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This paper will only address the technical aspects of the ELF system.  There are other aspects
outside the scope of this paper which are also important -- including but not limited to human health
and environmental hazards, economic priorities, and morality.  Neither does this paper delve into the
history of ELF communications, which are covered in another PLRC paper.1

ELF radio signals are considered useful for one-way communication to submarines because
they penetrate seawater to depths of several hundred feet.2    ELF is the only available system which,
according to the US Navy, will allow continuous contact with submarines while they are at patrol
depth and cruising speed.  That statement will be discussed later.  First, let us look at how ELF
operates.

A. HOW ELF OPERATES
Project ELF has antennas in northern Wisconsin and in the upper peninsula of Michigan

because the underlying layers of low-electrical-conductivity rock -- the hard Precambrian granite
called the Laurentian Shield -- provides the optimum substructure for ELF transmission.

In northern Wisconsin the ELF antenna is in the Chequamegon National Forest south of Clam
Lake.  It consists of 28 miles of antenna cable strung above ground on poles.  This antenna is in two
segments of 14 miles each which are laid out in the form of a cross to provide bidirectional
transmission.

Michigan has 56 miles of cable, in the Escanaba State Forest -- exactly double the length of
the Wisconsin facility.  It is also above ground and terminates at K.I. Sawyer Air Force Base.
Pentagon officials say the Wisconsin and Michigan transmitters are connected by "secure data links."3

  Each transmitter could work independently but the signal strength would be lower.
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The lower the conductivity of the underlying rock formation, the more efficient the ELF
antenna becomes.  When the antenna current passes through the rock between the two grounded ends
of the antenna, it electrically forms the lower half of the antenna loop.  For high conductivity rock the
current will complete the loop in a shorter path and only penetrate a few hundred feet deep.  In the
case of low-conductivity rock, such as the Laurentian Shield, the antenna current forms a loop some
10,000 feet deep, thereby radiating a much stronger signal for a given antenna current.

As the signal completes the loop deep in the earth from one end of the grounded antenna
segment to the other, it transmits ELF signals into the atmosphere, where they are trapped between
the earth and the ionosphere (a band of electrically charged particles in the upper atmosphere) and
channeled along the earth’s surface.  US ELF transmitters operate at 76 cycles per second (Hertz,
or Hz).  A 76 Hz ELF wave has a length of approximately 2,500 miles.  It will form ten complete
waves around the earth, which is about 25,000 miles in circumference.  These waves meet each other
in phase on the opposite side of the earth and continue to reinforce one another and lose very little
strength.  This Schumann wave resonance, as it is called, reinforces and strengthens the transmitted
signals. 

When the ELF wave passes across the earth in this earth-ionosphere waveguide, it is bent
along the earth at the surface.  The wave actually develops a horizontally polarized component and
a vertically polarized component.4   The horizontal electric field can penetrate several hundreds of feet
down into the ocean.  Appendix-B illustrates ELF wave propagation.

Navy officials use the phrase "hundreds of feet below the surface" to describe ELF ocean
penetration.  But development of an electronic amplifying device called a superconducting squid
magnetometers could increase ELF reception to depths of 1,300 feet or more.5

ELF waves travel at the speed of light but they are slow for communication because it takes
time to build up resonance, or strength.  Messages are sent in binary form -- that is, in either "zeros"
or "ones."  Each shift from 76 down to 72 Hz or from 76 up to 80 Hz represents either a "zero" or
a "one."  An ELF transmitter can shift 16 times per second.  Each shift is called a "bit" of information.
It takes 5 bits arranged in various combinations to make one letter of the alphabet.

Since the ELF transmitter can send 16 bits of information a second, it would seem that it
could send slightly over 3 letters per second.  This is not true because the signal would be too weak
to penetrate the ocean.  Each signal has to be repeated many times to built up sufficient resonant
strength.  How many times, or how long it takes, depends chiefly on the size of the antenna grid.
Project ELF will barely transmit one bit per minute -- or about five minutes to send one letter.

A system of 2- and 3-letter codes has been devised in which various combinations indicate
certain predesignated messages.  That provides for 17,576 messages.  (With 26 letters in the alphabet:
26 x 26 x 26 = 17,576)  The Project ELF system takes about 15 minutes to send such a message.

ELF transmitters operate continuously, whether there are messages to send or not.  This
serves two purposes.  One is that the transmission level remains constant and the Navy won't tip its
hand by an increase of activity.  The other is that if transmissions should cease for any reason it would
be a signal for the submarines to send an antenna to or near the surface to determine what is
happening.
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Although ELF has a very slow transmission rate, it has other advantages.  Besides deeper
water penetration, the slow rate of transmission is accompanied by an extremely long wavelength
(2,500 miles) which makes ELF difficult to jam and resistant to nuclear blackouts.

B. ELF IS REALLY NOT NEEDED
In the opening paragraphs of this paper it was pointed out that the US Navy claims ELF is

the only available system which provides continuous contact with ballistic missile submarines while
they are at patrol depths and cruising speeds.  Let us examine both of those aspects -- patrol depths
and cruising speeds.

1. What Are The Patrol Depths?
The Navy implies that to receive messages by other means than ELF a submarine must

periodically leave the safety of the depths to put an antenna on or near the surface.  This is because
the fleet broadcasting network and TACAMO communications aircraft send messages in the very low
frequency (VLF) range which only penetrate seawater 30-40 feet.  Antennas at such shallow depths
create surface disturbances which could be detected.6  Admiral Harry D. Train II, while Commander
in Chief of the Atlantic fleet, said in 1980 that present systems "require that our strategic submarines
have a receiving antenna continuously deployed at or near the surface."7  (Strategic submarines are
the ballistic missile launching submarines, or SSBNs -- which today is comprised only of Trident
submarines.)  While the technical; characteristics presented for VLF and ELF water penetration may
be accurate, the need for the deeper water penetration of ELF is deceptive.  Admiral Train did not
say that keeping those receiving antennas “at or near the surface” presents a threat to any submarine’s
security.  Let me review some testimony over the years.

In 1978, "Admiral Hyman G. Rickover is quoted as saying that despite the 1,500 sixty-day
patrols that have been carried out by the 41 US Polaris [and Poseidon] submarines since they became
operational in 1960, the Soviet Union has yet to detect even one of them."8  

Three years later, in 1981, Admiral Thomas B. Hayward, then Chief of Naval Operations, told
Congress: "No threat has emerged that causes us concern about our SSBN [nuclear-powered ballistic
missile submarine] force.  And, therefore, it is not essential to press on with ELF at the present time."9

  In that same year, then Navy Secretary John F. Lehman recommended to Defense Secretary Caspar
Weinberger that the ELF communication system be shelved.10  

A year after that, in March 1982, Vice Admiral N.R. Thunman, then Deputy Chief of Naval
Operations for Submarine Warfare, told Congress: "Through 1981 we have conducted more than
2,000 strategic deterrent patrols, and I am pleased to report that our fleet ballistic missile submarine
today is just as secure and invulnerable as it was when [the] George Washington went to sea in
1960."11  
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Rear Admiral Raymond G. Jones Jr., then Deputy Assistant Chief of Naval Operations for
Undersea Warfare, testified on 7 June 1991 that, "the Soviets do not currently threaten US SSBNs
in the open ocean, nor do we see indications of a future threat."12  

More recently, in January 1993, then Defense Secretary Dick Cheney reported: "The ability
of the SSBN force to remain virtually undetected at sea makes it the most survivable and enduring
element of the US nuclear force structure."13   

The simple fact born out by this testimony is that Trident submarines just aren't vulnerable,
never have been, and never will be -- even with an antenna continuously deployed for continuous
contact.  The end of the cold war, and the strained economy of Russia, make Trident submarines even
more secure.  The claim that ELF is needed for submarine security is a fabricated justification.

2. Cruising Speed vs. Patrol Speed.
 The Navy also implies that submarines must slow down from “cruising speed” to receive

messages by other means of communication.  But submarines on patrol are not up to cruising speed,
they travel at a slower “patrol speed” so as to reduce cavitation noise which is very detectable by
enemy sonar.  We are also told that to minimize the disturbance caused by an antenna at or near  the
surface, the submarine must go slower -- 10 knots (nautical miles per hour) for an antenna on the
surface or 5 knots for an antenna buoy at shallow depths.14  However, according to the above-
mentioned testimony, the submarines are invulnerable and in constant contact with an antenna or
antenna buoy continuously deployed.   That means the sub must be going at a reduced speed (patrol
speed) of no more that 10 knots anyway.  Furthermore, the submarines are “on station” as soon as
they leave port -- meaning they have their missiles already targeted.  There is no need to travel fast
to get to their patrol area because they are already there.  There is no need to exceed this patrol
speed.

Another thing to consider is that in order to receive ELF signals the submarine must tow an
antenna array even longer than the miles-long VLF antenna they now have to reel out.  That would
certainly slow the submarine down considerably.  It is reasonable, then, to assume that when the
submarine is traveling at “cruising speed” they are out of contact anyway with no antenna of any
description deployed.  Either that or the submarine skipper feels so secure that he is not worried
about the disturbance caused by an antenna being towed -- either deep or near the surface.

C. ELF IS NOT PART OF A DETERRENT SYSTEM
From those who believe America’s nuclear doctrine is to use the weapons only for retaliation

after the enemy strikes first, we hear the argument that retaliation to an enemy attack requires that
the submarine be called up from the depths to receive instructions.  That argument won't stand.  As
pointed out above, strategic submarines have a receiving antenna continuously deployed at or near
the surface.  In addition, after absorbing a first strike on the US, there would be no ELF system left
to call up submarines.  ELF antennas are so exposed they could never withstand a first strike.
Moreover, they are vulnerable to even conventional sabotage should hostilities be on the verge of
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breaking out.   Vice Admiral R.Y. Kaufman pointed out in 1978 that even the previous concepts for
ELF, which had antennas buried deeply underground, were not survivable.15

In addition to that, there is no hurry for retaliation.  It is the knowledge that retaliation is sure
to come that is supposed to deter an enemy from striking first.  How soon is not a question.  So there
is no hurry for the submarines to surface.  If the nature of strategic submarines is to retaliate only, and
assuming those subs are actually out of contact, the firing orders can be given next time they put up
an antenna for a routine check.

D. ELF IS PART OF A FIRST STRIKE SYSTEM
ELF has always been justified as the means of making ballistic missile launching submarines

safe from attack. If we give the Navy the benefit of the doubt and allow that submarines may at times
be out of communication, the credibility of ELF can only be associated with a first-strike system.

A first-strike system has five elements: (1) an anti-satellite warfare capability to destroy enemy
early warning and communications satellites to delay sending the launch-on-warning command to
enemy missiles, (2) precision weapons, such as Trident missiles, to destroy enemy silo-based missiles
before they are launched, (3) an anti-submarine warfare capability to instantly and simultaneously
destroy enemy missile-launching submarines, (4) a limited ballistic missile defense capability to
intercept any surviving enemy missiles that are launched in retaliation, and (5) the command, control
and communications network to coordinate all of the first four elements.16  ELF fits into the fifth
element.

For a first strike, ELF would play a vital role in secretly bringing all submarines into faster
communication to coordinate targeting and timing. For warheads which travel at different speeds and
over different distances, the timing is critical if they are all to arrive at their targets simultaneously.
Failing that, a phenomenon called “fratricide” could cause early nuclear explosions to destroy later-
arriving warheads.  If that happened, the first strike would be incomplete and retaliation would be
immense.  Let us look into this further.

1.   ELF as a Bell Ringer to Call Up Submarines.
Again, there is only one very limited use for ELF.  That is, as Navy Captain Ide stated in a

letter, "to communicate with submarines operating deep below the ocean's surface."17   Of course this
communication is all one way, and ELF is so slow and cumbersome that it would not work for
transmitting commands during the heat of battle.  In short, all that ELF can do is call a submarine up
to a depth where it can receive instructions by faster means of communication.  Even that would take
10-15 minutes using 2- or 3-character coded messages.

Congressional hearing transcripts are replete with testimony saying ELF is a system to call
up submarines to receive other means of communication.18   These could be any submarines but other
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testimony narrows the primary purpose down to submarines carrying nuclear weapons.  In 1978 Dr.
Gerald P. Dineen -- then Assistant Secretary of Defense for communications, command, control and
intelligence --  testified that "a submarine can be alerted with the scaled down ELF system to place
an antenna on or near the surface and receive the EAM by other communication means; i.e. by very
low frequency or satellite communications."19   EAM is an acronym for Emergency Action Message,
which in turn is a euphemism for the command to launch nuclear missiles.  Only submarines carrying
nuclear weapons would receive an EAM.  Dineen’s testimony was immediately after Vice Admiral
Kaufman had testified in the same hearing that ELF would not survive an atomic exchange.20    The
targeting instructions to which Dr. Dineen was referring could only be for a first strike.

ELF would be the "bell ringer" to put the sub's antenna on the surface where it could pick up
the much more rapid satellite communications.  Then DARPA Director Robert Cooper revealed in
April 1983 testimony that submarines are being equipped with extreme high frequency (EHF) satellite
receivers.  Cooper said: "That combination of ELF bell-ringer and the EHF capability should provide
appropriate communication to our submarines in the latter part of (censored).21  

It makes sense to use the faster EHF for sending targeting instructions to Trident strategic
submarines because avoiding detection would be a moot point at the time of launch.  The submarine
must approach the surface anyway because missiles cannot be launched from great depths.  There are
also activities required to stabilize the submarine at essentially zero speed during the missile launch
mode -- activities which would be far more noisy and detectable than an antenna towed along the
surface.  In light of ELF not being a survivable system, Dr. Cooper's testimony, cited above, is tacit
admission that ELF is the triggering signal for a first strike.

2.   ELF as the Trigger for a US First Strike Capability.
The US Navy does not admit that ELF is part of a first-strike capability but any association

with Trident puts it in that category.  The Trident submarine and missile system has all the capabilities
for a first strike -- secret launch point, ability to hit the target from many directions, short flight time,
hard-target accuracy, and strong explosive force.  ELF, by calling up Trident submarines to receive
the EAM, provide the initial triggering of that first strike.

The earliest testimony to my knowledge which links ELF to a first-strike capability took place
in 1973.  When Vice Admiral Kaufman was asked if the deployment of Trident submarines was in any
way dependent on the ELF system, he replied: "Yes, in that the Trident ... would require a capability
to deliver a message to it in some timely fashion ...  For example, were you to consider the Trident
or any submarine in the role of retaliatory only, striking urban and industrial targets only, you would
accept (censored) delay.  On the other hand, were you to demand from the system response to a
time-sensitive target ... you would expect response in a matter of (censored).22  

Even though the censor has scratched the response times, the sentence structure and context
indicate that the time-sensitive targets are those you would aim at in a first strike -- the opponents
missile silos and command posts which would have to be destroyed before their missiles are launched.
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ELF is not needed for retaliation because there is no time urgency involved.  It is the threat
of eventual retaliation, not how soon the retaliation will take place, that would deter an aggressor
from initiating a first strike.  For a first strike, however, ELF would play a vital role in secretly
bringing all submarines into communication to coordinate targeting and timing.

3. Sending the EAM to Attack Submarines (SSNs). 
Although ELF is planned primarily for one-way communication to nuclear-powered ballistic

missile launching submarines, attack submarines also fit into a first-strike scenario.  As early as 1973,
Admiral Kaufman said: "I also see that the [ELF] will be a very effective system for just general use
in alerting SSNs, attack submarines, for example (censored) to receive a message."23

During fiscal year 1984 hearings, Vice Admiral Gordon R. Nagler, then Director of Command
and Control for the navy, stated: "ELF is for both the ballistic missile submarines and the attack
submarines.  It will free those submarines from staying close to the surface in order to receive
communications."24 

Using ELF for “just general use” and as a convenience would be a spin-off from its primary
function, and not a valid justification for the expense of constructing and operating the ELF facility.
But during the fiscal year 1985 Congressional testimony Admiral Watkins, then Chief of Naval
Operations, elaborated.  He said ELF "is the system that we need desperately to insure the maximum
alert potential, not only of the SSBN force, but also the SSN [attack submarine] force since
Tomahawk nuclear tipped missiles enter the fleet this summer."25  

Notice that Admiral Watkins specifically referred to the "nuclear tipped" Tomahawk cruise
missiles, which are the ones that would give attack submarines strategic significance, and which,
because of their low flight path, would be useful in overcoming the fratricide environment of a first
strike.  In that sense, attack submarines may also receive an EAM.  Although nuclear weapons have
been taken off surface ships, “the capability to deploy Tomahawk Land Attack Missiles armed with
a nuclear warhead on submarines has been maintained.”26

4. ELF In A First-Strike Scenario.
A first-strike scenario using ELF to call up whatever submarines may be too deep for other

means of communication could go as follows.
-- Send a previously-coded message to US attack subs, which are continuously

following Russian missile-launching submarines, to destroy those Russian subs.
-- Call up Trident submarines to give them the instructions for a first strike.
-- Call up attack subs to receive instructions for launching nuclear-tipped Tomahawk

missiles.
One variation from this scenario may be to call up attack submarines for instructions to launch

either nuclear or conventional Tomahawk missiles in a regional war.
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E. THE IMMINENT THREAT OF GREAT HARM
ELF has been in place in Wisconsin since the test facility was constructed at Clam Lake in

1969.  In the early years it was a controversial project and was opposed by a wide range of the
population -- from environmentalists to psychologists, from governors to judges, and by many plain
ordinary concerned people.  Nevertheless, the US government continued to impose ELF in one form
or another.  First it was a massive underground system called Sanguine, consisting of a grid of 6,000
miles of cable with over a hundred transmitting station covering an area of 6,500 square miles.
Opposition was too strong so next came a scaled down system called SEAFARER, then Austere
ELF, and finally Project ELF.  With each of these simplification the public resistance seemed to wane
until now, with the demise of the cold war, it has distilled down to a small but well-informed group
of concerned citizens dedicated to informing the American public on the imminent and great danger
that ELF portends.

After experiencing the failure of the “gradual escalation” policy in Vietnam, and the futile
wavering over the 1980 hostage crisis in Iran, the US adopted a new doctrine of “quick and decisive
action” to settle crisis situations.  That is, to act with no warning and with a force so powerful that
it will squelch the opponent before he can respond, and thus minimize the loss of American lives.  It
maximizes air strikes and minimizes ground combat by foot soldiers.  It also pays scant attention to
civilian casualties on the other side.  This policy made its debut in Grenada and was whetted to a
sharper edge in Panama.  It was applied in full force during the Persian Gulf war and again in
Yugoslavia.

“Quick and decisive action” is also useful in minimizing public opposition at home.  In all of
the above incidents the military was in action before public debate could begin.  And before public
indignation could reach the point of effective opposition, the operation was over.  In the wake of this
policy was strewn devastation and suffering for years, even decades, to come.

There have been other strikes.  With no prior warning we woke up on 24 March 1986 to hear
that US F-111 aircraft had bombed Libya.  US Tomahawk cruise missiles attacked so-called terrorist
strongholds in Afghanistan and Sudan on 20 August 1998.  And we must not forget the sometimes
daily air strikes in Iraq -- strikes that have become so frequent that the US public has become virtually
inured to them.

How does all this apply to ELF?  Remember that ELF is continuously and monotonously
making those 4 Hz frequency shifts up and down.  At any time, with no prior warning or public
awareness, the transmitting frequencies could make those critical shifts that call Trident submarines
up for first-strike instructions.  The US first-strike capability is the ultimate in “quick and decisive
action.”  Secrecy and surprise is the key.  Decisive force is the maximum.  As long as that bell-ringer
for nuclear war is emitting those ocean-penetrating signals, we face the threat of waking up some
morning to the ultimate surprise. 

# # # # #
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GLOSSARY

DARPA Defense Advanced Research Projects Agency

EAM Emergency Action Message.  The command to fire nuclear weapons.

EHF Extreme High Frequency

ELF Extreme Low Frequency

Hz Hertz (One cycle per second)

knot One nautical mile per hour.  A nautical mile equals 1.15 statute (ordinary) miles.

SSBN Nuclear-powered ballistic missile submarine.

SSN Nuclear powered attack submarine.

TACAMO TAke Charge And Move Out -- a fleet of aircraft trailing 5-mile long antennas to communicate with
submarines in the VLF frequencies.

US United States

VLF Very Low Frequency
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APPENDIX-A

SUBMARINE COMMUNICATION RECEIVING METHODS

  Source: HASC - 1979 -- Hearings on Military Posture and HR 10929, Fiscal Year 1979,
transcript of hearings before the House Armed Services Committee, 15 March
1978, Part 3, Book 2, p 1292.
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APPENDIX-B

ELF WAVE PROPAGATION


