAF Combat Plans Handout, “F-16 Standard Conventional Loads (SCLs),”
p 8-1.
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B-52 Stratofortress: (nicknamed “BUFF” for Big,

Ugly, Flying Fellow) a long-range, heavy bomber

capable of flying at high subsonic speeds at altitudes

up to 50,000 feet. The B-52 first flew on 15 April

1952 and attained initial operational capability in June

1955. Seven hundred and forty-four aircraft were

produced through October 1962. Numerous modifica-

tions had been made to the B-52, including the new

Offensive Avionics System® and improvements in electronic countermea-

sures. In all, 41 B-52Gs were modified with improved conventional

capabilities. The aircraft carries a full range of conventional munitions

internally and externally along with conventional air-launched cruise
missiles (CALCMs) for standoff operations.

As the air campaign evolved, the B-52 force grew to 68 B-52Gs,
which flew out of Barksdale in Louisiana, Wurtsmith in Michigan, Saudi
Arabia, Diego Garcia in the Indian Ocean, RAF Fairford in Great Britain,
and Moron de la Frontera in southern Spain.*® In all, B-52s flew 1,741
sorties for 15,269 combat hours during Operation Desert Storm.>* B-52s
dropped ordnance on both strategic and tactical targets and were
important for psychological operations. The following are representative
examples of B-52 missions in Desert Storm:

e Seven B-52s from Barksdale AFB, Louisiana, carried CALCMs and
launched before H-Hour. Aircraft carrying out these round-trip
sorties flew a total distance of over 14,000 miles and remained
aloft for over 35 hours—completing the longest combat missions
in history and the first combat employment of CALCM. In the
early hours of Desert Storm, the B-52s launched 35 CALCMs
programmed to attack 8 targets, including military com-
munications sites and power generation/transmission facilities.

32264 B-52G and B-52H aircraft were refitted with the digital, solid-state Offensive
Avionics System (0AS) from 1980 to 1986. Desert Score, p 54.

3Sorties flown from Wurtsmith AFB, ML

S"(U) GWAPS Statistical Compendium, Table 108, “B-52: USAF Sorties by Mission
Type.” Also, (S) Maj John Masotti, Operations Desert Shield and Desert Storm Bomber
Story, Hq SAC/DOBX, 18 Sep 91, p 50.
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¢ Night low-level operations against strategic targets continued
through the third day of Operation Desert Storm. After striking
the Uwayjah petroleum refineries during the air campaign’s third
night, a B-52G apparently was hit by a missile or antiaircraft
artillery, but the aircraft returned safely to its base.”® After the
third night, all B-52 missions were conducted at high altitude.

e B-52s flew ninety-nine offensive counterair strikes against
airfields, aircraft on the ground, and airfield-supporting infrastruc-
ture, using general-purpose bombs and cluster bomb units.*
Thirteen B-52s launched in the opening attack, using mixed loads
of weapons (UK-1000s, CBU-58s, and CBU-89s).”’ One B-52
sustained minor damage when it was hit leaving the target area,
but there were no casualties.

e B-52s flew 303 strikes against strategic targets (industrial
facilities, command, control, and communications (C*) facilities,
nuclear/chemical/biological facilities, and short-range ballistic
missiles); interdiction targets including fixed installations such as
petroleum, oil and lubricant storage facilities, and railroads.®
Most raids were conducted at high altitude with weapons em-
ployed using radar deliveries.

e B-52s, using a variety of general-purpose bombs and cluster
munitions, flew 1,175 strikes against Republican Guard, armor, and
mechanized and infantry units in the KT0.* The B-52’s large bomb
load and area coverage rendered it most effective in this role.

B-52s generally flew in threes and were most useful for attacking
area targets. Its outstanding characteristic was its ability to fly large
bomb loads great distances without refueling, freeing tankers for other
missions. B-52s were not sent into the highest threat areas and were
always used in conjunction with Wild Weasels and/or CAP aircraft in

35(S) Masotti, p 30.

58(U) GwAPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”
57(S) Masotti, pp 29, 30.

8(U) GwAPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”
35(SINFIWN/NC) Ibid.
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areas where a significant threat remained. Despite the B-52’s advanced
age, few of its missions had to be aborted, and its overall mission-capable
rate averaged 86.2 percent.® The B-52 flew 1,741 sorties without a
combat loss.

As in Vietnam, the effect of B-52s on Iragi material and morale was
debated in the absence of definitive evidence. Although B-52s only com-
prised 3 percent of the total combat aircraft, they dropped 72,000 bombs
weighing a total of 27,000 tons, which amounted to approximately 30
percent of all U.S. tonnage dropped.®’ -Because of a lack of precision
capability, bombing was directed at area targets such as chemical storage
sites, factories, and supply depots in northern Iraq. Raids against the Re-
publican Guards began on Day 1 and continued throughout the campaign.
The B-52 can carry approximately 70,000 pounds of ordnance internally and
externally. Defensive armament included 4 50-caliber machine guns, chaff,
and flares. [DELETED].#

A-10 Thunderbolt II (Warthog): the first
Air Force aircraft specifically designed for close
air support (CAS) of ground forces. Designed
around the GAU-8 gun, it is intended for use
against tanks and other armored vehicles.”® The
A-10 has excellent maneuverability and better
survivability in its CAS role than previous aircraft.
Its weapons delivery system includes a heads-up
display, a Pave Penny laser tracking pod, and the GAU-8/A Avenger 30-
mm seven-barrel Gatling-type cannon. The gun fires inert-depleted-
uranium armor-piercing projectiles capable of penetrating medium and
heavy tanks. It can also fire high-explosive ammunition, which is ex-
tremely effective against trucks and other soft targets. The GAU-8/A has
a cyclic rate of fire of 3,900 rounds per minute.

0(S/NF/WN/RD) History of the Strategic Air Command, Volume I, 1 Jan-31 Dec
90, p 497.

8! Conduct of the Persian Gulf War, p T-27.

62(S) USCENTAF Combat Plans Handout, “B-52 Standard Conventional Loads (SCLs),
p 12-1.

%>The World War Il-era Soviet 11-2 Sturmovik ground-attack aircraft and the more
recent SU-25 Frogfoot were designed for a similar mission.
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The A-10 first flew on 10 May 1972 and achieved initial operational
capability in 1977. Seven hundred and seven production and six
preproduction aircraft were delivered before production ceased in 1984.
[DELETED].*

Both regular Air Force and Air National Guard units operated A-10s
in Desert Storm. A total of 132 A-10s and 12 OA-10s deployed to Saudi
Arabia during Operation Desert Shield. All A-10s were based at King
Fahd International Airport and used King Kahlid Military City (KKMC) as
a forward operating location. In addition to its traditional CAS mission,
the A-10 was used for the following missions in Desert Storm:

e A-10s flew 175 strikes during an offensive counterair (OCA) effort
focused primarily on destroying electronic warfare and ground
control intercept sites during the first few days of the air campaign.®

* A-10s flew forty-nine strikes during missions to suppress enemy
air defenses; sometimes they were teamed with F-4Gs to attack
fixed SA-2/3/6 sites.%

* A-10s flew 3,367 day and night strikes against Iraqi artillery and
armor units.”” The weapons of choice were AGM-65 Mavericks
and its internal 30-mm cannon.

e A-10s flew 135 strikes on Scud CAP and anti-Scud armed
reconnaissance missions.%

s Aircraft designated for CAs and search and rescue (SAR) missions
were continuously on alert from the beginning of the war. In one
case, A-10s escorted a Special Operations Forces (SOF) combat

M(S) USCENTAF Combat Plans Handout, ““A-10 Standard Conventional Loads (SCLs),
pp 11-1, 11-2.

85(U) GwaPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”
) Ibid.
SU) Ibid.
) Ibid.
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search and rescue helicopter to retrieve a downed F-14 pilot and
destroyed an Iraqi radio intercept truck searching for the pilot.%

e  (OA-10s flew 656 missions as dedicated forward air control (FAC)
assets providing airborne control of CAS aircraft.”

The A-10 was used primarily as a day CAS/attack aircraft; it could
carry a large weapons load and loiter for long periods in the target area.
Its relatively long loiter time made the A-10 useful for “look and see”
types of missions such as Scud hunting. But, its slower speed and long
loiter time over the battlefield also made it susceptible to enemy fire. In
fact, fifty-one aircraft were damaged during missions in Desert Storm; of
these, fourteen apparently were damaged in combat.”! Ten of the fourteen
A-10s damaged were returned to action within a day, and all but one flew
again during the war. Nevertheless, six aircraft were combat lost (four
A-10s and two OA-10s).

One of the six A-10 squadrons deployed to the AOR operated
exclusively at night using the infrared video of the AGM-65D Maverick
missile as a “poor man’s FLIR”. The Maverick’s infrared seeker became
a search tool for targets not only for the missile but for other weapons.
A-10s fired 4,801 Maverick missiles,”? which was more than 90 percent
of the Mavericks fired by Air Force aircraft. The 30-mm cannon also
proved effective against a variety of targets, including two helicopters
shot down over Kuwait. A-10s were also used extensively early in the
war for taking out the border early-warning radars to deny as much
information as possible to the Iraqgis. If the Iraqi army had ever moved
south, the A-10, along with the AV-8 and F/A-18, was considered the
primary weapon system for stopping that advance. When preparation for
the ground war began, most A-10 sorties were directed against Iraqi
armored and unarmored vehicles. In all, A-10s flew 8,084 sorties, strik-

% Conduct of the Persian Gulf War, p T-10.

Uy GWAPs Statistical Compendium, Table 129, “OA-10: USAF Sorties by Mission
Tym.’!

"1(U) GWAPS Statistical Compendium, Table 207, “Desert Storm Coalition Aircraft
Attrition.”

"Conduct of the Persian Gulf War, p T-11.
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ing 6,834 targets; 1,041 sorties were identified as CAS missions.”” The
aircraft averaged 2.37 hours per flight™ and had a mission-capable rate
of 87.7 percent.

Salient A-10 tactical issues include the following: Tactical em-
ployment tended to be two rather than four aircraft. Two-ship formations
ingressed at altitudes between 15,000 and 20,000 feet in line-abreast,
wedge, or trail formation. Some aircraft released their ordnance first to
allow for greater maneuverability and to regain energy, and then used
their gun against targets, threats permitting. Almost all two-ship forma-
tion tactics flew one flight member to maintain a high, cover position
while the other released ordnance; then the aircraft reversed roles.”

The Iragi army provided a tremendous target array. Pilots acquired
targets easily, but target identification—discriminating a tank or self-
propelled artillery piece from a truck—proved a constant challenge. When
engaging an armored or mechanized position, some flights made medium-
altitude gun and/or reconnaissance passes, dropping from 15,000 feet to
5,000-8,000 feet to attempt to distinguish revetted trucks from revetted
armor. Photos, when provided, helped the pilot identify the position of
his intended target. Some pilots used binoculars to assist in target
identification; others remarked that the magnification was too little or that
the plane vibrated excessively. The A-10 pilot almost always visually
acquired the desired priority target and used either a precision munition
or area weapon to destroy it.’®

In addition to its GAU-8/A’s 1,170 rounds of 30-mm high-explosive
or armor-piercing ammunition, the A-10 could use 11 external points for
carrying most conventional munitions.”

73(U) GWAPS Statistical Compendium, Table 85, “A-10: USAF Sorties by Mission
. Type,” and Table 177, “Strikes by AIF Categories.”

"Desert Score, p 20.
"(SINF/WN/NC) Tactical Analysis Bulletin, Vol 91-2, p 6-8.
"5(SINF/WN/NC) Ibid, p 6-9.

T(S) USCENTAF Combat Plans Handout, “A-10 Standard conventional Loads (SCLs),”
pp 11-1, 11-2.
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AC-130A/H Spectre. Discussed later in a section entitled, “Special
Aircraft.”

A-GE Intruder: a carrier- and land-based, long-
range, subsonic attack aircraft capable of accurate
weapon delivery during day, night, and all-weather
conditions. First flown in 1963, the A-6 achieved
initial operational capability in 1965. All A-6 aircraft
used by the Navy and Marine Corps in the Gulf War
were A-6Es with an improved radar and digital avion-
ics. Additionally, all aircraft were equipped with a Target Recognition
and Acquisition Multisensor (TRAM) System, which gave the aircraft a
FLIR sensor, a combination laser designator/range finder, and a laser
designation receiver. Two Navy A-6 squadrons were also equipped with
the Systems Weapons Improvement Program (SWIP) upgrade, which in
addition to bringing all avionics to state-of-the-art, allowed the aircraft to
fire HARM, Standoff Land-Attack Missile (SLAM), and Maverick missiles.

A-6s flew 5,619 sorties striking 2,617 targets in Operation Desert
Storm.”® Their missions included:

* All-weather and night attacks using radar and FLIR deliveries
against point and area targets to support the strategic bombing
campaign. A-6’s flew 156 strikes and hit targets such as ammu-
nition storage, oil terminals, C* facilities, and power plants.”

*  A-6s flew 221 strikes on suppression of enemy air defense (SEAD)
missions against SOCs and airfields.*® The swiP Squadron fired
HARM missiles to suppress enemy radars and also launched
tactical air-launched decoys (TALDs) to further confuse Iraqi
defensive measures.

78(U) GWAPS Statistical Compendium, Tables 83, “A-6: USN and USMC sorties by
Mission Type,” and 177, “Strikes by AIF Categories.”

(U) GWAPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”
0 Ibid.
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Support of Ground Forces. The A-6 flew 1,610 strikes against
targets such as bridges, ammo storage areas, railroad yards, and
armor.®!

Directed by both the Joint Force Air Component Commander
(JFACC) and the Anti-Surface Unit Warfare Commander (ASUWC)
of the Naval Battle force, the A-6 flew 183 strikes against naval
and coastal defense targets such as port facilities, individual ships
and boats, and Silkworm shore-based antiship missile sites.®
These missions often involved a weapons load of a 1,000-pound
MK-83 laser-guided bomb and two Rockeyes.

SWIP A-6s launched the first combat deliveries of the SLAM, and
seven SLAMs were fired during the Gulf War.

Before the war, A-6 crews normally trained for low-level (below
1,000 feet) penetration and attack. After initial low-level strikes encoun-
tered intense antiaircraft defenses, most A-6s attacked from above 10,000
feet and used either a level or a shallow dive delivery. Initial target
acquisition was accomplished with the radar with a handoff to the FLIR.
About one-third of the strike missions were radar deliveries when weath-
er, smoke, or haze precluded FLIR acquisition of the target.

The A-6 carried a wide range of weapon loads in Desert Storm,
including the following; eight to twelve MK-82s, eight to twelve MK-20
Rockeye (APAMs), six MK-83’s, two to four GBU-10s, two GBU-16s, or
two to four MK-84s.%

F/A-18A/C Hornet: a single-seat, twin-
engine, high-performance, multimission tactical
aircraft operated by the U.S. Navy and Marine
Corps. Its first flight was in 1978 and initial
operational capability was achieved in 1983. By
Desert Storm, some 900 F/A-18s had been deliv-
ered to U.S. and international customers.

$1V) Ibid.
82Uy id.
83 Conduct of the Persian Gulf War, p T-6.
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During the initial hours of Desert Storm, 89 Navy and 72 Marine
Corps F/A-18s conducted both defense suppression and strike missions
against Iragi targets.* The Navy Hornets flew 4,449 sorties and the Ma-
rine Corps’ F/A-18s flew 4,936 sorties resulting in a reported combined
total of 4,551 strikes against targets during Operation Desert Storm.*
[DELETED).%

Twenty-six Canadian CF-18s were deployed from Lahr in Germany
to the Persian Gulf. The CF-18s conducted their first offensive mission,
an antiradar sweep of hostile airspace ahead of U.S. attack aircraft, on 24
January 1991.%7 A majority of their 961 sorties were DCA missions, and
they also struck targets during the 100-hour ground war.®

The Hornet performed air-to-air and air-to-surface missions. In its
air-to-air role, the F/A-18 projected tactical air over land and sea and
complemented fleet air defense. Its primary attack missions were inter-
diction, CAS, defense suppression, and attacks against land and seaborne
targets. The following F/A-18 missions were flown in Desert Storm:

» Homets flew 157 strikes during SEAD missions.* Normal
mission load consisted of two AIM-9s, two AIM-7s, 20-mm
cannon, and two AGM-88 HARMs.

e F/A-18s flew 217 strikes on airfields during OCA missions.”
Typical loads for these missions were two AIM-9s, one AIM-7,
20-mm cannon, and either five MK-83s or two MK-84s, along
with a FLIR pod. Typical target attacks were made from a 30-

%4 The Navy Homets flew from carriers in the Persian Gulf and Red Sea, and the
Marine Hornets were based at Shaikh Isa in Bahrain.

8(U) GwAPs Statistical Compendium, Tables 89, “F/A-18: USN and USMC Sorties
by Mission Type,” and 177, “Strikes by AIF Categories.”

86Royal Saudi Air Force Systems Analysis, “The Gulf War, A History and Summary
of Events,” p 179.

8 Desert Score, p 33.

88(U) GWAPs Statistical Compendium, Table 88, “CF-18: Canada Sorties by Mission
Type.”

89(U) GWAPS Statistical Compendium, Table 177, “Strikes by AIF Categories.”

0U) Ibid.
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degree or greater dive angle beginning at an altitude of 30,000 to
35,000 feet, with release between 20,000 and 10,000 feet and
airspeed around 480 to 540 knots.”!

e F-18s also flew 2,129 defensive counterair (DCA) escort sorties.”
The F/A-18’s typical load for these missions comprised two AIM-
9s, one AIM-7, a 20-mm cannon, and, occasionally, a HARM.

The F/A-18 Hornet dropped more than 17,500 tons of ordnance
against a variety of targets. Its multimission capability was demonstrated
on 17 January when a flight of four F/A-18s encountered two Iraqi
MIG-21s about 35 miles from their target. The F/A-18s acquired, identi-
fied, and destroyed the two MiGs, then shifted to an air-to-ground role and
dropped their MK-84s. This was the only such incident in the Gulf War.
During Desert Storm, 3 Marine F/A-18s were damaged by surface-to-air
missiles and 1 by antiaircraft artillery; all returned to base and flew again
within 36 hours. One Navy F/A-18 was lost in combat.”

The F/A-18 carried ordnance on nine external stations including two
wingtip stations for AIM-9 Sidewinders; two outboard wing stations for
an assortment of air-to-air and air-to-ground weapons, including AIM-7s,
AIM-9s, AGM-84 Harpoons, AGM-88 HARMs, and AGM-65 Mavericks;
two inboard wing stations for external fuel tanks or air-to-ground weap-
ons; two nacelle fuselage stations for either AIM-7s, a Laser Detector
Tracker Strike Camera, a targeting FLIR, or a navigation FLIR; and a
center station for a fuel tank or air-to-ground weapons. Air-to-ground
weaponry included laser-guided GBU-10/12s, MK-80 series general-
purpose bombs, cluster bombs, and a M61 20-mm six-barrel gun with
540 rounds of ammunition.*

1 Conduct of the Persian Gulf War, p T-T8.

2The U.S. Navy flew 1,436 and Canada 693 defensive counterair sorties.
(U) GWAPS Statistical Compendium, Tables 88, “CF-18: Canada Sorties by Mission
Type,” and 89, “F/A-18: USN and USMC Sorties by Mission Type.”

93Conduct of the Persian Gulf War, p T-78.
bid.
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AV-8B Harrier: a Marine Corps short-
takeoff and vertical-landing attack aircraft. Its
attack avionics system uses a nose-mounted angle-
rate bombing set, which has a TV/laser target
seeker and tracker, but can not self-designate for
laser-guided munitions. Eighty-six AV-8Bs were
deployed to support Operation Desert Storm.’

They operated from an expeditionary airfield (King Abdul Aziz AB),
from ships (LHA-1, USS Tarawa and LHA-4, USS Nassau), and from a
forward-area rearming and refueling point at Tanajib.

As the Marine Corps’ principal light attack aircraft, Harriers flew
3,359 sorties, striking 2,585 targets during Operation Desert Storm.*
They flew 2,421 strikes against Iraq’s Ground Order of Battle and at-
tacked targets such as artillery, tanks, armored vehicles, ammunition
storage bunkers, convoys, logistic sites, troop locations, and airfields.”
AV-8Bs expended 7,175 MK-20 Rockeyes, 288 MK-83s, 4,167 MK-82s,
and 83,373 rounds of 25-mm machine-gun ammunition.*®

During the first two phases of the air war, AV-8Bs generally flew
medium-altitude profiles between 10,000 to 20,000 feet. They would
occasionally drop to a lower altitude to locate and engage targets at less
than 8,000 feet. During the battlefield preparation and ground war phas-
es, AV-8Bs flew at lower altitudes to ensure target acquisition and
increase weapons effectiveness and accuracy. At these lower altitudes,
five AV-8Bs were lost to enemy action.

A-7 Corsair: a U.S. Navy, single-engine,
single-seat, carrier-based strike aircraft. The A-7
first flew in 1965 and its initial operational capa-
bility was achieved in 1966. When Iraq invaded
Kuwait, the A-7 was being withdrawn from ser-
vice; the John F. Kennedy (CV 67) was the only

5QMcC Brief to SECDEF, APP-A/1160-7/1Q/91.

96(U) GWAPS Statistical Compendium, Tables 86, “AV-8: USMC Sorties by Mission
Type,” and 177, “Strikes by AIF Categories.”

%7(U) GWAPs Statistical Compendium, Table 177, “Strikes by AIF Categories.”
%8 Conduct of the Persian Gulf War, p T-22.
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carrier still flying A-7s. During Desert Storm, the Kennedy's 24 A-7s
staged attacks from the Red Sea and also guided the first operational
AGM-84E SLAMs into Iraqi missile storage facilities. A total of 737 A-7
sorties were flown in Desert Storm.”

Armament consisted of a M61 Gatling-type cannon with 500 rounds
(1,000 rounds maximum) and up to 15,000 pounds of external stores.
These stores included MK-80 series bombs, laser-guided bombs, AGM-65
Maverick missiles, AGM-45 Shrike and AGM-88 HARM antiradar
missiles, and cluster bombs.

Forward Air Control Aircraft

OV-10 Bronco: an armed, light observation
and reconnaissance aircraft with FLIR and laser
designation capability. The Marine Corps de-
ployed 20 of these aircraft to Southwest Asia.
While praised by the Marine Division command-
ers, some delays associated with deploying the
OV-10 to Southwest Asia occurred since it could

not refuel in flight or be transported by strategic airlift.'® Co-located
with the AV-8Bs at King Abdul Aziz Naval Base, the OV-10s flew 482
sorties, of which 411 were logged as CAS missions.'"

Salient points included a relatively long loiter time at low airspeeds,
which allowed OV-10s to fly aerial reconnaissance, airborne forward air
control and tactical air control, armed reconnaissance, helicopter escort,
and command and control missions. The aircraft also used their FLIR
sensors to provide laser designation, night observation, and
reconnaissance.

99(U) GWAPS Statistical Compendium, Table 84, “A-7: USN Sorties by Mission
Tyw"Y
IOOHQMC Brief to SECDEF, APP-A/1160-7/JQ/91.

lm(U) GWAPS Statistical Compendium, Table 130, “OV-10: USMC Sorties by

Mission Type.”
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F/A-18D Hornet: a Marine, two-seat, all-
weather, day/night attack aircraft. Its mission was
to attack and destroy surface targets; conduct
multisensor imagery reconnaissance; provide sup-
porting arms coordination, including air, naval
gunfire and artillery; and to intercept and engage
enemy aircraft.

The Marines deployed twelve F/A-18D aircraft to Southwest Asia.
The aircraft were used in tactical-air-coordinator and airborne-forward-air-
control roles. They flew into target areas ahead of Coalition attacks to
locate and identify high-value targets during tactical air missions. F/A-
18s provided almost twenty-four-hour battlefield coverage for CAS
missions.

The F/A-18D flew 557 sorties with a mission-capable rate of 85.9
percent in Operation Desert Storm. No F/A-18Ds were lost to enemy fire,
and only two sustained battle damage. Armament capability was the same
as for F/A-18A/C aircraft, and during Desert Storm, F/A-18Ds expended
2,325 rockets and 27,000 rounds of 20-mm cannon ammunition.'%

Helicopters

AH-64A Apache: the U.S. Army’s principal

i ﬁ\ attack helicopter. It was designed for antiarmor

operations and for operations under field

conditions in daytime, nighttime, and adverse

weather. The Apache’s primary armament is the Hellfire modular missile

system, a laser-homing-guided, antiarmor weapon. It can designate

targets itself or receive designations from remote sources. Hydra 70,

2.75-inch folding fin aerial rockets are carried in addition to, or instead

of, Hellfires. A chin-turret-mounted 30-mm cannon is controlled by a

sight in the pilot’s helmet. The Apache is also equipped with electronic

systems such as night vision sensors, infrared and radar jamming systems,
and global positioning system equipment.

Y2Conduct of the Persian Gulf War, p T-81.
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AH-1 Cobra: an attack helicopter designed

for close-in fire support and antitank missions.

"-1;77 The initial version, the AH-1G, had a 1966 initial
operational capability. The Army and Marine

Corps deployed with 224 Cobras to Southwest Asia.'® The Marine Corps
Cobras flew 1,273 sorties and accumulated 3,014 hours, providing close-
in fire support, helicopter escort, and antiarmor and armed reconnaissance
missions.'® The Army conducted daylight armed reconnaissance

operations and security patrols with tube-launched, optically-tracked, wire
guided (TOW) missiles, 2.75 inch rockets, and 20-mm guns.

Coalition Aircraft

Tornado:'® a two-seat all-weather bomber
developed by the United Kingdom (UK), Ger-
many, and Italy and also purchased by Saudi
Arabia. Its initial operational capability was in
1982, and seventy-four ground attack versions
served in the Gulf War.'® The United Kingdom
also flew Tornados modified for reconnaissance
missions.

The Tornado flew a variety of missions during the war, including the
following:

¢ The Tornado initially used its JP233 runway denial weapon,
which was designed for low-level attacks on airfields in Europe.
With JP233, Tornados flew level deliveries at extremely low
altitudes and attacked runways and aircraft parking areas. Fifty-
three sorties were flown in the first four days, expending 106

1%1bid, p T-13. The Army deployed with 145 and the Marine Corps with 79.
104HQMC Brief to SECDEF, APP-1/1160-7/JQ/91.

105This ground attack version had different designations according to country. The
UK version was called GR1, the Saudi version IDS, and the Italians simply called it
Tornado.

l06(S) This total included the UK, Italy, and Saudi Arabia. (S) Desert Shield,
USCENTAF/RASF Combat Plans Handout, Jan 1991, pp 17-4, 17-5.
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JP233s.'” Reduced enemy airfield activity negated the need to
continue delivering JP233 from low-level, and the United King-
dom Tornados switched to medium-altitude tactics to fly above
the antiaircraft artillery threat. During this timeframe, United
Kingdom Tornados continued to target airfields using UK 1000-
pound bombs to cut runways.

e With the arrival of Buccaneer aircraft equipped with the Pave
Spike laser designating pod on day 17 of Desert Storm, Tornados
dropped laser-guided bombs that were buddy-lased by Bucca-
neers. Tornados flew 488 strikes against targets such as bridges,
hardened aircraft shelters, and other elements of air base infra-
structure.'® The arrival of two thermal imaging and laser desig-
nating pods in the last ten days of the air war allowed the Torna-
do to designate targets for its own laser-guided bombs.

e The Tomados also carried air-launched antiradiation missiles
(ALARMs) on SEAD miissions; they fired 113 ALARMs during the war.'®

The United Kingdom Tornado ground attack force flew 2,535 sorties
in Desert Storm, mostly in interdiction roles."'® Its main weapons were
JP233 and UK-1000s. The Tornado carried two JP233s, four to eight
unguided UK 1,000-pound bombs, or two to three UK 1,000-pound
bombs configured as laser-guided bombs. United Kingdom Tornados
dropped 106 JP233s and 3,631 unguided bombs along with 1,079 laser-
guided versions of the UK’s 1,000-pound bomb."" In addition, RAF
Reconnaissance Tornados flew 140 sorties.

197(s) Operational Research Branch Headquarters RAF Strike Command, “Analysis

of Attack and Reconnaissance Operations During Operation Granby,” 26 July 91, p 8.

%) GwaPs Statistical Compendium, Table 183, “Precision-Guided Munitions
(PGM) Strikes by AIF Categories.”

l()S“(S) Operational Research Branch Headquarters RAF Strike Command, p 8.

"1%U) gwaps Statistical Compendium, Tables 104, 106, and 107, “Saudi Arabia,
Italy and UK Sorties by Mission Type.”

1"(S) Operational Research Branch Headquarters Strike Command, pp 7-8.
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Buccaneer: a dual-engined bomber originally
built for the Royal Navy in the late 1950s, but
transferred to the Royal Air Force with the
retirement of that Navy’s last conventional carrier.
Updated in the 1980s with a new avionics suite,
the aircraft carries a daytime-only Pave Spike laser
designating pod. When the Tornados transitioned
to medium-altitude, 12 Buccaneers were brought to the theater to laser-
designate laser-guided bombs on day 17. The Buccaneers flew 226
sorties in Desert Storm, mostly as buddy laser designators without weap-
ons.'? After the arrival of the Tornado’s thermal imaging and laser
designating (TIALD) pod, they flew sixteen missions and designated their
own weapons.

Jaguar: an aircraft jointly developed by France
and the United Kingdom in the late 1960s as a tactical
support aircraft. In all, 12 United Kingdom and 24
French Jaguars flew 1,145 sorties striking targets in
Kuwait and ships in the Persian Guif. Those sorties
included 26 reconnaissance missions.'"

United Kingdom Jaguars expended 741 UK-1000 bombs, 387 CBU-87
cluster bombs, 608 rockets, and 8 BL-755 cluster bombs during the war."*

Mirage F1: an all-weather intercepter with
initial operational capability in 1973. It is also
capable of visual attack missions and has an unre-
fueled radius of action of 230 nautical miles. One
variant, the F-1CR, was developed for a reconnais-
sance role. The Coalition Mirage F1s did not fly in
the first week of Desert Storm to avoid confusion with Iraq’s Fls and the
risk of being shot down by friendly aircraft.''* The Kuwait and Qatari air
forces flew 170 ground attack missions, while the French flew 44 recon-

"2(U) Gwaps Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-

vice/Allied Country by Aircraft Type.”
m(U) GWAPS Statistical Compendium, Table 101, “Jaguar: UK and France Sorties
by Mission Type.”
) Operational Research Branch Headquarters RAF Strike Command, pp 10-11.

"5Royal Saudi Air Force Systems Analysis, pp 193, 194.
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116

naissance missions. ° The Fls flew only daytime sorties because they

lacked night capability.
Air-to-Ground Weapons

A large selection of air-to-ground weapons were available to
Coalition forces during the Gulf War. This section begins with a brief
discussion of the basic characteristics of air-to-ground munitions and then
describes the weapons used.

Bombs and Missiles

A bomb is an explosive filler enclosed in a casing. Bombs are
generally classified according to the ratio of explosive material to total
weight. The principal classes are general-purpose (GP), fragmentation,
and penetration bombs. Approximately 50-percent of the GP bomb’s
weight is explosive material.'” These bombs usually weigh between 500
and 2,000 pounds and produce a combination of blast and fragmentation
effects.'”® The most common GP bombs are the MK-80 series weapons.
Only ten to twenty percent of a fragmentation bomb’s weight is explosive
material;'"® the remainder include specially scored cases that break into
predictably sized pieces. The fragments, which travel at high velocities,
are the primary cause of damage. Cluster munitions are primarily frag-
mentation weapons. Penetration bombs have between twenty-five and
thirty percent explosive filler.'"® The casings are designed to penetrate
hardened targets such as bunkers before the explosives detonate.'!

116(U) GWAPS Statistical Compendium, Tables 90, “F-1: Kuwait and Qatar Sorties
by Mission Type,” and 91, “F-1CR: France Sorties by Mission Type.”

" Elight Manual, T.O. 1-1M-34, Aircrew Weapons Delivery Manual, (Non-nuclear),
15 Feb 86, p 1-4.

"8 1he approximately one-half-inch-thick casing creates a fragmentation effect at the
moment of detonation, and the 50-percent explosive filler causes considerable damage
from blast effect.

" Elight Manual, T.0. 1-1M-34, p 1-4.
1201pig.

2lpenetration was achieved by either kinetic energy of the entire projectile (BLU-
109) or the effects of a shaped-charge (AGM-65G).
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Free-fall bombs have three sections. The bomb body is the casing
containing the explosive material. The fuze section can be located in the
nose and/or the rear of the bomb and determines the timing of the
explosion. The tail section, or fins, determines how the bomb flies
through the air. Desired weapons effects are achieved by selecting a
particular combination of bomb body, fuzing, and tail section.

Bomb Configurations

Bomb bodies vary in size, weight, and thickness of casing. GP
bombs have a thinner case and more explosive filler than penetrating
bombs, whereas cluster bombs generally come in dispensers that open to
release bomblets at predetermined altitudes. The bomb body casing
(except for cluster munitions) houses the explosive filler. Upon detona-
tion, the high-explosive filler creates an explosive train to achieve the
desired weapons effect; detonation is triggered by fuzing.

A fuze initiates bomb detonation at a predetermined time and under
the desired circumstances. Fuzes are located in the nose or tail of the
munition, or both. They are armed by one, or a combination, of the
following methods:

* The arming vane, a small propeller, is rotated by airflow after
weapon release. A specified number of rotations arms the fuse.

o The arming pin is ejected or withdrawn by a spring action releas-
ing the arming mechanism and allowing the fuze to arm.

e The inertia fuze is armed by abrupt changes in the velocity of the
bomb caused by the deployment of fins or ballutes.

e The electric fuze is armed by a time-delay circuit powered by a
thermal battery activated by extraction of the arming lanyard
upon bomb release.'?

'2Elight Manual, T.O. 1-1M-34, p 2-4.
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FMU-113 Proximity Fuse Being Attached to a MK-82 Bomb.

Different effects are obtained by mating different bombs to different
fuzes. A fuze functions in one of the following ways. An impact fuze
is designed to function on or after impact. Detonation upon impact is
selected for targets such as supply dumps when the main destructive
energy desired is blast. For a building, a delayed detonation might be
selected so the bomb can penetrate several floors before exploding. A
proximity fuze contains a miniature doppler radar set that senses height
above the ground. When the explosion occurs above the ground, most
of the destructive effect is caused by the bomb casing fragments. Prox-
imity-fuzed bombs are used against targets such as troops in trenches,
radars, trucks, and other vehicles. In a timed fuze, the delay is normally
initiated at bomb release rather than on impact. The timing element is a
mechanical or electrical device. A hydrostatic fuze is employed in depth
bombs used for underwater demolition work. The MK-36/40 Destructor
is a special fuze with a sensor that can be mated to a bomb. It senses the
presence of metallic objects such as trucks or ships, making it, in effect,
a mine. These weapons can be used against either land or water targets.
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In Southwest Asia, the MK-36 (500-pound) detonators were used to
mine the waters in the vicinity of Umn Qasr naval facility.

The conical fin was the tail section type most often installed on GP
bombs dropped in Southwest Asia. The conical fin assembly helped
stabilize the bomb in flight, allowing the bomb to exhibit the best effects
of low drag and stabilization after release. A conical fin mated with a
GP bomb results in a low-drag general-purpose bomb. Two types of
high-drag retarders were used in Desert Storm. The first was the air-
inflatable retarder tail assembly containing a ballute (combination balloon
and parachute) device that deployed shortly after bomb release. There
were two types of ballutes, the BSU-49 mated to a 500-pound MK-82
bomb, and the BSU-50 mated to a 2,000-pound MK-84 bomb. The
second type of retarding fin was the Snakeye, which had four metal vanes
that opened into the windstream to slow the bomb after release. Snakeye
fins were used by Navy aircraft to deliver mines into the waters around
Iraqi naval bases. These high-drag retarder tail assemblies were used to
slow the bomb quickly after a high-speed, low-level release, thereby
reducing the chance of an aircraft being damaged by its own bomb
fragments.

General-Purpose Bombs

General-purpose bombs were the type of ordnance most frequently
employed in the Gulf War. According to Iraqi prisoners of war,
formations of B-52s dropping general-purpose bombs were one of the
most feared aircraft-weapon combinations of the war.'”® GP bombs
served as the basic building blocks for many of the other munitions used
during the Gulf War. GP bombs dropped during the Gulf War were as
follows:

123(S/REL UK) “The Gulf War: An Iraqi General’s Perspective,” Memorandum for
Record - Joint Debriefing Center, 11 Mar 1991, p 7.
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Total weight Weight of

Bomb (b Class) Explosives (Ibs)' # Dropped™
MK-82 500 192 77,653
MK-83 1,000 416 19,018
MK-84 2,000 945 12,189
M117 750 386 43,435

MK-80 Series: developed in the 1950s in response to the need for
bombs producing less aerodynamic drag. MK-80 series bombs are cylin-
drical in shape and are equipped with conical fins or retarders for external
high-speed carriage. They are fitted for both nose and tail fuzes to ensure
reliability and produce effects of blast, cratering, or fragmentation. The
MK-80 series of bombs were dropped from literally every fixed-wing

U.S. Marines assemble tail section to MK-82 Bombs.

"X Flight Manual, T.0. 1-1M-34, pp 1-13, 1-14, and 1-21.

125Weapons utilization figures throughout this section from (U) GWAPS Statistical
Compendium, Table 191, “Desert Shield/Storm: Total USAF, USN, and USMC Weapons
Cost and Utilization (FY 90/91$),” unless otherwise specifically noted.
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aircraft that supported the ground offensive. The bombs were used against
a wide variety of targets, including artillery, trucks, bunkers, Scuds, sur-
face-to-air missile sites, antiaircraft artillery sites, early warning radars, and
supply points. All MK-80 series bombs are similar in construction.

MK-82: a free-fall, nonguided GP 500-pound bomb. The bomb is
usually equipped with the mechanical M904 (nose) and M905 (tail) fuzes
or the radar-proximity FMU-113 air-burst fuze. The MK-82, along with
the M117, were the primary weapons used by B-52s. Air Force F-16s
and Marine Corps F/A-18s and AV-8Bs also dropped MK-82s.

MK-83: a free-fall, nonguided GP 1,000-pound bomb. The bomb can
be fitted either with mechanial nose and tail fuzes or with a proximity fuze.
During Desert Storm, this bomb was dropped mainly by Marine aircraft
conducting close air support/battlefield air interdiction (CAS/BAI) missions.

MK-84: a free-fall, nonguided GP 2,000-pound bomb. Normal fuzes
are the mechanical M904 (nose) and the M905 (tail). Most of the over
12,000 MK-84s expended during Desert Storm were dropped by Air
Force F-15Es, F-16s and F-111Fs; less than 1,000 of the fotal were
dropped by Marine Corps tactical aircraft.

M117: a free-fall, unguided, GP 750-pound bomb. Its usual fuzes
are the mechanical M904 (nose) and M90S (tail), or the mechanical
FMU-54 (tail). The B-52s dropped virtually all of the M117 bombs.

BLU-109/B (I-2000): an improved 2,000-pound-class bomb designed
as a penetrator without a forward fuze well. Its configuration is relatively
slim, and its skin is much harder than that of the standard MK-84 bomb.
The skin is a single-piece, forged warhead casing of one-inch, high-grade
steel. The BLU-109/B was always mated with a laser guidance kit to
form a laser-guided bomb in Desert Storm. Its usual tail fuze is a
mechanical-electrical FMU-143. The 1,925-pound bomb has a 550-pound
tritonal high-explosive blast warhead.'”

21bid, p 1-20.
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Cluster Bombs

Cluster bombs, like GP bombs, can feature mix and match com-
ponents (submunitions, fuzes, etc.) to produce the desired effect.

CBU-52/58/71: The CBU-52, -58 and -71 all use SUU-30
dispensers, a metal cylinder divided longitudinally. One-half contains a
strong back section that provides for forced ejection and sway-bracing.
The two halves lock together. Four cast aluminum fins are attached at a
90-degree angle to the aft end of the dispenser and are canted
1.25 degrees to impart spin-stabilized flight. When released from the
aircraft, the arming wire/lanyard initiates the fuze arming and delay cycle.
At fuze function, the fuze booster ignites and unlocks the forward end of
the dispenser. Ram air action on the dispenser forces the two halves
apart, instantaneously dispensing the payload and allowing the bomblets
to spin-arm and self-dispense. A total of 17,831 were expended during
the Gulf War.

CBU-52: loaded with 220 antimaterial, antipersonnel bomblets.'?’
The CBU-52 weighs 785 pounds and can be used with a variety of
proximity fuzes or the mechanical MK-339 timed fuze. The submunition
is a 3.5-inch spherical bomblet weighing 2.7 pounds with a 0.65-pound
high-explosive warhead.'”®

CBU-58: loaded with 650 bomblets.'” These bomblets contain 5-
gram titanium pellets, making them incendiary and useful against
flammable targets.

CBU-71: loaded with 650 bomblets." It has two separate kill
mechanisms, one fragmentation, the other incendiary. Both incorporate a
time delay fuze, which detonates at random times after impact.

CBU-72: the 550-pound cluster bomb contains three submunitions
known as fuel/air explosive (FAE). The submunitions weigh approximately

2 bid, p 1-75.
Bbid, p 1-82.
P bid, p 1-75.
1bid,
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100 pounds and contain 75 pounds of ethylene oxide with air-burst fuzing
set for 30 feet."*! An aerosol cloud approximately 60 feet in diameter and
8 feet thick is created and later ignited. The main destructive force of
FAE was very high overpressure, useful against soft targets. The Marine
Corps dropped all 254 CBU-72s, primarily from A-6Es, against mine
fields and personnel in trenches. Some secondary explosions were noted
when it was used as a mine clearer; however, FAE was primarily useful
as a psychological weapon.'*?

CBU-78 Gator: a tri-Service weapon featuring anti-vehicle and
antipersonnel land mines used adjacent to enemy forces to disrupt or deny
use of selected areas. The 500-pound CBU-78 contains 45 antitank and 15
antipersonnel mines. These mines can be detonated by target sensors (mag-
netic field for antitank and trip line for antipersonnel) or by a disturbance-
antidisturbance device. They also have a backup self-destruct time set before
aircraft launch. The Navy and the Marine Corps dropped 209 CBU-78s."

CBU-87 Combined Effects Munition (CEM): a SUU-65 tactical
munitions dispenser (TMD) with an optional FZU-39 proximity sensor and
202 bomblets.”* The bomblet case is made of scored steel designed to
break into approximately 300 preformed 30-grain fragments for defeating
light armor and personnel.™® The U.S. Air Force dropped 10,035
CBU-87s.%¢

CBU-89 Gator Mine: a SUU-64 tactical munitions dispenser with 72
antitank mines, 22 antipersonnel mines, and an optional FZU-39 proximity
sensor."”” Mine arming begins when the dispenser opens. Mine detonation

13'(S) IDA Document 1080, Desert Storm: Fixed Wing BAI/CAS Operations and

Lessons Learned, Jan 1992, p A-S.

’32HQMC Brief to SECDEF, USMC Aircraft and Munitions: Performance in Desert
Storm, updated 9 Oct 91.

133(U) GWAPs Statistical Compendium, Tables 189 and 190, “Desert Shield/Storm:
USN, and USMC Weapons Cost and Utilization (FY 91$).”

Y4 Flight Manual, T.O. 1-1M-34, p 1-85.

331bid, p 1-86.

B8(U) GwAPs Statistical Compendium, Table 188, “Desert Shield/Storm: USAF
Weapons Cost and Utilization (FY 90%$).”

Y Elight Manual, T.0. 1-1M-34, p 1-86.1.
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is initiated by target detection, mine disturbance, low battery voltage, and
a self-destruct time-out. The antitank mine is a magnetic sensing submuni-
tion effective against tanks and armored vehicles. The antipersonnel mine
has a fragmenting case warhead triggered by trip wires. The U.S. Air
Force employed 1,105 CBU-89s during the Gulf War."*®

MK-20 Rockeye: a free-fall, unguided cluster weapon designed to
kill tanks and armored vehicles. The system consists of a clamshell
dispenser, a mechanical MK-339 timed fuze, and 247 dual-purpose ar-
mor-piercing shaped-charge bomblets.'” The bomblet weighs 1.32
pounds and has a 0.4-pound shaped-charge warhead of high explosives,
which produces up to 250,000 psi at the point of impact, allowing pene-
tration of approximately 7.5 inches of armor.'"® Rockeye is most effi-
ciently used against area targets requiring penetration to kill. Marines
used the weapon extensively, dropping 15,828 of the 27,987 total Rock-
eyes against armor, artillery, and antipersonnel targets. The remainder
were dropped by Air Force (5,345) and Navy (6,814) aircraft.'"!

CBU-59 APAM: an antipersonnel, antimaterial weapon developed in the
1970s as a successor to Rockeye. It uses the same Rockeye dispenser,
but has 717 smaller BLU-77 bomblets fitted into the case. In addition to
its armor-piercing effect, it also has antipersonnel fragmentation and
incendiary features. One hundred and eight-six were delivered during the
war.

Laser-Guided Bombs

With the assistance of build-up guidance kits, general GP bombs are
turned into laser-guided bombs (LGBs). The kits consist of a computer-
control group (CCG), guidance canards attached to the front of the warhead
to provide steering commands, and a wing assembly attached to the aft end
to provide lift. LGBs are maneuverable, free-fall weapons requiring no
electronic interconnect to the aircraft. They have an internal semiactive

138(U) GwAPs Statistical Compendium, Table 188, “Desert Shield/Storm: USAF
Weapons Cost and Utilization (FY 908).”

% Flight Manual, T.O. 1-1M-34, p 1-88.

“Orbid, p 1-90.

14YU) Gwaps Statistical Compendium, Tables 188, 189, 190, and 191 “Desert
Shield/Storm: USAF, USN, USMC, and Total Weapons Cost and Utilization (FY 90/91%).”
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guidance system that detects laser energy and guides the weapon to a target
illuminated by an external laser source. The designator can be located in
the delivery aircraft, another aircraft, or a ground source.

All LGB weapons have a CCG, a warhead (bomb body with fuze), and
an airfoil group. The computer section transmits directional command
signals to the appropriate pair(s) of canards. The guidance canards are
attached to each quadrant of the control unit to change the flightpath of
the weapon. The canard deflections are always full scale (referred to as
“bang, bang” guidance).'®?

The LGB flightpath is divided into three phases: ballistic, transition,
and terminal guidance. During the ballistic phase, the weapon continues
on the unguided trajectory established by the flightpath of the delivery
aircraft at the moment of release. In the ballistic phase, the delivery
attitude takes on additional importance, since maneuverability of the LGB
is related to the weapon velocity during terminal guidance. Therefore,
airspeed lost during the ballistic phase equates to a proportional loss of
maneuverability. The transition phase begins at acquisition. During the
transition phase, the weapon attempts to align its velocity vector with the
line-of-sight vector to the target. During terminal guidance, the LGB
attempts to keep its velocity vector aligned with the instantaneous line-of-
sight. At the instant alignment occurs, the reflected laser energy centers
on the detector and commands the canards to a trail position, which
causes the weapon to fly ballistically with gravity biasing towards the
target.

GBU-10: an MK-84 2,000-pound bomb with an added laser
guidance package.'® The GBU-10I mates a BLU-109B weapon with a
Paveway II laser guidance kit. This improved 2,000-pound bomb is used
against targets requiring deeper penetration. In Operation Desert Storm,
GBU-10/10Is were used extensively by F-15Es and F-111Fs mainly
against bridges, Scuds, C* (command, control, communications,
intelligence) nodes, and bunkers. Of the 2,637 expended,' over one-

2 Elight Manual, T.0. 1-1M-34, p 1-29.
“S1bid, p 1-25.

™) GwaPs Statistical Compendium, Table 191, “Desert Shield/Desert Storm:
Total USAF, USN, and USMC Weapons Cost and Utilization (FY 90/918).”
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third were dropped by F-111Fs, and the rest by F-117s, F-15Es, and Navy
and Marine Corps aircraft.

GBU-12: a MK-82 500-pound bomb with an added laser guidance
package. The GBU-12 was dropped by F-111Fs, F-15Es, and A-6s,
mostly against fixed armor. It was the F-111F tank-busting weapon of
choice. Of the 4,493 GBU-12s employed,'** over half were dropped by
the F-111F.

There are two generations of GBU-10/12 LGBs: Paveway I with
fixed wings and Paveway II with folding wings. Paveway II models have
the following improvements: detector optics and housing made of injec-
tion-molded plastic to reduce weight and cost; increased detector sensitiv-
ity; reduced thermal battery delay after release; increased maximum
canard deflection; laser coding; folding wings for carriage, and increased
detector field of view. (Paveway II's instantaneous field of view is thirty
percent greater than that of the Paveway I’s field of view).'*

GBU-16: a MK-83 1,000-pound bomb modified with a common
Paveway II laser guidance kit. Virtually all 219 GBU-16s were dropped
by Navy A-6Es, which had the capability to lase the target themselves
(self-designation).'*’

GBU-24: either a MK-84 or BLU-109 bomb modified with a Pave-
way III low-level laser-guided bomb kit to add the proportional guidance
in place of the bang-bang type used in the Paveway II. Performance
envelopes for all modes of delivery are improved because the larger
wings of the GBU-24 increases maneuverability. Paveway III also has
increased seeker sensitivity and a larger field of regard. All of the 1,181
GBU-24s were released by F-111Fs.'®

GBU-27: a BLU-109 bomb with a low-level laser-guidance kit. It
has a modified GBU-24 seeker head and a smaller GBU-10 tail assembly

H5(SINF/WN/NC) Ibid.

“8Elight Manual, 7.0. 1-1M-34, p 1-27.

147Uy GWAPS Statistical Compendium, Table 191, “Desert Shield/Desert Storm:

Total USAF, USN, and USMC Weapons Cost and Utilization (FY 90/91$).”

“8(U) GWAPs Statistical Compendium, Table 188, “Desert Shield/Storm: USAF
Weapons Cost and Utilization (FY 908$).”
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necessary for internal carriage. All 739 GBU-27s expended were dropped
by F-117s.'¥

Cruise Missiles

BGM-109 Tomahawk: a cruise missile carried by surface ships and
submarines. It has a range of approximately 700 nautical miles, a weight
of 3,200 pounds, an attached solid-propellant booster, an air-breathing

BGM-109 Tomahawk
land-attack missile
(TLAM) takes to the air
after being launched
from the battleship
U.S.S. Wisconsin.

turbofan engine, and a guidance system that navigates by comparing
stored digital ground images with actual ground points along its flight
path. The solid-propellant rocket booster propels the missile until the
small turbofan engine takes over for the cruise portion of the flight.
Initial guidance is provided by a terrain-contour-matching system. The
system compares a stored map reference with the actual terrain to deter-
mine the missile’s position and then inputs course corrections. Final
guidance is accomplished by digitized scene matching area correlation
(DSMAC). This system compares views of the ground below the missile
with digitized pictures in memory and directs appropriate course correc-
tions. Tomahawk is highly survivable because of its small radar cross-
section and its ability to fly at extremely low altitudes, making radar
detection difficult. Infrared detection is also difficult because of the low

) mwid.
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level of heat emitted from its turbofan engine. Two types of Tomahawks
were used in Desert Storm: the C model, which has a unitary 1,000-
pound high-explosive blast and fragmentation warhead, and the D model,
which has a cluster warhead containing 166 bomblets for attacking multi-
ple targets.”® The Navy fired 298 Tomahawks during Desert Storm."*!

Conventional Air-Launched Cruise Missile (CALCM): a conven-
tional derivative of the air-launched cruise missile (originally designed to
carry a nuclear warhead), which was developed to give the B-52 standoff
capability. The small, winged CALCM is powered by a turbofan jet engine
and has a conventional warhead [DELETED]."”> [DELETED]. It flies
to targets using an inertial navigation system aided by a Global
Positioning System (GPS) receiver, and is programmed to fly at constant
pressure altitude or constant AGL.

In the early stages of Desert Storm, seven B-52s flew round robin
missions from Barksdale AFB in Louisiana, to the area of responsibility
(AOR). These missjons were time phased into the Strategic Air Campaign
and lasted more than 35 hours. Two launch areas were established in

“northwest Saudi Arabia beyond the range of Iraq’s early warning and
ground control intercept radars. From these areas, the B-52s fired 35
CALCMs.'”

Aircraft Air-to-Ground Missiles

AGM-62B Walleye: a guided bomb for daytime, clear-weather use
only. Walleye is used against large targets. It is an electro-optical
(2,000-pound class) weapon that uses proportional navigation to glide to
the target. A two-way radio frequency datalink allows the pilot (in the
release aircraft or another aircraft) to control the weapon by use of a
small joystick. Wider fins can be attached to increase range for greater

IsoStanley W. Kandebo, “U.S. Fires Over twenty-five percent of its Conventional
Land Attack Tomahawks in First Week of War,” Aviation Week and Space Technology,
28 Jan 91, p 29.

3\U) GWAPs Statistical Compendium, Table 189, “Desert Shield/Storm: USN
Weapons Cost and Utilization (FY 918%).”

l52(S) Maj Karns, “Background Paper on Conventional ALCM in Desert Storm,” Hq
SAC/DOOQ, 13 Feb 92, p 1.

153(S) Ibid, p 2.

78



standoff distance. The weapon has a 2,015-pound warhead with a linear-
ly shaped charge.'* Only 133 Walleyes were expended in Desert Storm,
virtually all of them by the U.S. Navy.'*

AGM-65 Maverick (USAF): a 500-pound, rocket-propelled air-to-
ground missile. Various modes of guidance can be used in the Maverick
series. The Air Force has procured four models: the electro-optical
AGM-65 models A and B and the infrared AGM-65 models D and G.
The AGM-65A/B/D models have a 125-pound, shaped-charge warhead
for use against armored vehicles, bunkers, boats, radar vans, and small
hard targets.”® The AGM-65G uses a larger kinetic-energy penetrator
and a 300-pound blast and fragmentation warhead. The AGM-65G is
effective against unusually shaped targets such as hangars, bridges, and
ships and against small point targets such as tanks and bunkers. An
additional force correlate mode allows this missile to strike a specific
aimpoint that differs from the centroid of the target. (For example, a
specific aimpoint would be a certain building in an industrial complex).
A dual field of view capability was added to the infrared versions to
provide wide fields of view for target acquisition and narrow fields of
view for improved target identification and increased launch range. The
infrared seeker expanded the missile launch environment to include night
and degraded visual conditions. Targets must be acquired by all
Maverick missiles before launch. All missiles are guided autonomously,
providing a launch and leave capability. Infrared missiles can also be
slaved to on-board aircraft sensors. Up to three AGM-65A/B/Ds are
carried on LAU-88 launchers, whereas only one AGM-65G can be carried
on a single-rail LAU-117 launcher. A total of 5,255 AGM-65 B/D/G
Mavericks were fired in Desert Storm; of those, the A-10s fired over
4,000.'"" Mavericks were the primary “tank-plinking” weapons used by
aircraft without a self-designation precision-guided munitions capability.

AGM-65E Maverick: a semiactive, laser-guided, solid-rocket-
propelled air-to-ground standoff weapon. This missile is similar to the

1541990 Weapons File, MSD/XR, p 5-A-2.

'33(U) GWAPs Statistical Compendium, Tables 189 and 190, “Desert Shield/Storm:
USN and usMC Weapons Cost and Utilization (FY 918).”

5 Flight Manual, T.0. 1-1M-34, p 1-46.
157(SINF/WN/NC) Tactical Analysis Bulletin, Vol 91-2, Jul 91, p 6-19.
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Mavericks described above but has a heavy warhead and laser seeker. It
is a day and night weapon primarily for close air support and homes on
reflected laser energy. The AGM-65E is a modified AGM-65D, with a
300-pound penetrating blast and fragmentation warhead and a cockpit-
selectable fuze. Only 36 “E” model Mavericks were used in Desert
Storm, all by the Marine Corps.'*

AGM-84E sLAM (Standoff Land-Attack Missile): a multimission
Harpoon derivative designed for strikes against ships in harbors and high-
value fixed targets. The weapon combines the airframe, turbojet power-
plant, and warhead of the Harpoon missile with the imaging infrared
terminal guidance unit of the AGM-65D Maverick missile, the datalink
capability of the AGM-62 Walleye glide bomb, and a GPS receiver. After
launch, midcourse guidance is aided by GPS. Seeker video is transmitted
to the system operator, who recognizes, acquires, and selects the specific
aimpoint on the target. The blast and fragmentation penetrating warhead
has ecither a proximity or an impact-delay fuze and contains 488 pounds
of high explosives.'"”® The Navy dropped all 7 of the AGM-84Es
expended during Desert Storm.'®

AGM-123A Skipper: aday and night, medium-range, standoff glide
weapon that is directed to the target by reflected laser energy. The
AGM-123A was built around an AGM-45 Shrike solid-propellant rocket
motor, a Paveway II seeker and airfoil group, and a MK-83 bomb body.
The rocket motor doubles the range of current Paveway II series muni-
tions. The Navy and the Marine Corps used a total of twelve during
Desert Storm.'®!

Helicopter Air-to-Ground Missiles

BGM-71 TOW (Tube-Launched, Optically-Tracked, Wire-Guided):
an antitank guided weapon. In 1974, the DOD directed the Marine Corps to

18Uy GWAPs Statistical Compendium, Table 190, “Desert Shield/Storm: USMC
Weapons Cost and Utilization (FY 91$).”
l”Christopher Gant, World Encyclopedia of Modern Air Weapons, 1988, p 287.

160(U) GWAPS Statistical Compendium, Table 189, “Desert Shield/Storm: USN
Weapons Cost and Utilization (FY 918).”

16(U) GwAPs Statistical Compendium, Tables 189 and 190, “Desert Shield/Storm:
USN and USMC Weapons Cost and Utilization (FY 918%).”
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procure TOWs for helicopters. The shaped-charge warhead, used for armor
penetration, contains 10 pounds of high explosives. Marine Corps’ Cobras
and Army helicopters operating from Navy ships fired 293 BGM-71 TOWs
during Desert Storm; this figure does not include Marine Corps ground-
launched TOWs or TOWs expended from U.S. Army stores.'®

AGM-114 Hellfire (Heliborne-Launched Fire and Forget): an
antiarmor, air-to-surface weapon. The Hellfire’s semiactive seeker re-
ceives and homes in on reflected coded laser energy illuminated by a
laser designator remote from the missile. Hellfire is not limited to direct
line-of-sight attack, allowing launch without seeker lock-on, and thereby
reducing exposure time and increasing survivability of the launch plat-
form. The shaped-charge warhead contained 20 pounds of high explo-
sives.'® U.S. Army aircraft fired all but 189 of the over 3,000 Hellfires
expended during combat.'® Hellfire was the Army’s biggest killer of
armored vehicles during Desert Storm.

Rockets and Guns

Guns and unguided fin-stabilized rockets were used extensively for
a wide variety of missions. They were primarily employed by Air Force
and Marine Corps CAS aircraft and Army and Marine Corps helicopters
during Desert Storm.

Rockets: a variety of rockets were used to both mark and destroy
targets. Virtually all of the approximately 3,000 2.75-inch rockets
expended by the Air Force were fired by OA-10 aircraft to mark targets.
The Marine F/A-18D forward air controllers (Fast FACs) used 2.75-inch
white phosphorous rockets to mark targets. In addition, Marine AH-1
Cobras expended almost 4,000 rockets: over half to mark targets and the
remainder against vehicles and personnel.'®®

12(U) Ibid.
1Gant, p 249.

'“(U) GWAPS Statistical Compendium, Tables 189 and 190, “Desert Shield/Storm:
USN and USMC Weapons Cost and Utilization (FY 91$).” U.S. Army Aviation Center,
Coordination Draft, Operation Desert Shield/Desert Storm After Action Report,
22 Nov 91.

1655QMC Brief to SECDEF, APP-A/1160-7/JQ/91.
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Guns: used to mark and destroy a variety of targets, including
armored vehicles and trucks. The biggest gun user was the Air Force
A-10 aircraft. Its GAU-8 Avenger, a 30-mm 7-barrel, Gatling-type
cannon, featured selectable rates of fire of 2,100 or 4,200 rounds per
minute and a magazine holding 1,350 rounds. At a slant range of 4,000
feet, the GAU-8/A round has 14 times the kinetic energy of a 20-mm
projectile fired from a M61 Vulcan cannon.'® A-10s fired almost a
million rounds of ammunition against all types of targets, especially
armor and trucks; OA-10s fired an additional 16,000 plus rounds of 30-
mm high explosive incendiary rounds to mark targets.'”’

AC-130 aircraft used their two 20-mm, single 40-mm, and single 105-
mm guns to attack a variety of targets in and around the KTO. Marine
AV-8 Harriers also used guns to conduct strafing missions and to hit
enemy positions at the Battle of Khafji. AH-1 Cobras were equipped
with a 20-mm gun, and the AH-64 Apaches were equipped with a 30-mm
gun. Armed helicopters used guns as close-in fire-support weapons.

Coalition Munitions (United Kingdom)

JP233: a heavy-weight airfield attack and area-denial submunition
dispenser with 30 concrete-penetrating and 215 area-denial bomblets.'®®
The concrete-penetrating bomblets are parachute-retarded and fall to the
ground in a nearly vertical trajectory. A contact fuze detonates on impact
to open a hole through which a second charge is fired to penetrate and
detonate, thus creating a large crater. The area-denial minelets are fitted
with disturbance fuzes and variable self-destruct fuzes to slow enemy repair
teams. Tornados used 106 JP233s for runway denial.'®

BL-755: a medium-weight cluster bomb with 147 antitank frag-
mentation bomblets.' The dispenser is armed when released and opens
after a preselected time delay. The ejected bomblets, which detonate on
impact, have shaped-charge warheads able to penetrate at least 9.84

l66Gant, p 44.

17(S) DA Document 1080, p 27.

1%8Gant, p 115.

19(s) Operational Research Branch Headquarters Strike Command, p 8.
0Gant, p 111.
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inches of armor; they also scatter a cloud of at least 2,000 lethal frag-
ments.'”’ The submunitions are retarded to increase their angle of attack
at impact and thus their armor penetrating capability. Jaguar aircraft used
8 BL-755s in strikes against Iraqi ground targets.'”

UK-1000: a 1,000-pound bomb that can be carried by the B-52,
Tornado, Buccaneer, or Jaguar aircraft. It is configured as either a free-
fall weapon or as a laser-guided bomb. There were 4,372 UK-1000s
delivered in the free-fall mode and 1,079 as LGBs.!™

CRV-7: a weapon consisting of a pod containing 19 rockets. The
rockets have a very flat trajectory and were designed to be used against
naval targets. Carried only by the Jaguar, 32 CRV-7s (608 rockets) were
used in the war, primarily against surface targets of the Iragi Navy."”

Special Purpose One-of-a-Kind Munitions

GBU-15: an unpowered, standoff electro-optically or infrared-guided
glide bomb. The GBU-15 provides the capability for accurate (automatic
or manual) guided delivery of a MK-84 bomb at increased ranges. The
weapon is built from modular elements consisting of various
interchangeable guidance, fuzing, and control systems designed to meet
specific mission requirements. The GBU-15’s effective standoff range is
greater than that of laser-guided munitions, since the GBU-15 does not
need to have acquired the target before it is released. The weapon is
remotely controlled by a datalink system, and the weapon systems opera-
tor locates the target area and the specific aimpoint by observing the
video transmitted from the weapon. The weapon’s midcourse flight path
can be adjusted either automatically or manually. Weapon video is either
electro-optical (TV camera) or infrared, and generated in the nose of the
weapon. During Desert Storm, all 71 GBU-15 modular glide bombs used

" bid, p 114.
172(S) Operational Research Branch Headquarters Strike Command, p 11.

173(S) Ibid, pp 10, 12. See also (S/NF/WN/RD) History of the Strategic Air
Command, p 251.

1""(S) Operational Research Branch Headquarters Strike Command, p 11.
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were dropped from F-111F aircraft.'” Most notably, GBU-15s were the
munitions used for destroying the oil manifolds on the storage tanks to
stop oil from spilling into the Gulf.'™

BLU-82: a 15,000-pound GP bomb originally designed to clear
helicopter landing zones in Vietnam. The warhead contains 12,600 pounds
of GSX slurry and is detonated just above ground level by a 38-inch fuze
extender. The weapon produces an overpressure of 1,000 pounds per square
inch.'” Eleven BLU-82s were dropped during Desert Storm, all from
Special Operations C-130s. The initial drops were intended to test the
ability of the bomb to clear mines; no reliable bomb damage assessment
exist on mine-clearing effectiveness. Later, bombs were dropped as much
for their psychological effect as for their destructive power.

GBU-28: a special weapon developed for penetrating hardened Iraqi
command centers located deep underground. The bombs are modified
Army artillery tubes, weigh 4,637 pounds, and contain 630 pounds of
high explosives. They are fitted with GBU-27 LGB kits, 14.5 inches in
diameter and almost 19 feet long.'™ Only two of these weapons were
dropped in Desert Storm, both by F-111Fs. One weapon hit its precise
aimpoint, and the onboard aircraft video recorder displayed an outpouring
of smoke from an entrance way approximately 6 seconds after impact.

MK.-77: a napalm canister munition. The Marine Corps dropped all
of the approximately 500 MK-77s used in the Gulf War.'” They were
delivered primarily by the AV-8 Harriers from relatively low altitudes.
MK-77s were used to ignite the Iraqis oil-filled fire trenches, which were
part of barriers constructed in southern Kuwait.

175(U) GwAPS Statistical Compendium, Table 188, “Desert Shield/Storm: USAF
Weapons Cost and Utilization (FY 90$).”

176(S) 1A Document 1080, p 55.

7 Gant, p 138

18GBU-28/B HTPM Description Briefing Slide, 57 FWW/DT PRO-111.
3qQmc, ASL-30, Point Paper, Desert Shield/Storm Expenditures, 16 Jul 92.
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Air-To-Ground Issues
Tactical Bombing Accuracy Issues

Although laser-guided munitions constituted only 6.7 percent of
bombs dropped from tactical aircraft during Desert Storm,'™ accurate
bombing played a pivotal role in the exercise of air power by Coalition
and particularly U.S. air forces. The relatively low percentage of preci-
sion-guided bombs reflects in part the fact that many of the unguided
bombs were dropped from “smart” platforms (e.g., aircraft) that were, at
least in principle, capable of achieving near precision-guided munitions
accuracy with “dumb” bombs. Both capabilities reflect important advanc-
es in both platform and munitions technology, which began in earnest in
the final stages of the Vietnam War. While those technological advances
yielded unprecedented tactical capabilities, they also brought tactical and
technical problems with them. The tactical capabilities are addressed
elsewhere in this report. Here, we are concerned primarily with the
factors that limited tactically obtainable accuracy.

One such factor stems from the fact that technological complexity has
limited interchangeability. Although most aircraft can release virtually
all munitions, only certain aircraft can both release and provide terminal
guidance. Almost all aircraft participating in the Gulf War could drop
LGBs, but only F-117s, F-111Fs, A-6s, and a small number of F-15Es
could laser-designate their own targets. In addition, some munitions were
developed for particular aircraft. For example, only the F-111F was
equipped with the radio frequency datalink needed to control the GBU-
15, a standoff electro-optical or infrared-guided 2,000-pound bomb; and
only a limited number of B-52s could carry CALCMs along with the
rocket-propelled Have Nap. These limitations tied certain aircraft to
specific roles, which made planning 24-hour operations difficult.

180(S) A total of 219,498 bombs were dropped by USAF, USN, and USMC aircraft, of
which 9,494 were laser-guided, counting the AGM-123 Skipper, AGM-62 Walleye, and
AGM-84 SLAM as guided bombs rather than missiles. The 6.7 percent figure is obtained
by excluding the 77,299 bombs dropped by B-52s. Numbers derived from (U) GWAPS
Statistical Compendium, Table 191, “Desert Shield/Storm: Total USAF, USN and USMC
Weapons Cost and Utilization (FY 90/91$),” and (S) Masotti, p 53.
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Smart Platform/Dumb Bomb Vice Dumb Platform/Smart Bomb

The appearance of digital electronic navigation, weapons guidance
systems, and sensors afforded two basic options for improving bombing
accuracy. One option was to make the weapon itself “smart,” that is,
capable of accurately guiding itself (autonomous) or of accepting
precision guidance from the aircraft. The second option was to make the
aircraft “smart.” In the second case, an aircraft system must be able to
identify a three-dimensional point in space from which a ballistic “dumb”
bomb will fall accurately upon the intended target. For either option,
bombing parameters and tactics were largely determined by the ability of
the enemy to deny access to the critical point above the earth from which
a weapon, dumb or smart, might be released to destroy the target.

Medium- and high-altitude bombing with unguided munitions posed
problems, even with digital “smart platforms.” First, the visual bombing
pipper was 2 milliradians wide. At a slant range of 20,000 feet, typical
for high-angle dive deliveries, the pipper blanked out an area on the
ground 40 feet across, often hiding the target. To the resulting errors
must be added bomb dispersion errors. For example, the MK-84 GP
weapon dispersion was 5-6 milliradians.'® The result of both of these
kinds of errors was a worst-case 160-foot miss distance, even if the pilot
did everything right and the system worked perfectly. Furthermore,
aircraft systems played a key role in weapon delivery accuracy. For
example, if the aircraft system altitude had a 200-foot error, the bomb
could have hit 120 feet from the intended target, under the same circum-
stances as described above. Using “smart platforms” to deliver “dumb”
bombs against point targets smaller than the circular error probable
(CEP)'® may well require redundant targeting.”®® Only weapons (e.g.,
cluster bomb units) with footprints larger than the CEP, could expect to
hit such point targets in one shot, and their explosive effect may not be

181Capt John Fyfe, “Medium Altitude Ingress and Attack Considerations,” FwW$S
Student Paper, F-16 Class 91 BIF, 15 Aug 1991, p 11.

182Cep is defined as the radius of the smallest circle that will include the impact
points of half of the bombs dropped against a given target. Note that CEP is a measure
of precision, not accuracy, since the target is not necessarily the center of the circle.

183Multiple missions would have to be sent to achieve the destruction required,
increasing risk, resource use, and chances of collateral damage. The Joint Munitions
Employment Manual lays out mission planning redundancy requirements.
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sufficient or of proper type to achieve the necessary functional destruction
required for tactical effectiveness.

During Desert Storm, the effects of these basic sources of inaccuracy
were magnified by preconflict training. “Generally speaking, training was
focused on a NATO Central Region conflict and emphasized low-altitude
tactics. In addition, weapons systems, aircraft, and munitions had been
designed to complement this thinking. By contrast, the tactical realities
of Iragi defenses in Desert Storm required Coalition aircraft to drop a
wide variety of “dumb” bombs from medium and high altitudes. The
Gulf War thus was a useful test case for highlighting the differences
between low- and medium-altitude bombing accuracy and demonstrated
a need for a more accurate way to deliver unguided ordnance from
medium altitude.

Against point targets, laser-guided bombs offered distinct advantages
over “dumb” bombs. The most obvious was that the guided bombs could
correct for ballistic and release errors in flight. Explosive loads could
also be more accurately tailored for the target, since the planner could
assume most bombs would strike in the place and manner expected.
Unlike “dumb” bombs, LGBs released from medium to high altitude were
highly accurate. But as with pippers, forward-looking infrared (FLIR)
sensors had design limitations. [DELETED].'"* [DELETED]. Weapon
dispersions were overcome through laser guidance on reflected energy all
the way to impact, which resulted in better accuracies against point
targets. Risk, resulting from the aircraft’s need to remain in the target
area to provide terminal guidance after weapon release, was balanced by
the likelihood that the target could be destroyed with a single strike. In
addition, aircraft dropping Paveway III LGBs reduced this risk further by
being able to stand off further from the target while effecting release.

Desert Storm reconfirmed that LGBs possessed a near single-bomb
target-destruction capability, an unprecedented if not revolutionary devel-
opment in aerial warfare. The magnitude of effort to destroy individual
targets in previous wars illustrates the point. Were they so targeted
during WW 1I, it would have taken 150 B-17 sorties dropping over
9,000 bombs to hit a particular building. Twenty-five years later, in

4 DELETED].
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1967-68, 177 F-105 sorties and 380 tons of bombs were required to
destroy the Doumer bridge in Hanoi.

The Gulf War As A Live-Fire OT&E'®

The LANTIRN targeting pods procured for the F-15E, were still
undergoing OT&E when the Gulf War began. These targeting pods gave
the F-15E night, all weather weapons delivery capability, plus self-desig-
nation for LGBs. Moreover, when Desert Shield began, the F-15E was not
yet certified to deliver the full range of air-to-ground ordnance. LANTIRN
was used operationally on F-15Es in Desert Storm with notable success.
Undertaking the OT&E process under live-fire conditions signifi-cantly
accelerated the bureaucratic process and produced results that called for
further study.

Availability, Existing Plans, And Standoff Risk

The characteristics of the munitions available for Desert Storm were
driven largely by Cold War plans emphasizing threat avoidance. The
confluence of threat, weather, terrain, and existing technologies drove
operational planners to procure weapons and aircraft delivery platforms
designed for low-altitude deliveries. Another response was to move away
from direct overflight of targets with conventional bombs and move
towards standoff weapons for increased survivability. Unfortunately,
these standoff weapons were more expensive and were relatively few in
number.

The most readily available munitions, general-purpose (GP) bombs,
were good low-altitude weapons, but miss distances increased when the
weapons were released from higher altitudes. Even though these weapons
could be dropped from high altitude, albeit with decreased accuracy, some
munitions were designed for only low-altitude delivery. The British
JP233 runway cratering area-denial munition was a prime example.

MK-20 Rockeye, an armor-penetrating munition, was another
example of an excellent low-altitude weapon that was less effective when

18570 some extent, all wars in the post-Industrial Revolution era have been used for
OT&E (Operational Test and Evaluation) purposes. The classic example was the Spanish
Civil War of 1936-39.
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released from high altitude. Rockeye was fitted only with a timed delay
fuze, which had to be preset on the ground. Conditions had to be perfect
for the munition to detonate at the appropriate point in space. If release
parameters and winds were not true, the ground-set timed fuze had little
chance of achieving the desired results. The probability that a Rockeye
clamshell dispenser would open at the appropriate altitude, on the basis
of a preselected time, was not high. Dispensers opening at other than
planned altitudes greatly affected bomblet density and decreased the
probability of a kill.'®

The desire to avoid exposing attack aircraft in heavily defended areas
changed tactics for existing munitions and drove the desire for standoff
weapons. Early versions of LGBs, notably Paveway I and II, increased
accuracy, but did not offer any significant standoff benefit. The desire
for greater standoff distances led to the development of munitions such
as the AGM-65 Maverick missile, a launch-and-leave system designed for
use against armor. This same desire sparked improvements to existing
weapons. Laser-guided GBU-24s (that is, 2,000-pound Paveway III
bombs) were developed with larger fins and proportional, rather than
“bang-bang”'® guidance, to extend their range. The Navy doubled
Paveway II ranges by attaching a rocket motor to an existing MK-83
body, creating the AGM-123A Skipper. All of these latter weapons were
used to reduce risk associated with attacking targets in high-threat areas.

The improved weapons, however, were expensive. In addition, rela-
tively few aircraft could employ them. Cost limited the numbers pro-
cured and the assets available for training. While the high cost of these

186 This problem was the father of the proximity fuze. Artillery and antiaircraft shells
relying on timing to ensure detonation at precise altitudes were distinguished mostly by
their ineffectiveness. For example, range, wind, trajectory, Coriolos effect, pressure
altitude, and a multiple of other factors, including operator skill, determined success. The
designers of proximity fuses eliminated this guesswork and operator-induced errors by
putting a tiny radar set in the shell or bomb. The operator need choose only the optimum
altitude above the target for maximum blast effect, set the fuze accordingly, and reduce
the variables to the azimuth/range problem. Higher than desired dud rates with Rockeye
were reported by A-10 and F-16 pilots during Desest Storm. (S/NF/WN/NC) Tactical
Analysis Bulletin, Vol 91-2, pp 4-14, 6-5.

mProportional guidance moved the aerodynamic control surfaces no more or less

than required to achieve the desired change in direction. The more primitive “bang-bang”
guidance briefly moved opposite control surfaces to their limit of travel for each required
change.
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weapons was offset by the benefits associated with risk avoidance and the
probability of a first shot kill, the fact that many of them could be used
only with certain platforms limited their utility. '

Hard-Target-Penetrating Free-Fall Munitions (1-2000)

Lucrative targets such as C? bunkers and aircraft shelters were usually
protected by some form of hardening that had to be penetrated fo cause
physical destruction. The requirement for a munition capable of
penetrating such targets led to the development of the BLU-109 (I-2000)
penetrating 2,000-pound bomb. The BLU-109 was built with a heavy
forged steel case designed to reduce break-up and to achieve penetration
through kinetic energy. Its greater penetrating ability offered increased
flexibility against a wider variety of targets. An even greater degree of
flexibility was achieved by mating laser-guided bomb (LGB) kits to
BLU-109 bomb bodies. Paveway II (GBU-10) and Paveway III (GBU-
24 A/B and GBU-27) effectively complemented the BLU-109.
[DELETED].'#

[DELETED].
Electronic/Reconnaissance Systems

Electronic warfare as displayed in the Gulf War was the product of
decades of development and exploitation of the electromagnetic spectrum.
This effort yielded dramatic results in three often-conflicting areas: the
destruction of enemy radars; the disruption, through jamming, of enemy
radar and communications; and surveillance and collection of electronic
information. The effectiveness of the systems involved in these
dimensions of warfare can best be gauged by the results of the air
campaign. The degree to which the Coalition air forces achieved air
supremacy reflects to a large extent the victories and advantages the
Coalition forces had over Iraq in electronic warfare.

The elements of the synergistic electronic warfare effort can be
simplistically grouped as (1) shooters—those systems that released weap-
ons to destroy the enemy’s electronic systems, (2) jammers—those that,

138(5) GWAPS Microfilm Reel #23996, Frame #1030, Memorandum for TAC/DRA,

“Dense Penetrating Weapon,” 28 Jan 91.
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through electronic pulse and frequency interference, disrupted or neutral-
ized the enemy’s electronic capabilities, and (3) collectors~those systems
that exploited information about the enemy that could be obtained
through electronic means. These elements of warfare cause very little
damage to an enemy’s infrastructure or hardware by themselves, but were
incalculable force multipliers that increased the survivability of U.S.
aircraft and rendered enemy forces more vulnerable to attack.

To amplify this concept, the following text presents a scenario
involving the electronic warfare support generated and utilized during a
hypothetical but typical F-111 mission against an Iraqi bunker. The tar-
get was selected on the basis of an analysis of intelligence, establishing
that an Iraqi bunker was operational and actively engaged in command
and control of Iraqi forces. Iraqi air defense systems posing a threat to
the attack force are identified. Suppression of these threatening systems
would have been achieved through escort or standoff jamming. F-4G
Wild Weasels provided a still greater degree of survivability by firing
high-speed antiradiation missiles (HARMs) to destroy any ground air
defense radars attempting to detect the incoming F-111 flight. EC-130H
Compass Call aircraft would stand by to neutralize Iragi fighters by
jamming their controller communications. Should Iraqi fighters approach
the F-111s, E-3A AWACS surveillance aircraft would control the intercept
of the hostile aircraft by U.S. fighters. With the attack mission
completed, bomb damage assessment could be obtained -either
instantaneously through onboard aircraft video recorders or by RF-4C
photo reconnaissance aircraft. Hence, this relatively small F-111 flight
on a single mission revolved around the entire spectrum of electronic
warfare—the collection of intelligence, the offensive jamming of enemy
radars and communication frequencies, and finally the lethal destruction
of air defense radars that posed a threat to the mission. Each system
operated independently but linked through the integrated effort of the air
campaign.
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Electronic/Reconnaissance Aircraft
Shooters

F-4G Wild Weasel: an aircraft equipped to
destroy, neutralize, or degrade enemy radar-d
irected surface-to-air threats. The F-4G Wild
Weasel aircraft was specially modified to carry the
AN/APR-47 Radar Attack and Warning System,
which detects, identifies, and locates pulsed and
continuous wave radar emitters. Although the
F-4G could carry virtually every type of air-to-air
and air-to-surface munition, the preferred SEAD ordnance in the Gulf War
was the AGM-88 (HARM).

The U.S. Air Force committed 61 F-4Gs to support Operation Desert
Storm. Most aircraft operated from Bahrain, and 12 F-4Gs deployed to
Incirlik, Turkey.'®® The F-4Gs flew 2,683 sorties,'® and were used to
conduct autonomous operations, direct support, and area SEAD missions.
During autonomous operations, F-4Gs attacked targets in a particular
geographic area to reduce the enemy air defense threat or roll back the
air defenses for upcoming Coalition air operations. During direct support
missions, F-4Gs joined aircraft flying attack missions and suppressed
enemy air defenses that could pose a threat to the attacking aircraft. On
area suppression missions, F-4Gs were not tied to a particular attack
force, but provided suppression of enemy defense support for numerous
strikes against various targets. The majority of F-4G missions were in
the direct-support role, and all F-4G missions during Desert Storm re-
quired in-flight refueling.

The F-4G was the weapon system of choice when it came to destroy-
ing Iraqi SAM sites.””! Early in the war, the Weasels and jammers flew
with specific attack packages to ensure maximum survivability. Jammers
and BQM-74 drones complemented the Weasels by forcing the Iraqi radar

189 Conduct of the Persian Gulf War, p T-49.

'9°(U) GWAPS Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-
vice/Allied Country by Aircraft Type.”

191(S) USCENTAF Electronic Combat (EC) in Desert Shield and Desert Storm After

Action Report, Oct 91, p 5-4.
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operators to stay on the air longer, and therefore make the HARM more
effective. As the war progressed and the perceived threat lessened, the
Weasel and jammer packages were split to. cover more packages and to
provide a longer on-station time for Wild Weasels and more electronic
warfare coverage.'”

The Weasel was also the weapon of choice to provide lethal SEAD
escort for high-value assets. The Weasel was valued for its ability to
launch HARMs against mobile and/or specific targets. Weasels were in
limited supply (as were all electronic warfare assets), so a concerted effort
was made to maximize their use by piggybacking as many attack packag-
es as possible into a given area at a specific time. [DELETED]."® Later
in the war, Weasels were sent into larger areas to cover attack packages
in the KT0. Weasels would roam in the allotted airspace as “Weasel Po-
lice,” and establish a nearly continuous presence so that all aircraft head-
ing into the KTO did so under an electronic warfare umbrella.

Timely and accurate enemy electronic order-of-battle information was,
in part, unavailable. Conversely, an overabundance of inaccurate infor-
mation was available. However, the perceived threat of destruction
reduced Iraqi propensity to operate their equipment. Indeed, the potential
threat of physical destruction by antiradiation missiles in general (laun-
ched from any platform: F-4G, EA-6, A-6, F/A-18, and F-16) perhaps
was the biggest single winning factor in the SEAD campaign, as evidenced
by the dramatic decrease in emissions after Day 1 of Operation Desert
Storm.

EA-6B Prowler: a four-seat carrier- or land-
based aircraft incorporating comprehensive
electronic countermeasures (ECM) equipment to jam
enemy radars and communications. It is a modified
Intruder with an additional AN/ALQ-99 Tactical
Jamming System. Information on specific enemy
emitters likely to be encountered is fed into the
ALQ-99 system by the Tactical EA-6B Mission Planning System before

2The standard Weasel configuration used in Desert Storm for long station times
was two HARMS and three fuel tanks.

193(S) USCENTAF EC After-Action Report, p 5-4.
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launch.” 1t is equipped to deny the enemy the use of the electromag-
netic spectrum. This electronic countermeasure support contributed
substantially to Coalition effectiveness by denying early waming and
tracking data to enemy integrated air defense system (IADS) operators and
by disrupting the firing solutions of enemy antiaircraft weapons. EA-6B
support was considered essential for every Navy and Marine strike. The
aircraft also supported Coalition strikes involving aircraft of all types.

During Desert Storm, 15 Navy EA-6Bs operated from aircraft carriers
in the Red Sea, and 12 from carriers in the Persian Gulif, while the Ma-
rines had 12 EA-6Bs at Shaikh Isa, Bahrain. On the first day of Desert
Storm, Navy EA-6Bs used jammer pods and HARMs to support attacks on
airfields in western Iraq while Marine EA-6Bs jammed Iraqi electronic
warfare/ground controlled intercept (EW/GCI) radars to screen Coalition
inflight refueling operations along with supporting a large F/A-18 strike
on Tallil airfield. Throughout Desert Storm, EA-6B systems jammed
Iraqi radar systems, and the perceived threat of destruction from EA-6B
HARM;s forced Iraqi radars off the air or into highly ineffective operating
modes. EA-6Bs flew 1,630 combat sorties with no combat losses.'®
They successfully provided electronic countermeasures jamming and
launched over 150 HARM:s in support of Coalition forces.'*®

Jammers

EF-111A Raven: an aircraft equipped to
provide electronic countermeasures support for
tactical air forces. The Raven can detect, sort, and
identify different enemy radars observing an attack
force and make them ineffective, thereby prevent-
ing interception of the attack force by hostile air
defenses. The forty-two EF-111As are modified
F-111As. These modifications provide antennas for high-powered jam-
ming transmitters and a processor to detect hostile radar emissions. The

1% DELETED]

95Uy GwAPs Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-
vice/Allied Country by Aircraft Type.”

196(S) Center for Naval Analyses (CNA), Desert Storm Reconstruction Report, Vol
I, pp 3-53 - 3-59.
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primary electronic countermeasures unit is the AN/ALQ-99E jamming
subsystem, which scans across frequency bands under computer or manu-
al control. When threats are identified, appropriate countermeasures are
initiated, either automatically by computer or with the electronic warfare
officer’s assistance.

The EF-111 provided jamming support to Desert Storm tactical forces
in three ways. In its standoff jammer role, the aircraft orbited outside
enemy territory. From there, safely out of range of enemy ground-based
weapons, EF-111 jamming systems screened the routes of friendly attack
aircraft. In its penetration role, the EF-111 flew along with the attack
force through critical phases of the mission, providing countermeasures
as required to protect friendly aircraft from surveillance and acquisition
radars. The close-in jamming role called for the EF-111 to neutralize
enemy battlefield acquisition radars while the attack force delivered its
weapons on enemy targets.'”’

EF-111s from the 390th Electronic Combat Squadron were based in
Saudi Arabia as part of Operation Desert Shield. On 17 January 1991,
EF-111s and EA-6Bs played an important role in the initial attacks
against Iraqi targets, effectively jamming Iraq’s air defense system.'®
EF-111s used their terrain-following ability to fly low enough to elude
Iragi defenses. In fact, the first day of Desert Storm saw some Iraqi
interceptors launching to search for two Ravens supporting a F-15E attack
mission. AWACS called bandits airborne, MIG-29s heading towards their
area, and Mirage F-1s in the area. A single F-1, picked up visually, was
locked-on to the trailing EF-111. This EF-111 countered by slicing down
to the earth while expending chaff and flares. The F-1 followed, fired a
missile to no avail, and then flew into the ground.'”

¥7ysAF EF-111A Fact Sheet.

8(DELETED). Source: (S) Air Force Electronic Warfare Center (AFEWC)
Operation Desert Storm Electronic Combat (EC) Effectiveness Analysis, Jan 1992, p 10-
14.

%John M. Deur, “Wall of Eagles, Aerial Engagements and Victories in Operation
Desert Storm,” p 10.
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The 24 EF-111s flew a total of 1,105 combat sorties in Desert Storm
with no combat losses and only one noncombat loss during the conflict.>®
The overall results of the Raven’s performance indicate that it was very
effective in neutralizing Iraq’s electronic warfare system. Coupled with
the total electronic warfare capability brought to bear by the Coalition
forces, the EF-111 was a major contributor to the low allied aircraft loss
rate and the general breakdown of Iraq’s Integrated Air Defense System.
An analysis by the Air Force Electronic Warfare Center concluded that
when EF-111As were supporting Coalition aircraft, Iraqi abilities to
detect, track, and pass target information were seriously impaired and in
some cases completely denied.?”

EC-130H Compass Call: a specially modified
version of the C-130 Hercules. It is used to deny
the enemy the capability to execute his battlefield
strategy. Modifications to the aircraft include an
electronic countermeasures system, air refueling
capability, and associated navigation and support
systems. These modifications give the aircraft an
electronic warfare capability that is used to confuse
and disrupt the enemy’s command and control communications and thus
reduce his ability to wage warfare. The system operates in either an
automatic response or manual mode. The aircraft’s crew includes up to
thirteen people; four are responsible for aircraft flight and navigation and
nine operate the electronic warfare mission equipment. Aided by an
automated system, the nine operators analyze the signal environment and
ensure that the equipment is operating properly against designated
targets.”®

Compass Call aircraft flew 450 sorties in Desert Storm.”® It provided
24-hour surveillance of Iragi command, control, and communications for
44 consecutive days. Compass Call was also effective in disrupting voice
systems. But because of the scarcity of air-to-air engagements during the

2OO(U) GWAPS Statistical Compendium, Table 81, “Total Sorties by U.S.
Service/Allied Country by Aircraft Type.”

201(S) AFEWC Operation Desert Storm EC Effectiveness Analysis, pp 10-1 - 10-15.

2%2ysaF EC-130H Compass Call Fact Sheet.

23Uy GwAPS Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-

vice/Allied Country by Aircraft Type.”
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war and Iraqi adherence to emissions control, Compass Call capabilities
were frequently underutilized. Nonetheless, postmission reporting during
the war indicated that when present, Compass Call effectively jammed-
tactical air, antiaircraft artillery, surface-to-air missiles, battlefield, and
communications.”®

Collectors

E-3 Sentry AWACS: a modified Boeing 707
commercial airframe with a rotating radar dome.
Its radar system permits surveillance from the
Earth’s surface up into the stratosphere, over land
or water. The radar has a range of more than 200
miles for detecting low-flying targets and even
farther for detecting aerospace vehicles flying at
medium to high altitudes. It can look down to
detect, identify, and track enemy and friendly low-flying aircraft by
eliminating ground clutter returns that confused other radar systems.
Console operators perform surveillance, identification, weapons control,
battle management, and communications functions. The radar and com-
puter systems on the E-3 Sentry gather and present broad and detailed
battlefield information. Data are collected as events occur and include
position and tracking information on enemy aircraft and ships, along with
location and status of friendly aircraft, naval vessels, and ground troops.
In its tactical role, the E-3 provides information needed for interdiction,
reconnaissance, airlift, and close air support for friendly ground forces.
As an air defense system, the E-3 detects, identifies, and tracks airborne
enemy forces.””

Five E-3s initially were deployed to Riyadh, Saudi Arabia, arriving
on 8 August. An E-3 orbit was established the next day about 110 to 125
miles from the Kuwaiti and Iraqi borders. During Operation Desert
Shield, the number of E-3s gradually increased in Riyadh until 11 were
available by 16 January. On 15 January, three E-3s deployed to Incirlik

204(s) AFEWC Operation Desert Storm EC Effectiveness Analysis, pp 9-26, 9-27.
205ysAF E-3A Fact Sheet.
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in Turkey to begin operations in Southeast Turkey, about 120 miles from
the Iraqi border.®

At the start of Operation Desert Storm, four U.S. E-3s were airborne
over Saudi Arabia (three forward, one to the rear) and one U.S. E-3 was
over southeast Turkey. In addition, a Saudi E-3 was airborne in southern
Saudi Arabia and was used primarily for communications relay. The
rearmost U.S. E-3 in Saudi Arabia was primarily used to manage air
refueling operations. This configuration of airborne E-3s was maintained
twenty-four hours a day throughout most of Operation Desert Storm.
E-3s, at times, overflew Iraq to provide additional radar coverage against
deep target areas. Combat air patrols by F-15Cs were established near
E-3 orbits for protection.

During Desert Storm, AWACS flew 682 sorties® and supported all
daily air-tasking-order activity, including pre- and poststrike air refueling.
They controlled an average of 2,240 sorties a day and a total of more
than 90,000 sorties during the warX® The AWACS detected enemy air-
craft, controlled friendly fighters, and provided a long-range air picture
to theater commanders and other command forces. Throughout Opera-
tions Desert Shield and Desert Storm, AWACS provided this primary air
picture to the appropriate theater command and control centers through
voice and electronic datalink hook-ups. The E-3 also operated in con-
junction with Marine Corps, Navy, Army, Air Force, and Saudi Arabian
units to provide an air picture that spanned from the Persian Gulf to the
Red Sea and provided real-time information to most Coalition command
centers. This complete theater air picture was passed through a data-
sharing network with the RC-135 Rivet Joint, Airborne Battle Command
and Control Center, Tactical Air Control Center, and Navy E-2s.

206yATO-owned E-3s were used in the Mediterranean to monitor the flow of aircraft
towards Southwest Asia and for maritime interception surveillance. They also flew over
Turkish territory to maintain Turkish sovereignty.

2iThe U.S. E-3s flew 379 and Saudi E-3s 303 sorties, respectively. (U) GWAPS
Statistical Compendium, Table 81, “Total Sorties by U.S. Service/Allied Country by
Aircraft Type.”

28 Conduct of the Persian Gulf War, p T-42.
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E-2C Hawkeye: an all-weather, carrier-based air-
bome early warning and command and control Navy
aircraft with a crew of five. Its missions include surface
surveillance coordination, strike and interceptor control,
search and rescue guidance, and communications relay.
Normally, four or five E-2Cs are onboard a carrier, and
at least one E-2C stays airborne to provide airborne
early waming, command and control, and
communications relay functions for a carrier task force.2®

During Operation Desert Storm, 29 E-2C aircraft were in theater. Of
the 1,192 sorties scheduled, 1,183 flown were flown for a total of 4,790
flight hours. The E-2C coordinated communications shifts, provided
situational awareness to Coalition aircraft, and supplied backup radar
coverage and control for flights in hostile territory. Integration of E-2C
and AWACS radar pictures provided superior situational awareness to both
platforms, but the lack of an over-the-horizon communications suite was
a distinct disadvantage. Also, the lack of in-flight refueling capability
limited the E-2C’s range and endurance.’'

TR-1/U-2R: a high-altitude tactical
reconnaissance aircraft equipped with a variety of
sensors to provide continuous day or night, all-
weather, standoff surveillance of a battle area in
direct support of U.S. and allied ground and air
forces. Both aircraft are single-engine jets with a
speed of 430 miles per hour and a range of over

3,000 miles. The four TR-1s and five U-2s used in Desert Storm flew
238 reconnaissance sorties from extremely high altitudes, capitalizing on
the aircraft’s ceiling of over 70,000 feet.?"!

2% Ibid, pp T-36 - T-43.

2107pid,

My.2s flew 149 and TR-1s 89 sorties, respectively. (U) GWAPS Statistical

Compendium, Table 81, “Total Sorties by U.S. Service/Allied Country by Aircraft Type.”
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RC-135V/W Rivet Joint: [DELETED].
Throughout Desert Shield and Desert Storm, Rivet
Joint crews collected valuable information about
enemy forces [DELETED]. [DELETED].?”

RF-4C Phantom II: a multisensor aircraft
capable of all-weather day and night reconnaissance
in a high- or low-threat environment. RF-4C com-
bat missions can be flown at altitudes ranging from
100 feet to 45,000 feet and at speeds exceeding 600
miles per hour. RF-4Cs use optical, infrared, and
tactical electronic reconnaissance systems to accom-
plish their missions. Optical cameras are used generally for daytime,
low-altitude photography but also produce high-quality imagery at higher
altitudes. These cameras generate forward-looking and side-looking
oblique photography, vertical and mapping photography, and horizon-to-
horizon panoramic photography. In addition, the RF-4C has special long-
-range optical photographic systems with focal lengths from 36 to 66
inches, which provide detailed prints from extended standoff ranges. The
infrared sensor locates targets under cover or at night by detecting heat
sources and heat differentials and is especially suited for night reconnais-
sance tasks in high-threat areas. The result is a continuous map of the area
beneath the flight path of the aircraft. The tactical electronic reconnais-
sance system records on tape the identity and location of electronic emit-
ters. This system had datalink equipment, which gives it the capability to
provide near real-time information to ground sites.”"?

RF-4Cs deployed to Saudi Arabia during Desert Shield and collected
intelligence on Iragi positions near the Saudi Arabian-Iraqi border before
Desert Storm. During Desert Storm, 18 RF-4s flew 822 sorties conducting
bomb damage assessment flights;** and no RF-4s were lost in combat. Air

212(S) AFEWC Operation Desert Storm EC Effectiveness Analysis, pp 3-10, 3-11.

213,SAF RF-4C Fact Sheet.

2(U) owaPps Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-

vice/Allied Country by Aircraft Type.”
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and ground commanders were frustrated at times by the delay between
imaging and delivery for interpretation.

E-8 JSTARS (Joint Surveillance Target Attack

Radar System): a joint Army-USAF development

program designed to provide near-real-time, wide-

area surveillance and deep targeting capability to

ground and air commanders for indications and

warning, situation development, and target develop-

ment. The two developmental aircraft, C-135 de-

rivatives, possess an airborne radar, a self-protec-

tion suite, and air-to-ground communications modules. They provide

information on both moving and fixed targets.?'* JSTARS was able to detect,

locate, and track high-value targets such as convoys, river crossing sites,

logistics sites, assembly areas, and retreat routes. It flew forty-two sorties,

and its performance revalidated the need for a system to locate and track

moving ground targets across a wide area and to relay this information to
ground and air commanders quickly.

S-3B Viking: a carrier-based, fixed-wing,
multimission aircraft designed to provide the carrier
battle force with quick-reaction antisubmarine warfare,
antisurface warfare, surveillance, and attack capability.
The S-3 design meets the need for an aircraft that can
(1) cruise at patrol speeds for long periods of time,
(2) carry a comprehensive set of sensors and weapons,

(3) takeoff and land on a carrier deck, and (4) occupy as little deck and
hangar space as possible. The Viking can also carry a D-704 refueling
package that allows it to act as an air refueling tanker.2'®

Forty-three S-3 aircraft were in theater and operated from five aircraft
carriers. They flew 1,674 sorties on a variety of missions in support of
Operation Desert Storm.2"” S-3s participated in armed scout missions in the
Red Sea and Persian Gulf and augmented armed surface reconnaissance
aircraft assigned to strike missions. Viking aircraft also provided in-flight

25Conduct of the Persian Gulf War, pp T-84 - T-81.
21bid, pp T-109 - T-112.

217y GwAPs Statistical Compendium, Table 81, “Total Sorties by U.S. Ser-

vice/Allied Country by Aircraft Type.”
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refueling to Combat Air Patrol aircraft in the Red Sea and Persian Gulf
along with returning strike aircraft. In addition, they established communi-
cation connectivity for strike aircraft going to targets in western and central
Iraq and the KT0. They provided command and control backup when E-2C
aircraft were unavailable and flew SEAD missions in the KTO during the
early days of the war*"®

Electronic/Reconnaissance Weapons

In addition to the previously mentioned aircraft working in the elec-
tronic warfare arena, the Coalition used drones to simulate aircraft and
perform tactical deception. In turn, this deception caused early activation
of Iraqi radars, which were then targeted by electronic warfare “shooters.”
This section describes the drones used during Operation Desert Storm and
the antiradiation missiles used by electronic warfare “shooters” to destroy
Iraqi surface-to-air-missile radar sites.

Drones

Drones are produced in the forms of unmanned aerial vehicles (UAVs)
and remotely piloted vehicles (RPVs). Their missions are to decoy radars,
conduct reconnaissance, and designate targets. Radar decoys provide
tactical deception, reconnaissance drones supply battlefield photography,
and targeting drones illuminate targets for sea-launched attacks by various
weapon systems. Drones provide an inexpensive and valuable capability
in terms of reduced losses of aircraft and aircrews and relative acquisition
costs. At fow risk and cost, these unmanned aircraft effectively prepare the
battlefield for air strikes.

BQM-74: adrone used to decoy radars during
the strategic air campaign, create confusion, and
false targets. The BQM-74 drone flies a program-
med mission profile or can be flown manually. Its
radar cross section is adjustable to simulate many
different types of aircraft, and the drone can be

given a new mission profile in 7 to 10 days.?” BQM-74s cost $230,000
in FY 91 dollars and can be launched from the ground or aircraft. They

2B Conduct of the Persian Gulf War, pp T-109 - T-112.
2y 00T, Point Paper on BQM-74 Capabilities and Availability, 29 Aug 90.
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have a nominal 1-hour flight endurance at subsonic speeds ranging from
300 to 550 knots and altitudes of 500 to 40,000 feet with a maximum
range of 450 nautical miles.® These unmanned aerial vehicles were used
for tactical deception and to degrade the ability of Iraqi EW/GCI nets and
surface-to-air missiles to acquire incoming Coalition aircraft.

[DELETED].2' [DELETED]. On the first night of Desert Storm,
drones were launched from just south of the Iraqi border towards Baghdad
to deceive enemy air defenses and to enhance F-4G Wild Weasel
targeting.”? As planned, Iraqi air defense nets, gun and missile batteries,
and radars were activated to deal with the perceived threat. This Iragi
reaction served to identify numerous targets for the Weasel HARM
shooters. HARM success rates were very high, and no allied aircraft were
lost to Iraqi surface-to-air missile shots during these drone missions.”?
[DELETED].*

TALD: a tactical air-launched decoy (TALD).

The Navy and the Marine Corps launched

numerous TALDs during Desert Storm.

[DELETED].*® [DELETED]. The TALD vehicle

adds to enemy confusion by flying different

mission profiles involving variations in speed,

range, and altitude. TALD is compatible with most Navy aircraft.
[DELETED). >

Drones are also used in a reconnaissance role. The reconnaissance
versions have a daylight TV camera with a zoom lens in the nose of the
drone. Video is transmitted via datalink, with a video cassette recorder
with inflight replay capability for back-up. These reconnaissance drones
are parachute recoverable and can potentially be used for panoramic
photography and real-time infrared coverage. During Desert Storm, the

20() Briefing Slides on Drone Support for CENTCOM, p 7.

21y 00TT, Point Paper on BQM-74, 29 Aug 90.

2 Briefing Slides on Drone Support for CENTCOM, p 5.

Pbid,

24(S) Ibid.

225(S) System Descn'btion and Mission Summary, GWAPS Files Document 43-020.
25(S) Ibid.
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Navy launched these drones to perforrn naval gunfire direction and
gather real-time battle damage assessment information from behind enemy
lines without risking the lives of airborne or ground-based forward spot-
ters.”?’ In an unusual incident during the ground war, a group of Iragi
soldiers tried to surrender to a drone.”®

Drones proved to be inexpensive but effective devices during Desert
Storm. They drew premature activity from enemy radars, which then
became targets for advance aircraft (shooters) before the main attacking
force arrived. This tactic helped to open a corridor that allowed penetrating
bombers to funnel through and attack targets. Also, reconnaissance drones
provided the Army, Navy, and Marine Corps with real-time battlefield
information without risking lives. The next section describes antiradiation
missiles used to destroy Iraqi radars by Coalition aircraft..

Anti-Radiation Missiles

During the Gulf War, U.S. forces employed two antiradiation
missiles—the AGM-45 Shrike and the AGM-88 HARM. These air-to-
ground missiles were designed to detect and destroy surface radars.

AGM-45 (Shrike) Missile: a completely passive missile that uses
radiation emitted by a target radar for detection, homing, and detonation.
Shrike was designed to detect and destroy enemy radar emitters, and was
first used in 1965. Its 149-pound warhead is specifically designed to
physically impair the operation of the radar antenna. Fragmentation is the
primary kill mechanism.””® Due to range and employment limitations,
only seventy-eight Shrikes were employed during Desert Storm; over half
by the Air Force and the remainder by the Navy and Marine Corps.**

22-’(S) The United States Navy in Desert Shield/Storm, Department of the Navy,
15 May 91, p 48.

284Gulf War Experience Sparks Review of RPV Priorities,” Aviation Week and Space
Technology, April 22, 1991, p 86.

29(SINF) Aircrew Weapons Delivery Manual (non-nuclear) Supplement, T.0. 1-1M-

34-1,17 Apr 87, pp 1-87 - 1-91.

20The USAF fired 53, USN 18, and USMC 7, respectively. (U) GWAPS Statistical
Compendium, Tables 188, 189, and 190, “Desert Shield/Storm: USAF, USN and USMC
Weapons Cost and Utilization (FY 90/918).”
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[DELETED].?!

AGM-88 (HARM): a High-Speed Anti-Radiation Missile (HARM)
designed to detect, guide to, and destroy radar emitters operating through-
out a wide range of frequency bands. [DELETED].?*

[DELETED].*® U.S. aircraft fired 1,961 HARMs in Operation Desert
Storm.2

[DELETED).
[DELETED].>*

Alarm: a short-range British antiradiation missile. It uses a
microprocessor-based, software-controlled broadband, microwave passive
‘seeker to guide the missile toward enemy radar emissions. Power is
supplied by a single two-staged solid-fuel rocket motor. Flight control
is through aft cruciform moveable fins actuated electrically. The seeker
can be programmed before and during flight with appropriate target radar
characteristics and threat priorities. The seeker switches on shortly after
release and homes directly on to the highest priority target. Should
Alarm fail to lock on a target because of transmission shut-down, it
climbs to an altitude of 40,000 feet and deploys a parachute upon rocket
motor burnout. The missile can hang on its parachute for several minutes
awaiting a hostile radar transmission, then dive in on the radar after
discarding the parachute. It has a high-explosive warhead with a Thorn-
Emi fuze. British Tornados fired 113 Alarms during Operation Desert
Storm.”*

BI(S/NF) Flight Manual Supplement, T.O. 1-1M-34-1, p 1-87.
22(S/NF) Ibid, p 1-94.
233(S/NF) Ibid, p 1-97.

2%The USAF fired 1,067; the USN 661; and the USMC 233. (U) GWAPS Statistical
Compendium, Tables 188, 189, and 190, “Desert Shield/Storm: USAF, USN, and UsMC
Weapons Cost and Utilization (FY 90/918).”

235(SINF) Flight Manual Supplement, T.0. 1-1M-34-1, pp 1-94, 1-97.
O] Operational Research Branch Headquarters Strike Command, p 8.
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Air-to-Air Weapon Systems

The Air Force F-15C and Navy F-14 aircraft were the primary air
superiority fighters used in Desert Storm, although other Coalition aircraft
achieved air-to-air kills. In all, Coalition fighters killed thirty-seven Iraqi
aircraft without suffering an aerial combat loss; the F-15C was credited
with eighty-seven percent of the total kills.

F-15C Eagle: a single-seat, all-weather,
extremely maneuverable fighter designed to gain
and maintain air superiority in aerial combat. It
has electronic systems and weaponry to detect,
acquire, track, and attack enemy aircraft while
operating in friendly or enemy-controlled airspace.
The F-15’s main advantage is its versatile
multimode, pulse-Doppler radar system. The system can track high-
flying as well as low-flying targets without being confused by ground
clutter-a true look-down shoot-down capability. The Eagle first flew on
27 July 1972 and its initial operational capability occurred in 1975.
Before the Gulf War began, over 1,100 had been delivered to U.S. Air
Force squadrons, and more than 280 additional aircraft had been delivered
to or ordered by Israel, Japan and Saudi Arabia.

Two squadrons, consisting of 24 F-15Cs from the 1st Tactical Fighter
Wing (Langley AFB, Virginia), were among the first U.S.-based aircraft
to deploy to Saudi Arabia on 7 August. A total of 125 F-15Cs eventually
deployed to Southwest Asia. This force represented about 28 percent of
the total Air Force inventory.”’ The U.S. F-15Cs flew 5,667 offensive
and defensive counterair missions during Operation Desert Storm, and the
72 Royal Saudi Air Force F-15s flew 2,080.2® Sortie lengths ranged
between 4.0 and 9.0 hours, as opposed to the shorter durations flown
during training exercises.

As the Air Force’s primary air superiority fighter, the F-15C was
responsible for manning the high-value airborne asset (HVAA) combat air
patrols (CAPs) over the mainland and generally for keeping the overland

7 Conduct of the Persian Gulf War, p T-57.

238Uy GWAPS Statistical Compendium, Table 96, “F-15C: USAF and Saudi Arabia

Sorties by Mission Type.”
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area free of Iraqi aircraft. The Eagles were used extensively for sweep
and escort missions early in the war when it was assumed the Iraqi Air
Force would contest Coalition air strikes. When the Iraqi Air Force
declined the fight, the Eagle was used mostly to protect against a “last
gasp” attack against the HVAA aircraft. CAPs were also set up over Iraq
to try and intercept Iraqi aircraft fleeing to Iran.

F-15Cs successfully accomplished these missions by flying two- and
four-ship formations. Formations included trail, offset trail, and line
abreast for sweep and force-protection missions. CAPs throughout Iraq
were supported by AWACS as F-15Cs sorted and identified targets ending
in pursuit to get within missile parameters for valid shots.
[DELETED].** In all, U.S. F-15Cs shot down thirty-one Iraqi aircraft;
twenty-three kills were with AIM-7s, and eight kills were with AIM-9s.2%
F-15Cs did not use their guns for air-to-air kills, but one did accomplish
a first by shooting an IL-76 Candid with its gun while the Candid
remained on the ground.?*!

A wide variety of armament could be carried on external weapon
stations. The number varied depending on whether the aircraft was fitted
with a conformal fuel tank. During Desert Storm, F-15Cs carried an
internal M-61A1 20-mm cannon, four AIM-9L/M Sidewinders, and four
AIM-7 Sparrow missiles.

F-14 Tomcat: a two-seat, twin-engine fighter
with variable-geometry wings. The Tomcat, the U.S.
Navy’s standard carrier-based fighter, is large, fast,
heavy and designed around its long-range AIM-54
Phoenix air-to-air missile and its pulse-Doppler,
multimode radar. F-14s also fly with a Tactical Air
Reconnaissance Pod System (TARPS) that incorporates
optical and infrared cameras allowing the aircraft to
perform a photo reconnaissance role without degrading its performance
in other roles. The first flight was on 21 December 1970, and initial

23%(S) USAF Air-to-Air Kill Matrix, Hq TAC/DOT (A-Team), 13 Nov 91.

2‘“)(S) GWAPS File CHST 8-6, U.S. Air Force Air-to-Air Missile Results, Quick Look,
USAFTAWC.

2'"(S) Desert Storm Air-to-Air Engagements, 3 Mar 92, “Air-to-Air Analysis in

Desert Storm,” p 32.
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operational capability occurred in 1973. During Desert Storm, the F-14
was still in production, and the U.S. Navy had 699 in service.

F-14s were deployed aboard five of the six carriers in theater and
operated from the Red Sea and the Persian Gulf. They flew fighter
sweep, CAP, escort, and fleet defense missions during Desert Storm.
Operations were conducted day and night, at all altitudes, depending on
the threat and specific mission objectives. On the opening night of the
war, F-14s joined with F-15s to perform a fighter sweep of Iraq, where
the Phoenix missile could be employed at its maximum range. Barrier
CAP missions also were flown to protect Coalition naval forces and Gulf
Cooperation Gouncil coastlines throughout the war. Later in the conflict,
F-14s were used to establish and maintain CAPs to intercept Iraqi aircraft
attempting to flee to Iran. The additional capability of the ‘¥ARPS system
provided daytime imagery for battle damage assessment, prestrike
planning, maritime interception operations, and detection of Scud missile
launch site locations.

During Operation Desert Storm, 109 F-14s flew 4,005 sorties.*> One
F-14 was lost, only 6 intercepts were flown, and F-14s shot down 1 Iraqi
helicopter.2

Armament included an internal 20-mm Vulcan Gatling-type gun with
675 rounds of ammunition, Phoenix, AIM-7, and AIM-9 air-to-air
missiles. Up to 8 missiles could be carried on the Tomcat in various
combinations: 6 AIM-54 Phoenix and 2 AIM-9s; 6 AIM-7s and 2 AIM-
9s; 2 Phoenix and 3 AIM-7s and 2 AIM-9s; or 4 Phoenix and 2 AIM-7s
and 2 AIM-9s.

22The majority of missions were as follows: 2,802 DCA, 607 oca, and 290
reconnaissance. (U) GWAPS Statistical Compendium, Table 95, “F-14: UsN Sorties by
Mission Type.”

8 Conduct on the Persian Gulf War, pp T-54 and T-55.
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Tornado F3/ADV: a long-range interceptor
with infrared AIM-9, Skyflash radar missiles, and
an internal 27-mm gun. [DELETED].2*
[DELETED].?®

Mirage 2000: an air-superiority fighter and
interceptor with initial operational capability in
1984. The French deployed twelve Mirage 2000s,
which flew mainly air defense CAPs along the
Saudi border. They were armed with IR Magic
and radar-guided Matra missiles.

Air-to-Air Weapons

This section begins with a general description of missile types,
followed by types of guidance, and ends with aerial missiles used in
Desert Storm.

Missile Types

A missile can be either guided or unguided. Unguided missiles
follow the natural laws of motion to establish a ballistic trajectory.
Guided missiles can either home to the target or follow a nonhoming
course. Nonhoming guided missiles are either inertially guided or
preprogrammed. Homing missiles can be active, semiactive, or passive.
An active missile carries the radiation source on board the missile.
Radiation from the missile is emitted, strikes the target, and is reflected
back to the missile. The missile then self-guides on this reflected

244Royal Saudi Air Force Systems Analysis, pp 159, 160.

25(U) GWAPs  Statistical Compendium, Table 81, “Total Sorties by U.S.

Service/Allied Country by Aircraft Type.”
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radiation. A passive missile uses radiation originated by the target or by
some source not a part of the overall weapon system. Typically, this
radiation is in the infrared (IR) region (Sidewinder) or the visible region
(EO Maverick), but can also occur in the microwave region (Shrike). A
semiactive missile has a combination of active and passive characteristics.
A source (launch aircraft) of radiation is part of the system but is not
carried in the missile. The source radiates energy to the target, and the
target reflects the energy back to the missile. The missile senses the
reflected radiation and homes on it.2#

Types Of Guidance

Guidance is the means by which a missile steers to a target. For
ballistic missiles, the guidance occurs before launch in the form of pre-
launch attempts to reduce aiming errors. For guided missiles, the guid-
ance occurs after launch. By guiding after launch, the effect of prelaunch
aiming errors are minimized. Post launch guidance can be done in the
following ways:

Lead Pursuit: the launch aircraft directs its velocity vector at an
angle from the target so that missiles or projectiles launched from any
point on the course impact on the target if within the range of the
weapon.

Deviated Pursuit: the missile tracks the target and produces
guidance commands to establish a fixed lead angle. When the fixed
lead angle is zero, deviated pursuit becomes pure pursuit. No Desert
Storm-vintage missile was designed to fly deviated pursuit.

Pure Collision: a straight-line course flown by a launch aircraft
or weapon such that it collides with the target.

Lead Collision: a straight-line course flown by a launch aircraft
such that it achieves a single given firing position. The time of flight
of the weapon is a constant.

26Flight Manual T.O. 1-1M-34, p 4-2.1.
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Command Guidance: the launch aircraft tracks the target with
one radar and tracks the missile with a second radar. A computer on
the launch aircraft determines if the missile is on the proper trajectory
to intercept the target. If it is not, steering commands are generated
by the computer and transmitted to the missile.

Beam Rider: the launch aircraft tracks the target with a V-shaped
beam. The missi