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Physics Demands
A New Basic
Combat Weapon

Joseph P. Avery, Ph.D.

MERICA’S NATIONAL SECURITY strategy demands that our combat

forces defeat enemy combatants across the full spectrum of battlefield
environments, not just leafy jungles or the plains of Europe. Despite an
increasing portfolio of enemies that are flexible, well armed, and robust,
our Army, Marine Corps, and special operations forces have been stuck for
decades hauling assault rifles firing NATO 5.56x45 millimeter (mm) (.223
caliber) varmint rounds over a half-century old. A decade into a new century,
we need to adopt a more robust projectile and basic combat weapon (BCW)
to meet current and emerging performance requirements. Despite incremental
improvements, the M16 rifle and its 5.56 mm NATO round are unable to
compete effectively in current and anticipated combat environments because
of the physics of ballistic performance, combat terrain, and the nature and
fighting characteristics of the enemy.

When the first official assault rifle appeared on the battlefield, the German
MP-44, named the “Sturmgewehr” or assault rifle, its purpose was to provide
German infantry with greater firepower by replacing the five-round, 8 mm,
bolt-action K98 Mauser with the 30-round, 7.92 mm, fully automatic assault
rifle. This development was a significant leap in firepower for the individual
combat soldier in World War II. It is no accident that the highly rated and
prolific Russian AK-47 looks very similar to the MP-44 that was introduced
five years earlier. Hugo Schmeisser, the captured German designer of the
MP-44, was working in the same Russian factory where Mikhail Kalash-
nikov was designing the AK-47, and Schmeisser obviously provided great
influence in the design.

Considering the evolution in small arms technology and combat require-
ments, the United States had to upgrade its BCW firepower leading to a
replacement for the powerful but heavy World War Il-era, .30 caliber, M-1
Garand and Browning Automatic Rifles. Follow-on BCW development was
influenced through an Army study by S.L.A. Marshall, Men Against Fire, and

July-August 2012 e MILITARY REVIEW



subsequent Marshall articles indicating that only
15 to 25 percent of our soldiers actually fired at the
enemy during World War II (50 percent in Korea).
Marshall claimed this to be a “universal prob-
lem.” Although Marshall’s research came under
broad criticism as significantly flawed, American
weapons development continued to assume that
we needed weapons that could discharge a large
volume of “shoot and spray” fire—not well aimed
and placed shots.

In the World War II Pacific Theater, shooting
at the enemy was a major problem because cam-
ouflaged Japanese forces hid in jungle growth or
in caves and fortifications and were difficult to
target. Except for Japanese suicide attacks and
occasional close encounters, soldiers fired in the
general direction of the enemy. They had no other
choice. The same issue arose in the jungles of
Vietnam, where the enemy was frequently unseen.
Today, the combat environment is very different,
and the enemy is frequently quite visible at all
ranges from close quarters to over 1,000 yards.

In 1957, the Army selected and issued the
20-round, automatic, 150 grain (gr.), 7.62x51 mm
M14 rifle as the new American BCW. It was not
enthusiastically embraced because it was too long,
too heavy (11.5 lbs loaded), and had a powerful
recoil (17.25 1bs). Despite these drawbacks, the
M14’s maximum effective range was a respect-
able 460 meters with the sniper version having a
range of 690 to 800 meters. Limited enthusiasm
about the heavy M14 led to an immediate search
for its replacement.

Eugene Stoner’s space-age design was the
result. Stoner’s “plastic” 5.56x45 mm (.223
cal.) M16, with the M193 55 gr. projectile and
a 30-round magazine was a light 8.79 pounds
loaded. Unfortunately, it has a propensity to jam
and fail due to its direct impingement method of
operation that vents gas and residue directly into
the internal action of the weapon. In both caliber
and design, the M16 was a dramatic departure
from any BCW previously adopted by the United
States. The Army later adopted the improved 62
gr., M855, 5.56 mm cartridge that was less effec-
tive than the M 193 against personnel under 200
yards, and more recently the 5.56 mm M855A1
“Enhanced Performance Round,” which is not
yet fully assessed.
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SPC Stephen Battisto, a cavalry scout and squad designated
marksman with 2nd Brigade Combat Team, 1st Cavalry

Division, steadies his aim while zeroing his M-14 rifle at a
rifle range near Camp Buehring, Kuwait, 14 January 2005.
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The advertised maximum effective range of
both the M14 with a 150 gr., 7.62 mm NATO
cartridge and the M16’s 62 gr., 5.56 mm M855
NATO cartridge was 460 meters. This equal clas-
sification is odd considering the dramatic difference
in cartridges.

“Effective” is the key word. In this instance, it
denotes the maximum range a projectile is expected
to inflict casualties or damage. Both projectiles
fired at a paper mache mannequin at 460 meters
may sail the distance, but one will probably bounce
off. As previous studies concluded, a truly lethal
maximum effective range for an M885, 5.56 mm
NATO projectile is about 200 to 250 meters (218-
273 yards). Therefore, because half of our firefights
occur well beyond 300 meters, our weapons are
marginally effective.

An excellent 2009 U.S. Army Command and
General Staff College study, Increasing Small Arms
Lethality in Afghanistan, brilliantly summarized the
problem, and it is not limited to Afghanistan. The
study concluded that American military weapons,
cartridge lethality, combat optics, doctrine, and
marksmanship training are vastly inadequate, cost-
ing American soldiers their lives. After a moun-
tain of operational evidence concluding that the
American military’s BCW was vastly inadequate
to address a broad array of battlefield dynamics,
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the Army finally started to take steps to improve
the M16’s maximum effective range and lethality.

The M16’s weight, range, and caliber proved
good for leaf-penetrating jungle warfare, but less
so when fighting in deserts, mountains, valleys,
and close quarters combat. The Army itself demon-
strated proof of the M16’s obsolescence when the
101st Airborne and other units started using sig-
nificantly enhanced 7.62 mm M14s in Afghanistan
in mountain battles where the M16A4 and M249
proved basically useless. In the interim, the soldiers
themselves used captured AK-47s to better compete
in the mountainous terrain. As the title of this article
emphasizes, we are clearly outgunned, and that situ-
ation will continue as we fight a geo-diverse global
war on terrorism and face advanced new weapons,
such as the AK-12, the Sth-generation Russian AK.

A New BCW

The basic combat weapon requires a focused
transfer of energy downrange sufficient to inca-
pacitate the enemy across a broad spectrum of
combat environments. Both a new cartridge and
more reliable platform are long overdue to meet
these requirements. The new cartridge and firing
platform must not only prove effective at close
quarters, but must also have the ballistic horsepower
to effectively negotiate steep mountains, cross far
ridges at mid-to-long range, and engage long-range
targets across desert terrain. The new cartridge and
firing platform must have the capability to penetrate
through vehicles at a distance, excel at rooftop-to-
rooftop fighting, double as a long-range sniper rifle
if needed, and be highly reliable. If well designed,
the cartridge could also replace the 5.56 mm squad
automatic weapon (SAW) and possibly the 7.62 mm
machineguns, providing a significant cost savings.
Affordability requires that we attempt to reduce the
current and stove-piped weapon systems for each
type of fire, including direct assault, close quarters,
suppression, sniper, and vehicle incapacitation.

In another attempt to address the significant
shortfalls of our current BCW, the Army recently
developed the lead-free, M855A1, 5.56 mm, 62 gr.
Enhanced Performance Round, tipped with a steel
arrow penetrator and more powerful propellant.
According to an Army report, the “super round” has
better armor-penetrating performance at 350 meters
than both the 5.56 mm M55 and 7.62 mm MS80,

as well as better hard-target performance than the
7.62 mm, and is highly accurate up to 600 meters.
It also has better vehicle, glass, and structural
penetration abilities, and snipers have reportedly
killed enemy combatants up to 700 meters away
using the new round. However, it is too early to
assess the long-term performance of this new
round in a broad range of combat scenarios and
environments, including what adverse impact it
may have on the M16, M4, or M249 platforms.
The community of firearms and ballistic experts
has not had an opportunity to independently test
the ballistic and terminal performance of this new
round. Although the Army increased the muzzle
velocity to 3,150 fps. and added a steel penetrator,
it is still only a 62 gr. projectile.

The M16 has had two problems in the past: a
cartridge with a projectile that is far too small (62
gr.) and underpowered, and a weapon platform
that is unreliable and prone to jamming because
of basic design flaws. It appears the military will
go to any length to continue to nibble around the
edges to keep this half-century old, 5.56 mm Cold
War-relic cartridge operational. If the Army wanted
to enhance a cartridge, it should have enhanced a
cartridge of greater substance and redesigned a
reliable platform around it.

In terms of short-range and close quarters combat
requirements, our forces are facing enemy char-
acteristics similar to those of the Moro guerrillas
during the Philippine-American War and Japanese
during World War II. The Philippine-American
War combat environment led to development of
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The new M855A1 Enhanced Performance Round offers
better performance than the M855 against all targets likely
to be engaged with small arms. (DOD)
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the Model 1911 230 gr., 45-caliber pistol. Similar
to today’s Al-Qaeda Muslim extremists, Moros
had high battlefield morale and often used drugs to
heighten courage and inhibit the sensation of pain.
Ammunition with significant stopping power was
required to repulse their fanatical attacks. During
World War II, the .45 caliber, automatic Colt pistol
(ACP) 230 gr., full metal jacket round at 850 ft/s also
passed the test against the fanatical Japanese forces
and frequent suicide attacks.

By contrast, there have been many instances,
especially in close quarters, house-to-house combat
in Iraq, when the small 5.56 mm projectile, with a
high velocity of 3,000 ft/s, would zip through an
enemy combatant center mass without causing effec-
tive incapacitation, allowing further attacks on our
forces. The projectile’s entrance and exit occurred so
quickly (the ice pick effect) that the enemy combat-
ant did not realize he had been shot until later when
either additional rounds or internal blood loss finally
downed him.

Soldiers have been clamoring for a new caliber
(and more reliable) weapon to ensure single-shot
knockdowns at close range and to effectively address
the diverse, longer-range shooting environments cur-
rent and future combat forces experience as they face
significantly heavier caliber weapons of significant
range and energy.

Meeting the Challenge

The enemy is well aware of the M16’s weak-
nesses. New calibers and platforms have been
developed in the United States and tested by fire-
arms experts in an attempt to meet the aforemen-
tioned challenges.

Two examples are the Barrett 6.8 SPC (Special
Purpose Cartridge) Remington and the Alexander
Arms 6.5 mm Grendel. Both were extensively tested
and appear to well outperform the M885 5.56 mm
NATO round. In Afghanistan, a Jane s Defense
Weekly posting in the Pakistan Defence Forum
claims that more than half of Taliban small-arms
attacks on British patrols took place between 300 and
900 meters, well outside the 5.56 mm NATO round’s
effective range. The enemy is well aware of this and
positions his forces accordingly. It is not certain what
additional range the 5.56 mm Enhanced Performance
Round will realize in a mountainous environment,
nor what its terminal effectiveness is at any range.
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The enemy is well aware of
the M16’s weaknesses.

When U.S. forces are fighting mountain battles
firing uphill or across mountain ridges with such
a small caliber BCW, heavier enemy AK-47,
7.62x39 mm and larger caliber rounds rain down
on them. Worse, the enemy’s AK-47 has a signifi-
cantly higher reliability rate than the 5.56 mm M4,
M16, or SAW family, regardless of the cartridges
we adopt.

Although every serious comparative assessment
by a broad range of national and international
weapon experts has concluded that our current
BCW is operationally timeworn and has been for
decades, our half-century old 5.56 mm family
of weapons remains in use. The M 16 appears to
have taken on the mantle of the “Holy Grail” of
the American military, never to be criticized or
challenged. After decades of dissatisfaction with
the BCW platform, the Army finally managed to
squeak out the aforementioned enhanced 5.56 mm
cartridge (the M855A1). Weapons development
and procurement normally follow the dictates of
technology and the battlefield, so it is surprising
that it took over 50 years to make any significant
improvement to our BCW.

Ballistic Performance

The physics of external ballistics and current
and future combat environments appear to demand
a new caliber of weapons—whether or not based
on the M16 chassis. Many firearm experts, combat
users, and studies have recommended the heavier
and modernized 123 gr., 6.5x39 mm Grendel Lapua
Scenar cartridge as a replacement for the current 5.56
mm NATO and possibly the 7.62 mm NATO as well.
‘With double the mass of the 5.56 mm NATO, the bal-
listics of a 6.5 mm 123 gr. Lapua Scenar projectile
far outperforms the M16’s 5.56 mm, the AK-47’s
7.62x39 mm, the Barrett 6.8 mm SPC (110-115 gr.),
and it flies faster, farther, and with significantly less
recoil (9.23 Ibs vs. 17.24 Ibs) than the 7.62 mm NATO
round. The superior ballistic performance (Ballistic
Coefficient [BC]=.547), low recoil, higher accuracy,



longer range, and superior reliability of a 6.5 mm
basic combat weapon against the 5.56 mm M16
and AK-47’s 7.62x39 mm should at least raise
the possibility of replacing the 5.56 mm family
of weapons with a new platform and cartridge.
The ballistic coefficient measures the ability of
the projectile to retain velocity and resist wind to
target, and the higher the ballistic coefficient, the
more efficient the round. A 5.56 mm M885 NATO
has a ballistic coefficient of approximately .250
versus .547 for the 6.5 mm. It also appears that
the Grendel 6.5 mm or similar cartridge with its
higher sectional density, heavier and flatter shoot-
ing projectiles (90 gr. to 144 gr.), and effective
long-range killing power proven on animals up
to 500 pounds in mountain environments, offers
a solution that deserves consideration.

The figure below compares the performance of
the three calibers fired from a 24-inch barrel at 600
yards, with environmental conditions of 70° F, 50
percent humidity, at an elevation of 50 feet above
sea level, using a Grendel 6.5 mm, 123 gr. Lapua
Scenar round against M885 and M80 NATO pro-
jectiles. There are heavier projectiles available for
the 6.5 mm that would change the performance
below, but the 123 gr. weight projectile provides
the optimal performance.

Although additional testing of both external and
terminal ballistics of various projectile configurations
is necessary to attain an optimal effectiveness over
a broad spectrum of combat environments, one can
deduce that a more robust and heavier alternative
to the 5.56 mm NATO is needed. That alternative
would be compatible with the U.S. military’s histori-
cal desire and battlefield experience to keep BCW
ballistic performance around a .30 caliber package
(M1903 Springfield 30-06 cal., M1 Garand 30-06
cal.,and M14 7.72x51 mm NATO—a shorter 30-06
cartridge), and with its history of using a 6 mm car-
tridge (112 gr.-135 gr.) in combat.

The American 6 mm Cartridge

Proven in Combat

In 1895, prior to introduction of the 1903 30-06
Springfield, the Navy and Marine Corps adopted the
Lee Navy Rifle Model 1895 as their basic combat
weapon, using the Lee rifle 6 mm cartridge, the first
cartridge designed for use in both rifles and machine-
guns (Colt-Browning Model 1895 machinegun).
The 6 mm cartridge was lighter, more accurate,
and demonstrated better penetrating power than the
military’s previous .30-40 Krag cartridge, and had
been used successfully in many battles. Although

(At 600 yards) NATO 5.56 OTM
Velocity (fps.) 1,558
Energy (Ft/lbs.) 415

Drop (inches) -91.08
Max Yds. Supersonic 875
Recoil (lbs.) 5.40

NATO 7.62 OTM Grendel 6.5 OTM
1,666 1,861
1,079 946
-96.95 -81.10
1,075 1,275
17.24 9.23

Note: OTM = Open Tip Match Projectile
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the current 6.5 mm is a more powerful and modern
cartridge, the 6 mm Lee Model 1895 with a 135 gr.
projectile at 2,469 fps is the closest technical cousin
that the American military has fielded effectively
in harsh combat conditions. It was first used during
the Spanish American War of 1898.

The 6 mm Lee Rifle was carried by the First
Marine Battalion (Reinforced) in various battles to
capture Guantanamo Bay, Cuba, in 1898. Accord-
ing to a 15 June 1898 report by Captain George
Elliott, commander of the expedition of 225
marines to capture Cuzco Wells from an enemy
force of approximately 500 Spanish, the marine
battalion used the new 6 mm Lee Rifle effectively
at ranges of 800 yards. In addition, Private Frank
Keeler reported that his Company D set their sights
at 1,200 yards and effectively fired well-aimed
shots at the enemy. Most fire during the mountain-
ous campaign ranged from 600 to 1,200 yards.

According to reports, the marines used delib-
erate, well-aimed volley fire in an environment
of high mountains, ridges, valleys and dense
chaparral. A 29 June 1898 New York Sun article
written from the war zone on the rifle’s perfor-
mance reported that despite periodic issues with
the extracting mechanism and the bolt stop, the
weapon performed well, as did the 6 mm cartridge.
According to the field report, the enemy suffered
severe wounds “due to the enormous velocity of
the projectile, which caused an explosive effect.”
The decimated enemy thought they were under
machinegun fire due to the weapon’s range and
rapid fire.

Marine sharpshooters also effectively used the
flat shooting and accurate cartridge of the 6 mm
Lee Rifle during the Chinese Boxer Rebellion of
1900 to knockout artillery battery crews at long
range. Although the Lee Model 1895 rifle was
not the ideal BCW and was soon replaced by the
superior 1903 Springfield 30-06 cal., the 6 mm
cartridge performed well under diverse and harsh
combat conditions at both short and long range.
One benefit was that the 6 mm was a lighter
cartridge to carry than .30 cal ammunition, and
that was important in the mountainous and jungle
terrain.

Using an M16A4/M4 equivalent chassis to save
cost, the powerful, highly accurate, and flat-shooting
6.5 mm round is capable of incapacitating the enemy
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at five as well as 1,000 yards with far greater pen-
etration against vehicles and other hard targets than
the standard 5.56 mm NATO. You can fire inside
buildings single-shot or full automatic with a sound
suppressor. Place effective optics on the weapon, and
it will knock the enemy off mountain and building
tops at over 1,000 yards (1,300 fps @ 462ft/Ibs.)
without calling in a special sniper team. A five-shot
grouping will easily fall within a 4.5-inch square at
600 meters. A belt-fed 6.5 mm SAW variant could
potentially replace current light and medium machine
guns, and give excellent performance across-the-
board. Additional lab, field, and operational testing
would have to be performed to optimize cartridge
configuration and weapon design. Snipers or belt-
fed machinegunners may desire a heavier load than
the 123 gr. and may opt for a 130 gr. or 140 gr. 6.5
mm projectile. There is also a possibility that a 6.5
mm cartridge, which fits into the 5.56 mm magazine,
could also be “enhanced” with a steel penetrator
and more powerful propellant. That would provide
the 123 gr. package with theoretically double the
devastation and longer range than the M855A1
Enhanced Performance Round, giving our forces the
edge in any combat environment and at any range.
However, a big question and possible drawback with
the “enhanced” version of any caliber cartridge is its
terminal effects at very close range with a possibility
of severe “ice picking,” a problem with the current
MS885 5.56 mm.

A Versatile and Reliable BCW

United States combat forces require a versatile
and reliable BCW with the ability to incapacitate the
enemy at close quarters with sufficient ballistic energy
to smack-down enemy forces with authoritative force
at long distance. We can either analyze the newly
developed and currently existing 6.5 mm cartridges,
or attempt an expensive development of a new family
of ammunition. Assessing the recently developed
123 gr. Lapua Scenar 6.5 mm, with its high veloc-
ity, flat trajectories, and greater knockdown power
than the 5.56 mm well beyond 600 meters, may be a
place to start. The new family of 6.5 mm projectiles
has over twice the lethality of the 5.56 mm, M885
NATO round, and regardless of the configuration,
with a 123 gr. projectile that does not go subsonic
until 1,275 yards, if you can see a target, you can
theoretically hit it.



Using a standard M16A4 rifle, the 5.56 mm
(M855) performance with a 62 gr. bullet at 500
yards (457 meters) attains 1,739 to 1,884 fps veloc-
ity with 489 to 517 ft/Ibs of knockdown energy. In
contrast, a standard 6.5 mm 123 gr. Lapua Scenar
bullet using a 24-inch barrel performs at 1,875 fps
with 961ft/lbs of energy. For a more eye-opening
comparison, a large 230 gr., .45 cal. automatic Colt
pistol full metal jacket Model 1911 automatic, fired at
point-blank range, has a muzzle velocity of 835 ft/sec
with 414 ft/lbs of knockdown energy. As described
in the previous chart, the 6.5 mm 123 gr. Lapua far
exceeds this kill capability at over 600 yards. This
performance helps keep friendly forces outside the
enemy’s effective kill radius by outranging enemy
forces with a greater reach and knockdown capability.

Current 6.5 mm BCW Contenders

Tactical Rifles, Inc. developed an M40 6.5x47
mm sniper rifle that produced shot groups between
.025” to .05” at 100 yards, and 1.5” at 350 yards
with an effective range of over 1,000 meters (1,093
yards). This means that every unit can have light
weight organic sniper support without waiting for
limited and highly specialized sniper teams. These
are significant improvements in firepower capabil-
ity that we have today, not 10 years from now. A
6.5 mm magazine with the same dimensions as a
30-round, 5.56 mm magazine will hold 26 rounds.
Although each magazine will hold four rounds
less, each round is far more powerful and flexible.
The key is to match the 6.5 mm cartridge with an
improved weapon platform.

The Alexander Arms 6.5 mm ultra-light Grendel
is another well designed 6.5 mm assault rifle that
outperforms the current M16A4 in power and reli-
ability. The Grendel uses a more reliable piston
gas system that is difficult to jam, even after firing
hundreds of rounds and being exposed to water,
mud, and sand.

Although not a 6.5 mm, another competitor that
outperforms the M 16 is the Barrett 6.8 SPC REC7.
Unlike the Lee Navy Rifle example of an entirely
new weapon, both the Alexander Arms 6.5 mm

Grendel and the Barrett 6.8 mm REC7 are compat-
ible with the current M16A4 and M4 configurations,
reducing training and orientation requirements, yet
the Grendel has superior performance improve-
ments over the M16A4 and M4, such as a gas-piston
operated design for high reliability in combat, the
ability to resist jams, and a more powerful cartridge.
The important difference between the two is the
weapon caliber, 6.5 mm versus 6.8 mm. The 6.5
mm gives better performance over longer ranges
and fits in the 5.56 mm magazine.

Additional testing is required, and there is always
the option of designing an entirely new platform
around the current or an enhanced 6.5 mm car-
tridge. It may be prudent to release a group of 6.5
mm, M16-chassis weapons for operational field
testing in Afghanistan by deployed forces to test
against the 5.56 mm M885, M885A1 Enhanced
Performance Round, and AK47. Research should
look into possible enhancement of an even more
powerful 6.5 mm Enhanced Performance Round,
but the enhanced round may not be ideal under all
combat conditions.

Training would be modified to teach person-
nel to take advantage of such a powerful weapon
through use of more controlled aim-and-fire opera-
tions versus point and spray. The ammunition carry
weight is slightly increased, but the gain in soldier
confidence and combat power, range, reliability, and
accuracy may be worth the tradeoff. A basic load
of 210 rounds of 6.5 mm, 123 gr. Lapua Scenar
ammunition will weigh about 2.4 pounds over the
current 5.56 mm combat load. Each round weighs
more, but each contains far more kill capability at
all ranges.

Does another half-century have to pass before
American forces shoulder a basic combat weapon
that is reliable and can match the full-spectrum
combat environments faced by current and future
American combat forces? Do we really need
another major study to bury this issue when good
replacement systems already exist?

The time has arrived for our military forces to
have a basic weapon that can effectively compete
against the capabilities of our adversaries. MR

July-August 2012 e MILITARY REVIEW




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 100
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


