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EROM THE PRESIDENT

I have frequently discussed the educational
mission of the HNaval Submarine League and its
importance f[or our members. I now find myselfl
being weducated with more than passing interest on
a new satter of serious oconsegquence to the
Submarine Service, The subject of my concern 1is
the Gramm = Rudman - Hollings, budget-balancing by
1991, legislation. I haven't read the complets
text of thiszs ©bill 0 I don't eclaim to be an
authority. But I do understand the "automatio®
reductions that will occur il the executive and
legislative branches of the government do not meet
budgetary outlay ceilings. Additionally, after
1986 there wili be no flexibility inm shifting
money within sajor accounts as there has besen in
the current process.

This 1legislation mandates equal percentage
cuta down to the level of individual line dtems.
In the wording of the legislation, each program is
of equal importance to this country and each will
take the szame percentage "hit®. I woen't go into
the Pasquestered® provisions of thia budget
balaneing &act. The "avtomatic®™ phase is ominocus
enough to make my point.

Hy concern naturally centers upon the impact
te the Submarine Service and ita position in
national priorities. I won't be glib and say that
everything dinvolving submarines 1is sscrosanck,
however I do feesl that a strong and capable
Submarine Service is probably one of the few
elepents of our arped forces which can have an
actual and paychological bearing on actual war-
fighting as well as on war deterrence.

The bottom 1line == in retaining this
capability -- i3 well maintained and oconstructed
shipa, manned by crews of exceptionally well
qualified amd highly trained men. The recent
unfortunate setback to the space shuttle program



cannot be institutionally allowed to occur to
submarines, The atandards set [or nuclear
propulsion have alowly carried over to other HNavy
elenents. There canpot be any compromise to thease
standards; be they in construction. operations.
training, or people. However Gthe process 1a
undarvay whichs carried ko 1ta and, will
ultipately affect these standards, Tour
familiarity with Grass - Rudman 1s vital, Aa a
League member you should speak ageinst any
compromise to our firat line of defense --
submarines. The consequences of not dolng so are
potentially disastroua. We pust either adegquately
fund the Submarine Service or "ground®™ our
submarines when Gthey decrease in readiness
atapdarda. The submarine today is an extramely
gost-affective weapon system, rCor any set of
griteria, The msoney spent to keep submarines
operating properly 4is the beat and cheapest
insurance thias country canm buy. It benefits every
citizen and protects them as well. The Submarine
cservice must retain its proper and rightful
priority in our national debate concerning budget-
balancing. Let's keep it that way.

Chuok

EROM THE EDITOR

A letter in this edition of the Submarine
Review  suggests that there i3 a wealth of
clasaified material in the open media of today.
Ope merely has to read a Few trade journals, the
letter writer says, to reconatruct the “aecret®
elements of & military activity. This cospromis-
ing of security patters he feals should be beat
avolded by submariners maintaining a "Silent
Service," But is that wise?

Without en open dislogue on  submarine
mattears, the "Silent Service™ entered World War II



badly handicapped as to: well-reascpned operating
roles and tactics; weapon reliability: knowledge
ef Etbeir enemy; value of coordinated operationa;
and even the paint used topside, PBefore WW II,
submarines were trained to be basically socouts of
the battle Forces -- not key elements in a war of
attrition against aurface shipa, Unreatricted
submarine warfare was suddenly ordered with
virtually no discussion as to its implications,
Attacks from below periscopes depth, using sonar
data only, wera oconsideread neceasary in the
preasnce of apeny surface ASW [oroes, Avoiding
periscope depth in areas of enemy ailr activity was
also accepted bacause of the supposedly high risk
of being sighted and boabed. It waa not
recognized that there was a far better color for
the topsides than black to gain inviaibility. Uase
of the surface in daytiee in & war zone Was
considered to be out of the queation, and blaock
topaidea didn't help. Similarly, night surface
attacks == remaining on the surface for the great
mobility created for the shooting of torpedoes -
bad apparently not been considered., Wolfl packa
had not been contemplated, nor had weapen
reliability been seriously queationed. The great
efficiency of Japaneass Naval forcea was virtuwally
unguessed at. The reading of recommeéended books on
Japan by authora like Asbassador Grew, in
ratrospact, made one realize that such suppossd
authorities knew 1ittle about the sasurai
character of the sodern Japansas military man, and
that such books wvere better unread. That 'the
Japanese oould have developed a shallow=-running
alr=launched torpedo. a5 well as m@many other
technological innovations which caught the U.5. by
surprise == like the Long Lance torpedo == had mot
been well considered.

As Dr. Edward Teller poted in & aymposivm in
1977: "Secrecy 1a counterproductive.® He felt
that; Mope of the primary problema is excessive
secrecy in defense, which repals the sclentist."™
And that, "the United states has managed ta Keap



ghead of the Soviet Upion in exsctly one technical
field: electronics == & Fleld in which official
secrecy hes herdly been applied.™ Then, on Gthe
subject ol submarines he decries the rCact that
nuclear submaripeas "are ot yet produced in
greater varlety®, pentioning in addition to
warship types, the submarine tanker and cargo
carrier "to paintaln deliveries of heavy eand
maaslve oaterials ke our foroces fighting
overasas, " He notes that "in a truly serious
conflict, submarines might be the only ships to
aurvive in the long run.®

The article on The Submarine Tanker, in this
issue, would peet Dr. Teller's approval, since it
is =8 form of breskthrough in the assumed
requirement [or secrecy regarding most submarine
matters, that has been generally accepted by the
submarine comsunity with their "Silent Serviece?
sttitude.

Eelying on discussions "among themselvea®™ of
submarine satters = in a hold-close atmosphere ==
to fuprther philoscphiecal ideas, new concepta, and
technological innovations cannot be a satiafactory
aglution. "Among themselves" almost comes down to
wardroom discussions, since dialogue in public
places —- cocktall parties, aysposiuma, eato. ==
would be ruled put by the danger of compromise of
what are assumed to be sensitive submarine
patters. And. wardroos discussions rarely find an
avid tactician engaged in a dialogue with another
cogpetent tacticians, or a strategist r[inding a
sipilar interest in another officer with a great
interest in atrategic mattera. It's awlully hard
to find a kindred ascul for an Intellectual
discussion on specific matters.

Only widely disseminated ideas through
unclassified writinga can bring together the
usually rare but right people who can conduct a
dialogue which tends to promote new pripciples anpd
ideas within a profesaion.



The nuclear submarine Force has not besn
without a base of highly competent writera -—
George Steele, Hed Beach, Jim Calvert; dJoe
Synhorat, Dick Laning =-- but Lthey have been
cgonstrained in the past by the "Silepnt Service®
position of their fellow officers. These "pukes®
have recognized that all writing invelves risk
taking along with criticism by their peers, their
seniora,; by their wardroom sssociates, and in faect
by the "Silent Service™ itself. Submariners have
glways been a little suspleious of a person who
gotually wanks Eo dooument his ideas. But these
writers have seemingly realized that to move their
profession ahead there pust be an exchange of
ideas through unclassified writinga.

Thae lack of U.3. submarine imnnovation over
the past 20 years == while the Soviets have
developed many pew types of submaripes apd much
new technology -- has been decried in recent media
discussions and congressional hearings. Thia lack
of innovation may essily be attributed to the past
submarine policy of limlting as ouch asz possible
any unclassified dislogue about nuclear
submarines.

IHE BATILE POR POLARIS SURVIVAL

As the POLARIS miassile fadea into retirement,
old timers are apt to reminisce about the early
struggles for its birth and the several battles it
had &to [ight as it proved ita worth. Ona  such
battle never received much publicity. Yet it may
have beepn cone of the mest orucial in the early
survival of that algnificant contributor ta
miclear deterrance.

In 1960 the Strategic Air Command (SAC) was
the dominant force in nuclear deterrence and was
pushing for the eatablishment of a Strategic



Command that would incorporate all strategle
nuclear delivery forces. That would include
POLARIS which was about to become operational.
This idea was received with little erthusiasm 4in
the Navy, which was not willing to have POLARIS
comeé under the operational command of scme other
service. Geperal Power was the hesd of SAC at the
time. He frequently stated that although he had
no  great personal preference, he Felt that aince
the noclear war plana of the nation called Ffor SAC
to deliver about 90 percent of the megatonnage, it
aeemed logical that the pew Commeand be headed by
an Air Force officer, == the head of SAC. This
really drove npaval officers up the wall.
President Eisenhower finally resolved the issue by
oreating the Joint Strategic Target Planning Starlrl
(JSTPS) reporting directly to the JCS but
colocated with SAC and the Stalfl headquartera in
Dmaha.

This compromise solution directed the new
Stalflf to coordinate all atrategic nuclear weapons
targeting for 0.5. units and to integrate such
planning with that of NATO forces. CINCSAC and
the Director of the J3TPS was a dual-hatted Air
Force general, with a Vice Admiral as the Deputy
Director of the JSTPS to asaure the joint natura
of the Staff.

The SAC  targetting system, adopted
immediately, required the development of various
probability factora for sach type of weapon aystem
== for launch reliability, in=-Tlight reliability,
weapon detopation reliability and s0 on. Two of
the most significant factors were weapon accuracy
and survivability of the launching platform. A1l
of these [factors were combiped inte a =imple
mathesatical value called damage expectancy (DE)
which was computed Qor every weapon uaed in tha
target plan. It was obvious that & submarins
ayatem could enjoy a high survivability rating --
enabling it to score high mathepatieally in itas
sontribution to the total deterremt effort. A



weapon such as an ICBEM with good accuracy but a
relatively low probabllity of survivel on its
launch pad was oot goling to score as well as the
leas accurate POLARIS system that enjoyed &
survivability ractor of 1.0.

A survivable POLARIS was a threat, not only
to tha Soviet Union but in some ways to the
peaition enjoyed by several of the wespons systems
of SAC., General Power now became concerned with
the POLARIS ability to perform. In the apring of
1961; the General directed that a war game ba
conducted by the JSTPS, aided by the SAC ataffl.
The objective of the game was to Gest the
survivability of the POLARIE system. Was the
factor of 1.0 really justified?

To conduct the game, & chiel umpire apd
associated supporting playera were equipped with a
couple of dice and the appropriate probability
tables, A scepario was constructed to bring the
Fed and Blue forces together. Basically, the
acenaric called for the Blue lorce of POLARIS subs
to be on missile launch stations in the MNorweglan
Sea, with Red forces deployed as their commander
saw Fit. GCame time was started a few houra before
BEF Hour —— the time for the launch of all POLARIS
miasiles, The test waa to aee if the POLARIS
submarines could =survive Red search and attack
operations -- through the launch cyecle itselfl.
Any failure to do 50 would detract from the
survivability factor and overall effectivenesa of
the POLARIS ayatem.

Force composition waa interesting. The Blue
force consisted solely of three POLARIS submarines
with 16 misailea each. The HRed foroce was
formidable; nine surface acktion groupa with ASW
capability equivalent to 0.3. Navy equipsment of
the time; 1000 trawlers, each with a limited ASW
capabllity allowlng short range detection; 50
BADGER=-type shore based bombera, 10 of which were
loaded with 10 kiloton nuclear depth chargea. The



pileots of these aircralft were given the high
eltitude capability of seeing & POLARIS weapon
emerge from the ocean surface, at night:; from
pinety miles away. Further, these pilota wers
then able to hoae on the succeeding launch of
POLARIS weapons and deliver an attack against the
mother submarine, using nuoclear depth charges.
Additionally, and wvery significant to the Red
force, were U0 diesel and 9 puclear attack
submarines (SSHs). All Red submarines wera given
sonar ocapability equivalent to their U.5.
gounteérparts and the Red nueleara had greater
spead capabiiity than the POLARIS boats. Neutral
forceas inoluded 600 merchant ships that were
plying the waters of the game area.

Since it waa difficult to accept & Red lorce
of such magnitude with virtually equal
capabilities, there was considerable discusaion as
to the walidity of the Gthreat being used.
However, submarine officera in the game felt
confident about the invulperability of the POLARIS
foroe and acceded to the excesaive claims of the
SAC intelligence specialists who had oconatructed
the threat. Tha submarinera reasconsd that the
surface and air threats would nmot be a factor;
that the game would hinge on submarine detectiona
and singe the U.5. platforms were much quieter,
the likelihood of a Red submarine being in trail,
within weapon range at "E® Hour, approached zero.
A ground rule was that neither slde could ashoot
before the start of hostilities at "E™ Hour,

With the stage set, the game got underway. A
pericd of ealmost six weeks was necessary to
accomplish the few houra of wargame action
invelved. That  action was an interesting
experience, highly educational to those who
participated and with a rather surprising outcome.

To commence the plays the Red and Blue teanm
mesbers located the units of their forcea. The
uppire team positioned the neutral [lorce of



marchant ahips. One might expect that given the
size of the Norweglan Sea and only thres POLARIS
boats to conceal, it would be highly improbable
that any of the nine Bed team 55Ns would be
located near a Blue team unit. Yat when Red and
Blue team unit positions were coapared by the
umpires, & HRed 55H and Blue POLARIS boat were in
the same apot. The luck of the drawl The players
of the game, not aware of this, were told by the
umpires to move back on their tracks for & nusber
of hours and the game was then commenced with the
ocpposing submarines approaching each other for
that chence encounter and tactical interaction
which no one on the Blue side had ever expected —
a submerged dog Fight. POLARIS was in troublel

Both submarines, unaware of each other,
approached the same position. They could only
deviate by a logical command decision. taken after
evaluation of sensor intelligence which was
supplied by the umpire team. Their patrol plans
would take them through the common point unless
tectical ecircumstances provided cause for a
diveraion. The capability factors, so readily
ggreed to before the start of the game, were now
in control. Probability of detection, eguipment
performance, sopnar and environmental conditions,
and external influences all became subject to the
rall of the dice -- applying separate chance
probabilities to each participant's perception of
the situation. The HRed and Blue submarine
commandars were controlled in their actiona by the
inforsation they were provided by the umpire team,
who kept track of the movements of all units in a
saparate war room remote from the impanding
battla. Both oommanders wers being watched very
clesaly for the correctneas of their decisions ==
decisiona that might be interpreted as affecting
the hazard to POLARIS. The real antagonists were
now emerging, SAC wversus the MNavy, with

potentially high political stakes riding on the
outeome of a well-crafted wargame.



With the assumed equal sonar capabilities
even though Blue was ocperating more alowly and
quieter, both submarines made scund contact on
each other at considerable ranges. By the time
the opposing akippers had evalutated the meagar
information they were provided, they were within a
few Ehousand yards of each other. The choice was
clear, evade for Blue and trail for the Red. The
latter knew that he could affect the atrategic
balance if he could trail for the few houras uwntil
BE? hour and get a kill, whereas the Blue had to
evade to bes able to return to his routine PTalert®
status. Although Blue was unaware of an ispending
BE" hour, he kpnew that paximue alert Gtime was
oritical 4n his patrol. The level of astrategic
warning as provided [rom simsulated intelligence
reports had risen significently due to increasing
international tenaions. So he Melt a strategic as
well as tactical urgancy as he atarted to evade.

Fortunately for the POLARIS akipper, one of
the 600 merchant ahips (large, fast and noiasy) had
enteréd Che area on a norsal sea-lane track which
happened to pass bebtween the now tenses submarines.
The merchant noisa, inoreasing as it closed ranges
drowned out the almost silent submarines, Blue,
zeeing & good thing and not yet willing to Gtest
his evasion skills against a potential enemy. lelt
the @area, pasking his movesents under the nolsy
merchant ship. He stayed with the merchantman for
somé time, heading in & southwesterly directions.
then pulled out to the west to reestablish his
alert atatusa. He assumed that the probable
nuclear contect hed either pever made a detection
or was helplessly confused by the merchant gambit.

The Red skippers [frustrated by the mperchant
ships quickly checked the local area. Unable to
regaln contact, he then Followed the ship's nolsoa
in hot purauit. He scon realized that be would
never detect the Blue leaving the merchant ashipta
cover and decided to take the long view by setting
up an expanding aearch which would give a

10



reasonable chance of regaining contact before WE"
hour. He First headed south for ap hour or 5o and
then west for several hours, assuming correctly
that BElue would clear the area to regain alert
atatua. Only the umpires were aware Gthat Gthe
latitude line on which Red bhesded west, was the
same lipne Blue had chosen earlier and where he waa
now sittings in & passive alert statua,

Blue; on hearing the searching Red closing
From the east; decided bto move slewly and gquietly
south offl the btrack, [ar enough to let Red pasa
glear -- a routipe patrel evolution. It becams
apparent, however, Gthat Red was closing [aster
than expected and Blue, while comfortably off the
track, felt it wise to reduce his nolse level even
further. Accordingly, he shut down his nuelear
plant == not a routine patrol maneuver.

Suddenly ERed did the unexpected and turned
south, on the exact longitude line on which Blue
was poaitioned. Binge =-- 8 POLARIS on battery
power; about to be run down by fthe opposition.
The probability that the Red S3N would pick, for
both its weat and south search lega; the exact
latitude and longitude lines on which the PFOLARIS
boat had made his exit from the merchant aship
should have been extremely low, but the unexpectead
happened once again. Red was heading directly for
Blue. {Some playera on the Blue team oried foul
and mild expressions sbout collusion were heard,
but they were ignored by the umpires).

It was only & patter of time until both =uba
were agaln in contact with each other. Correct
management of the puclear power plant became a
crucial item for Blue, with the preocedures [for
lighting off becoming an 1asue, challenged at
evary turn by the uspire team. Thus Blue was
conatrained to evade on his spall capacity battery
through the entire time it took to employ "safe"
light-off proceduras.



Full evasion, with no power for apeed,
presented a unigue challenge to the Blue skipper.
Decoys =— which helped confirm target pressnce to
Red == were used. Eventually, Red took the bait
and followed & nolse maker just long enough to
open beyond his sonar redetection range before he
realized his mistake. Blue had broken =onar
contact and was finally "underway on puolear
power.® In time, the indepandent evazion &and
search maneuvers of the two aubmarines resulted in
asparation beyond that of even chance detection.
POLARIS was free once again.

Hothing mere significant ocourred until "E®
bour at which time all three POLARIS suba were on
station and commpenced firing thelr missiles. By
thiz time, it waa nightfall and the sky was [ull
of Red BADGER aircraft; watching for POLARIS
launches, The f[irst lsunch from one POLARIS was
eyeballed by the crew of a high flying BADGER
about 90 wmiles from the launching submaripe.
Inatantly evaluating the sighting: the BADIER
turned directly toward the target submarine,
descending in a high speed gliding attack: homing
in on the periodic launches of the missiles. The
Badger arrived in the vicinity of the submarine
and dropped one of the ten kilotom muclear depth
chargea; Jjuat as the twellfth of aixteen misailes
was being ired. Then the umpire team became
involved in a detailed damage assessment exercise,
determining the exact location of the explosion of
the depth charge; &the exact location of the
submarine; and the resulting damage. It was
determined that while the submarine wes able to
survive, it was not posaible to launch the Jlaat
four missiles,

In the initisl aection of the Strateglc
Planning Staff in determining acceptable
reliability factors for POLARIS, it had been
agreed that launch and in flight reliability of
missiles was TS5 percent, that three fourths of the
missiles (12) 1im each submarine should be

12



asuccessfully launched and reach the target. So it
now became necessary for the umpire team in this
pgama to throw the dice and see if the Ewelve
misziles that had been fired were thoae that would
ispact on thelir targets. It was logical to assume
that &t leant one of the twelve that had bean
launched would fail, thereby reducing the overall
effectivenesa of the POLARIS aystem. Just as the
probabllity factors had worked againat POLARIS in
the early part of the game; they worked on the
pozitive s=ide in this monte carlo exercise. In
the throw of the dice:; ell twelve missiles were
deemed to be succeasful and the 75 percent
reliability factor was attained. Since there were
no detectiona of the other two Bloe subparinea,
they attained their survivability factor of 1.0
and reliability of T5 percent was assumed.

The box score for the exercise was 36
missilea of a possible 48 launched, succesafully
reaching thelr assigned targets. This maintained
the 75 percent reliability factor established in
development and operations tests copducted at Cape
Capaveral. Survivabdility of 1.0 was mainotained,
the miafires being the result of missile launch
apnd in [Flight prellability, npot submarine
vulnerability. In short: POLARIS had survived the
Pasarch amd destroy® effortsa of a rather
impressive enemy Corce., The Blue team had won,
but oot without a lot of frustration and wupusual
tactical actions -- not to mention some luck, both
good and bad, which one will always encounter in
combat.

At the conolusion of the exercise, briefing
material was prepared and the uspire group
preasnted the results of the war game to General
Power. He listeped intently. Upon hearing the
conclusion, he commented calmly that the gease bad
merely showed the results that could be obtained
from one set of circumstances; Ehat nothing
conoluaive about POLARIS survivabllity could be
determined from that particular exerclse.
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An  early battle won, POLARIS continued
enjoying & survivability rfector of 1.0 == a
saignificant achievesent for ballistie @misaile
submarines &that has persisted for over 25 years
and seems destined to continue for many more years
to come.

Jarry Miller, Lou Hesb,
Eent Lee, Peter Fullimwider

A3 THE 53N A MANEUVER WEAPON?

The anawer to the title question is, "yes,
the modern nuoclear attack subsarine ia a wary
effective .... perhaps the quintessential ....
weapon of mpaneuver warfare", We subparipers
should think this statement through, to decide
what it means to our warfare strategy.

Firat of course; we should agree upon the
meaning of mansuver warfare, It is the " high
speed tiptoe™, or "winning without fighting." It
is the strategy or tactic that avoidas & frontal
assault, or direct contact in favor of an indirect
end-around to strike unexpectedly at &n enemy's
vital point., looking for &8 mortal blow. Maneuver
warfare surprises an enemy, upsetting his plan of
attack and confusing his tactical plctura,
frightening him and robbing him of his will to
win.

The German blitzkrieg cempaigns of WW II were
mpaneuver actions: rapid panzer thrusts that
astruck deep into the epemy's rear, eating up milea
and nibbling at the enemy's confidence, living on
captured gasoline and on the brilliance and nerve
of the commander. This fluid, dangerous strategy
cut through Poland, the Lowlands, and Frapnce in
days: and handed Europe to Hitler.

When one thinks of maneuver one thinks of



generals like Robert E. Lee; Eprwin Rommel, and
Douglas MacArthur.

Haneuver's opposite 1s attrition warfare:
toe=to=toe; slug it out Frontal assault. The guy
with the stronger:; pore pumpercus forcesa, or the
stronger will, wins. U.5, CGrant was an attrition
general. Secure behind overwhelming numbers,
equipment, and industrial capacity, he plodded
through. Lea oould win the battlesa; Grant won
the war.

Haneuver takes a mobile Fforces, Iindependent
copmand, & aimple plan, and nerve. Attrition
takes superior numbers and the ability to accept
considerable losses.

History ia inatructive: ettrition iz easier
== therefore msuch more common -- but maneuver
almoat always wina. The military writer Liddell
Hart atudied 260 campaigns in 30 wara and found
that 258 were won by maneuver tacties.

& cosparisen of 0.5. and Soviet naviea ia
even more inastrustive, Our ships -- especially
our nuclear subs =- are superior, very mobile, and
capable of extended blue water operationa. Jupr
copmanders are independent as well: ready to sail
in harm's way with as little help from
headquarters as posaible. We are maneuver
oriented by tesperament, tradition, and deaign.
The Rusaianss on the other hand, are apparently an
attrition nDavy. Their fleet still esphasizea
guantity over gquality. Their tactica atreas oo-
ordinsted missile astrikes and saturation of
defenses =- attrition Gtactics. And their sailors
and leaders are not encouraged to be independent
in aatiocn.

20 if maneuver tepds to slways win anpd we can
de it, and the Ruasians can't; how can we insere
that our war at sesa is a mansuver war?
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Varioua types of npaval warfare mpay ba
separated dinto "mapeuver® and "attrition.®
Carrier battle group strategy is maneuver: avoid
an epemy at sea and atrike -- at sea or ashore -
a surprised and poorly defended target. Carrier
air delfense is; on the other hand, attrition:
killing enough enemy plenes and missiles far
enough awey to protect the carrier's deck. Convoy
varfare is attrition. Apphibious assault is both:
paneuver while moving to the ~-- hopafully --
unknowing and unprepared beachhead; and attrition
onca the Cirst troops step ashore and tha [leat
becomaa tied to the support across the beach., And
80 oOn.

HBareé's the problea. ASW iz moatly an
attrition pgame: how many F3 flight hoursa,
sonobucys, depth charges,s falae contacts, flaming
data; etec. egqual ope submarine kill? But the 33N
== the besat ASH weapon == i3 a maneuver platform.
She is fast; covert; independent:; and lethal. 3She
can roam; independent of resupply and on minimim
communications., for sontha. Her skipper can avoild
battle and position hissell almost at will,
choosing the time and place of attack. And
submarine askippers are pansuver ooomanders by
nature and tradition .... happieat when free of
direct control.

Yet; we "maneuver® subsariners tend to be
bent to the attrition - ASW mold -— expresaing our
trade in terms of exchange ratiocs, or how mpany
daya (weeka? montha?) to sanitize an area, (&
maneuver force can of course be reduced to an
attrition role. We proved that with such dismal
results in Viet Nam,)

The solution? We -- and no one else will do
it = should redefine ocur Navy submarine role. To
the extent that we can fight a maneuver war:; we
will punish the Sovieta. To the extent that we
are foreed into attrition, we will tend to lose
significent numbera of submarines.
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Examplea of subparine attrition warfare:

- The S5N in direct support of the battle
group. Though the 35N will be effective; ahe
would be much pore effective elsewhere. Happily.
this reole seems to be going away as towed array
surface shipas prove capable,

- The BS5N 4in barrier or in open ocean
search is tied to the exchange ratio mnumbers
inherent to attrition. Each U.S. sub will
probably shoot more Soviet subss  but the Soviets
have more aubs. We have better fizh to fry.

If these "traditional™ submarine roles are
not appropriate, what are the correct maneuver
roles? They are:

- Forward Area Operations. Submarine
pperations forward == in the Soviet front yard ==
is pgood maneuver atrabtegy. Our enemy is moat
vulnerable there. We can work on his pathological
concarn for the defense of his homeland end his
fear of the loas of his S3BNs. If the geography
is ohosen carefully, we can range at will, pioking
our targets and our exita. Meanwhile Ivan 1s
driven inte holding much, or most; of his navy in
reserve to meet this threat.

- Fresence When "presence”™ is discuased,
one thinks first of aircralft carriers and
battleshipa. These have proved thelr wvalue over
the past 40 years ... but we haven't fought a sea
war in those 40 years. The only navy that has --
England's 1in the Falklands -- used the "presence"
of her nuclear submarines to unlermine Argentina's
will to fight ... which we assumed 1s the ultimate
gorl of DaEnBUVEr; earlier in this article.
England used & few SSNs (four? three? none?), to
establish 2 maritipe blockede of the Falklands at
the war's atart. It worked. Argentina stopped
resupplying her army 4in the Falklandas by sea.
After her orulser GENERAL BELOCRANOC was asupnk by
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submarine torpedoes, Argentina tied her ships up.
The Argentine WNavy was neutralized by British
submarines.

Our Submarine Fopce esn do the saEe. The
Rusaian Havy 18 more powerful but Juat as
suscaptible to a submarine threat, Submarine
Ppresenca” is more effective than & surface ship'a
because the subssrine can be anywhere =--
ubiquitously. An enemy pust expend enormous
effort to cover all of his flanks. Witness tha
American ASH effort off the East Coast in World
War II.

Add to this 33N Fpresence®, the TOMAHAWK
missile. The submarine can now elude enemy
defenses and ahoot not only at submarine and
surface aship targets; but at targets ashore,
Admiral Bob Foley. recent CINCPACFLT apd an
aviator; oorrectly characterized the TOMAHAWE=
equipped S3SN as tomorrow's airoraft carrier. 3SHs
can  laupch TOMAHANEs =2t an enpemy's homeland
targets virtoally at will. Twoe or more SSHs can
concentrate thia kind of force. A submarina's
TOMAHAWKSs can peutralize air defenses for [ollow-
on ocarrier alr attacka. Submarine lauwnched
TOMAHAWEs can create a diversion far from the main
point of attack,

Look at the worda of the preceding paragraph.
Diveraion... oconcentration of force... evasion of
defenaes... thesea are all opharacteriatica of
maneuver. The 33N, eapecially with TOHAHAWEs
aboard, has them &ll, if we will but wake up to
it. The task remaining - begging, really -- to
the submarine community is to think this strategy
and tactic through, and then to articulate it
clearly to the nation. The results will follow.

CAFT Tom Jacchm. O3SH
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Fiqueel. 15 theVictor IT fitted wilh o
Mmaqnetahydreduynamic [MHD) propulsion?

In the past year there has been a lot of
speculation about the use of the pod atop the
asternpeat of the Soviet VICTOR III 2 attack
submarine. aevaeral periocdicals have leapt to the
concluaien that the pod houses zoma sort of allent
propulsion asyatem. In the foreward to Jape's
Eighting Ships, 1985-1986, its editor implies that
the pod may hold an suxiliary propulscr "of the
MHD wverdiety.®

Magnetohydrodynamics (MHD) and Electromagne-
tie Thrust (EMT) have besan actively explored for
underwater propulsion since the early 1960s. MHD
for this propulsion mode would use a magnetic
field a3 a peans to convert elestrical energy to
hydrodynamic energy. Basically, if am elestric
current and a sagnetic field are maintained normal
to each other, the result is a forece norsal to the
plane of action of the current and the magnetic
field. See Figure 2,

The distimotion between this type of energy
ponveraion eBnd EMT 4is blurred. howavar EMT
distinotly uses electrodes to genarate the
necesnary eleoctrical ourrenta, while some MHD
advocates bhave postulated ayatems which do not
regquire current-generating alectrodes to oareate
the propulsive f[oroes for driving the subsarine
through the water,

Of the two proposed systems, MHD and EMT: the
latter has received the most attantion by
researchers in the 1980s. There are two possible
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Fiqere &, A pad with a dc.internal
fiald EMT frnpu!mr

ways to build a aystem to fit the pod: the BEMT
internsl duct propulsion using direct current, and
the d.e. external field propulsion. The internal
duet propulsion aystem uses a hole through the
center of the pod through which water is thrust to
propel the submarine. The lorce which thrusts the
water iz genperated by the intersction of a
powerful superconducting-colil-generated magnetic
field amd current flowing between two electrodes.
Because salt water is & relatively poor conductor
of electrieity, to get the necessary current flow
between the electrodes requires a high amperage
flow == pesulting in large expenditure of
elestricity to achieve a significant thrust.

The appliecation of this Eype of propulacr has
been extapblished by the Japanesa. Two ahip models
bave been constructed using the Japanese designed
ducted propulsor shown in Figure 3.
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Figure 3.
ficheretis sscton of Bpercorcieting BT ryetam in 5 ship

Savearal probless howaver prevent this type of
propulsicn from being used in the VICTOR IXII pod.
Firast and foremost, thera is evidently no water
intake in the VICTOR III'a pod (as clearly shown
in the recent Jane's publication Ihe Sovief

s 1 How=
ever, even if such an intake existed, for a pod 9
meters long and 2.4 meters in diampeter, the large
magnetic farces and enorsous power density
involved in pushing & 5,800 ton submarine through
thea water; appear to be unreascnable. Extrapola-
ting from the research done by Dr. Humsert of
Westinghouse 4n a 1979 report to ONR; the pod
would require greater than 1.5 megawvattas of
electrical power and & sagnetic field of 5 Tesla
{50,000 gauss) to move the submarine at 5 koota.
Even with a more powerful magnetic field acroas
the duck: for exsmples; using a 10 Tesla field; at
least 1 megawatt of electrical power would astill
be necessary to drive the submarine at 5 knota.
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Since there 4is apparently no intake, Gthe
explanation above becomes somewhat academic, But
there remains the poasibility of an EMT d.o.
external field propulsion aystem. In this type of
propulsion, aleacbrodes are mounted externally
along the length of the pod, and an external
pagnetic field is generated, sz that the
interaction of the field and the electrode current
will produce pressure gradienta along the
centerline of the pod. This pressure pushes the
water between Ethe electrodea, creating the
propulaive thrust aft.

The probles 1is much more copplex with the
internal duckt aystem. In the internal duck,
having the high amperage current flow intersect
the megnetic fleld at a right angle --= for the
maximum: most efficient throst force —— iz not
difficult. But in the external aystem it ia
ippossible. The resulting magnetic Fleld will not
be uniform between the electrodes due to Gthe
curvature of the pod and, as the water wveloeity
will wary with the atrength of the local sagnetic
field: ‘turbulence will be crested. Using the
pultiple eoil aystem shown in Figure 4, with a
field strength of 5 Tesla and electrodes raised
several inches from the pod's surface. a 5,800 ton
suibmarine would still require nearly 4 megawatts
of poder.

A Pod wifh an

FH"“ * Exterfal Fald
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There is, however, good visual evidence that

this type ol raised electrode system is not uased
on the VICTOR III.

In both cases of EMT:; the power satimates are
very optimistie, They do not take inte account
extra drag for the pod, magnetic losses due to tha
faired surfaces of the pod, or any parasitic power
consumed by the ecryogenice ocooling syatem,
necessary to provide magnetic fields of the
strengths required to sove the VICTOR III.

Hagnetohydrodypnasios

Like  EMT, there are two types of MHD
propulsion eoncepts possible for the pod:
internal duct MHD and free field MED. Ap example
of interpal duot MHD is shown in Figure 5. This
ias the so-called "traveling wave™ pump. A.C.
electric current i3 used to creste 2 magnetic
field of varying intensity im the colla
surrounding the sea water duct in the pod. This
generates a traveling wave in a flexible mesbrane
which encloses a ferrosagnetic Cluid. The
pulsations, a3 they move down the length of the
pod, squeeze out the water at the stern of the
pod, providing submarine thruat. The ferrosagne-
tie fluid is used to translate the magnetiec field
eneérgy to hydrostatlic energy and pushes the water,
Thia aystem is plausible, though with drawbacks of
its own, but is discarded for lack of wvisual
evidence of an inlet for the pod.

The free field MHD propulsion system examined
here was proposed originally by Owen Phillipas 23
Years Aago. His system has coils generating a
megnetic [fileld radially outward from the pod.
This magnetic field flows continually back towards
the stern of the pod, as shown in Figure 6. The
movement of the magnetic field (traveling wave),
creates circumferential eddy currents which react

with the magnetic field, to eoreate propulsion
forces on the surrcunding waters,
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Figure &5,
A pod with an internal duct MHD (traveling
wave) propulsor.
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Figure &6
A pod with free field MED, The field sweeps
alft along the pod. (b) is approximately 1/8 of a
aycle behind (a).
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This asysatem, if proven Ffessible, would
require @more than 2 megawatts at 5 Tesla to move
the VICTOR III at S5 kEnota. This is, however,; the
only system of the four presented which haes the
external appearance which sgrees with that of the
VICTOR III. i.e. no intakes and no external
electrodes,

There is a common thread through all of these
proposed propulsion syatems of EMT and MHD; they
consume conslderable amcunts of power Lo move a
submarine at only a slow speed. To supply such an
guxiliary propulsion Bsystes of the MHD wariety
would probably require extrs S5ICs or an all-

electrie main propulsion system for the VICTOR
I11.

Further practical problems plegue the concept
of uaing HHD or EMT auxiliary propulsion plants in
the pod. Firat:; the location of the pod makes it
vulnerable in under-ice operations, as it is the
firat part of the submarine which would encounter
ice on aurfacing. Alaso, the structural atrength
required for the pod is at odds with the open
interior needed for effective cryogenic cooling of
the welectromagnetic colls. Thiz oooling is
necessary to provide the strong magnetic Tlelds of
B propulsor. Seconds & ocryogenic support system
will require room inside the submarine hull as
there will be no room in the pod for compressorss
pumpa, condensers and liguid helium and nitrogen
storage tanks. The cryogenic equipment will also
provide 8 nolse burden to the submarine.

Lastly, such asuxiliary propulsion systems
will generate a large external magnetic field.
Thias has two disadvantages for a quiet submarine
maneuvering on the auxiliary propulsor. With such
a large magnetioc field baing generated, the
aubmarine would be exceptionally wvulnerable to
datection by & Magnetic Anomaly Detectiom aystem.

25



The large magnatic fleld will alsc attract all
sorts of magnebic debris which will oling to the
pod and cause disturbances in the pod's magnetic
field, additional flew nolse and drag on the
submarine.

There are many other problems which plague
the designer who wants to put am HED or EMI
propulseor 4in a pod only 9 meters long and 2.0
meters in diameter.

It is oclear that the technology exists to
create an suxiliary propulsor of the MHD or ENT
variety, but that the attendant drawbacks --
particularly power consumption, location of Gthe
pod and noise of the cryogenic support system --
pake such a syatem queationable for submarines.
ARa for an EMT/MHD propulsion syatem in the VICTOR
III pod == it seema unlikely.

David Brady and John Edyvane

<UBMARINE DISARHAMENT

Today: the interest in arms limitation
canters on strategic nuclear weapons. In the "20a
and "308 it was submarines.

Today: the reality of this search for an
accord on the reduction of nuclear arms i3 Ehat
neither the U.S5. nor the Soviets are likely to
place significant limitations oo any weapon
systems that might conceivably provide a strategic
or tactical edvantege in a future confrontation.
The failure of the five international naval
disarmament oconferences held 4in the Ainterwar
pericd (1919-1935) to either abolish or place
moaningful restrictions on submarines, seems Lo
confirm the 1ittle likelihood of a satisfactory
nuclear armes agreement.
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Beginning with the Paris Peace Conference of
1919 &nd ending with the London Naval Conference
of 1935, the paticna viewad the submarine in much
the same way &3 the atomic bomb 1a viewed today.
The submarine was morally abhorrent and became the
key to achieving meaningful disarmasent in other
areas of paval construction. Yet no lasting
agresment could be reached to abolish or limit its
use and only & "Flest™ submarine-tonnage could be
agreed to, and then only by the United States,
Graat Britain, and France, while & maxisum
displacement par unit was agreed to by &ll
pations,

The Paris Peace Confarence of 1919 provided
the r(irat opportunity for the major powera to
place limitations on submarines.

During World War I, OGersany bad come very
close to achleving control of the seas through the
use of its underseas fleet. As might be expected,
Greet Britein favored totel abelition of the
subparine at the oonflerenoce. While the war
planners in Washington defended the legitimacy of
the submarine and its probable rele in a future
conflicts; they were willing to accept universal
abolition. France and Italy saw abolition as a
policy of those pations that alresdy poaseased
adequate paviea and who ware now attempting to
"put the lid on®™ the other powers. The Franch and
Italian position prevented unanimity regarding
abolition. With the birth of the League of
Haticps, assured by President Wilson's agreement
not to outatrip England Iin naval oconatruction,
the problem of aggregate submarine tonnage, aiza,
end arpament was left for the League to conalder.
In effect, nothing was accomplished except Germany
waa forbidden to bave submarines. By 1920 it waa
glear that the League of NHations wes wunable to
achieve meaningful disarsament in the naval ares
and within a few years Cersany wes rebullding its
O=boat fleet. This Feilure of the League made an
international disarsasent conference necessary i
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the rapidly expanding and costly cospetition in
naval oonstruction was to be brought under
control.,

The Washington Conferance of 1921 was
convened at a point in history when &8 number of
important shifts in thinking had taken place.
England was slowly reaslizing that ahe was no
longer queen of the seas: and the United Statea
was Iincreasingly apprehensive about Japan's
emergence a3 a Pacific power. Although the
emphasis of the conference was on capital ahips
rather than auxiliaries, (a3 amall combatants were
classified), osome attempts were made to deal with
the submarine.

The conferees were able to reach an agresment
on capital ship limitetion but because of the wide
variance in national submarine policiea (was the
aubmarine primarily offenaive or defenaive?) they
were¢ unable to reach an accord on submarine
limitation. Onoe again, Great Britain lobbled for
abolition while the othera favored retention buk
eould not agree on an acceptable overall tonnage
for each nation. The United States supported the
use of the submarine if rules of civilized warfare
ware applied. The problem of how many auba, and
what slze they should be, also blocked progress on
the submarine gueation.

With both abolition and limitation of the
submarine iopoasible because of the perceived
paval peeds of the various powers; Gthe conflerence
turped its attention to controlling the submarine
by legialation. The result was Gthe Root
Resolutions, which set down the rulea Tor
conduoting submarine warfare. Although approved
as a aseparate treatys, the sgreement was never
ratified as France refused to asign. Thus the
reaclutiona never became binding.

In the post Washington Conference period,
building of the unrestricted ship-types ==
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particularly crulsers and subparines -- surged
ahead and elearly indlcated the need for a follow=
on confeérence to deal with the submarine probles.
The Oeneva Conference was called for 1927, but
only Japan, OGreat Britaip and the United Statea
achose to participate, Because of the incompatible
British and Aperican positions regarding the
eruiser and the complex technical problena
epcountered in dealing with subparines, the
conference was dooped to be the moat unsuocessfol
disarmament gathering of the twentieth century.

The Geneva Conference failed completely as
far as any substantive disarmament or limitation
was concerned. A problem of major proportions was
the fierce naval competition between Great Britain
and the United States. with parity in eruisers the
major issue. The subsarine received much the same
treatment as before. The attitudes of the three
powers bad not changed appreciably from what thay
had been at Washington six years earlier. The
British atill favored abolition but were willing
to accept a settlement that would give  her
astratagic superiority ino relation to the United
Statea and any European powers while Japan wanted
desperately to improve her ratio of submarine
atrength to parity level with the United States
and England. The United States favored limitation
on the 5:5:3 basils thereby permitting this country
to conatruot moderate sized, long range submarines
better suited to operstions sgainat either the
British or Japaneae,

The conference foundered primarily on the
cruiser parity dissue. Owverlocked by American
naval men was the fact that the British demand for
more cruisers was a reaction to the threat posed
to her maritipe lifelines by the large nombers of
submarines belng built by the French.

The Leondon Conference of 171930 was ocalled

exprazaly to extend the limitation agreemants
reached 1in 1921 to asuxiliary cosbat vessels.
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Anglo-American rivalry bhad subaided due to the
acknowledgement that each nation needed different
types of naval armaments (e.g.. large ships and
guns for this oountry, and more but ssaller
vessals for England) to meet their particular
atrategic aituation. The United States now
supported England's case for abelition of the
aubmarine thus revearting to the poature [irst
adopted at the Paris Peace Conference cf 1919. A
pegond reason for this polioy shift waz the fact
that Japan was replacing England as this country's
pripary threat.

Italy also supported cosplete elimination of
the submarines; but abolition was conditional upon
universal acceptances which all powers recognized
B3 impossible. France and Japan continued to
support the submarine as a primarily defensive
weapon and Weres therefore, opposed to both
ebolition and drestic limitation in eggregate
tonnage or unit size.

With  abolition out of the questions i
limitation treaty (52,700 tons of submarines) was
gigned by Great Britain, the United States and
Japan == thereby granting Japan parity in subs —
while all five nations agreed to 8 maximum 2000=
ton displacement and 5.1 gun-size for submarines.
The treaty also included an eacape clause that
permitted any of the aignatories to disregard the
agreament should any nation engage in construction
that they thought threatened their security. In
addition, Article 22 of the treaty established
international rules to govern the submarine in
time of war similar to the Root Resolutions. Tan
additional nations eventually agreed to observe
thoae regulations.

The World Disarmament Conference of 1932
proved to be a futile attempt at limitatiom even
though it was in session for over two years. The
despening world-wide economic oriasla, the Japanese
aggreasion in the Far East and the rise of the
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Nazi Farty in Gersany served to negate what 1little
hope remained for & meaningful settlement of the
arsaments problem. In the United 3tatea, both
military and political strategliats favored either
abolition or drastic limitation of the submarine.
as they recognlized the threat poaed to the
American [leet by Japanese submarines.

The intarnational situstion detericrated
rapidly during the latter stages of the conferepnce
with first Japan and then Cerpany withdrawing.
Having failed to achieve any sgreement on either
land or naval disarsament. the conference akidded
tc & halt, hard up againat the real world of
international politica, national interests and
fear.

The next Ainpterpational gathering for
addreasing disarmament was the London  Heval
Confereance of 1935. All the major naval powers
had assumed a posture of "all abeads full™ in
naval construction in anticipation of a probable
sonflict. The 0Onited States stood with Great
Britain e&end called for sbolition of the submarine
== not able to foresee the vitel contribution of
the pubparine to the Americen wictory in the
Pacific a decade later, Japan demanded parity in
8ll ship types even before the firat meeting.
World conditions and the attitude of moat of the
raval powers made it impossible to negotlate =
treaty [lor a redoctlion or even limitation in the
size of navies. It was with this wunfortunate
commentary that the rather fruitless attempts to
abolish or restrict the submarine during the
interwar period came to an end.

From the Paris Pesce Conferance of 1919 to
tha perfunctory London Naval Conferenca of 1935,
the only abolition of the submarine involved
Germany, and even this proved to be of a fleeting
nature for the Germans were copstructing U=boats
Bgain, leas than twenty years after the Treaty of
Yersaillea, All other attempta to abolish the



submarine pat with ocomplete failure, Graat
Britain preferred abalition of the submarine or,
feiling that, reduction to the loweat posaible
figure both in individual unit displacement and
aggregate Gtonnage reflecting her deéepéndence upon
high seas trade for survival and her nearly
disastrous experience at the bhanda of Gersan
submarines in the Firast World War. The United
States" vacillating stand on abolition, Gtonnage-
restrictions, ete., reflected both the change in
potentisl enemies, -—- the substitution of Jepan
for OCreat Britain -- and a changing eveluation of
submarine usefulness. With the esergence of Japan
s the wmost likely sdversary: 1t was to the
atrategic adventage of America to either abolish
or place restrictions vpon the submarine. France
saw the submarine a3 a great equalizer. It
provided & much needed balance to the superior
surface f[leets of the other major naval powers.
To France, the submarine was the balance of power
in her dealings with the other npaval powers,
particularly England. Italy was primarily
concernaed with parity with her principal rival im
the Mediterranean, and it mattered little whether
submarines wera abolished or limited as long as
equality with France was a part of the bargain.
Although Japan initially supported abolition of
submarines at the Paris Peace Conference., she
later rejected Chat position as ahe became more
evare of the submarine's potential for furthering
her Pacific ambitionas and defending her empire
against any enoroachment by the United Statea.

The generalizeticns derived from this atudy
of disarmament,; applicable to présent and future
attempts to achieve arms limitations are:

= HNationa will agree to disarsament only to
the point that it does not substantially
affect their relative atreangth == whether
real or imagined.
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= Hations will reduce armamenta in a parti-
cular ares -— weapons delivery aystass,
eto, == Af they retain either superiority
or parity with a potentisl enemy.

= Hations will ussoally attempt to retain
strength in the area of thelir moat
fprestigiouas™ weapons.

= The perceived role of & naticn: and the
view of other nations relative to that
nation, bhave a direct relationship to the
position assumed at the bargaining table,

= Both domestic and inteéernational economico
and political pressures may lead a nation
to adopt or reject a weapon that may run
ocounter to military or diplomatic advice.

= A shift 4in potential enemies can bring
about a corresponding shirft in disarsasent
policies.

= Limitation of & weapon depends upon wunl-
versality of agreement. Given the
differences in national ideals, goals,
relative strengtha, atg. univeraal
agreapent ias yirtually ismpoasible.

= FProgress in disarsasent capnot be isclated
from other facets of international
relations.

= Success in disarpapent hinges ultimately
on the willingness of pations to settle
their political differences.

These generalizations about disarpament are
hardly new, and they shed precious little light on
the present disarmament problesm. They dos
however, reflect lessons learned. At the very
least we must expect our diplosats and arms
negotiators to carry them to the current

bargaining sessions. We cannot afford to learn
them anew.

Lawrence Douglas
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JHE SUBMARINE TANKER

In the early "T0'a there waa great interest
in economically tranaporting oll from the large
oil finds in the Arctic to the markets in the 0.3,
and Europa, Either pipelipes or parine systems
geeped feasible. But, bringing the oil out by
subparine tanker -- on & Yyear-round basis -—
appeared Eto be the most cost-effective approach.
Conasequently a design atudy of an Aretic submarine
tanker was conducted by General Dynamica' Electric
Boat Division to demonstrate the practicality of
this approach.

Though this project never materialized, the
evident wvalue of such a submarine tanker for
refueling oll-burning surface ships in wartime bas
kept this copecept alive. A battle group of mnon-
puclear powered carrlers and escorts; capable of
being refueled from & submerged tanker —— on any
courae amd at relatively high speed -— would
greatly Aincrease transit speeds while ensuring a
vital und eraay réaplenishmant capability,
particularly in a conventional war environment of
enesy ocean survelllance satellites and enemy long
range oruise misailes.

The submarine tanker designed by Electpic
Boat was most economically sized to carry 250,000
deadwelight tons of olil, With & length of 1,000
feet, an B0 foot draft, a submerged displacesent
of 360,000 tons, an operating depth of 1,000 feet
end a sustained speed of 18 knots, this giant
submarine opould Eransit efficiently under the
Arctic ice, through the restrictions in the
Northwest Passage and readily aveid icebergs in
Davis Strait.

Since this tanker could and probably would
load its oil from & bottom loading pad, its total
oyole of operations ocould be ascure from anamy
observation. Although designed for peacetime
commercial use, it could be considered an asset to
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be activated as a maval auxiliary in wartise.
Thus, an enemy ocampalgn againat auch & wital
element in U.S5. logistica should have little
chance of being succasalful, With the 0.5.
advocating a "forward offensive paritime
atrategy:™ the security of its critical refueling
elements ™under the gun®™ of enemy hoseland
defenaea even moresc emphasizes the submarine
tanker sclutlion.

When Gthe attractiveness of this submerged
commarcial tanker for wartime paval operationa
became aevident, a further design atudy for the
undarwater refusling aystem was oonducted., A
probe and drogue ayatem similar to that used for
aircraft refueling from tanker aircraft was shown
to be feasible =- the subparine positioning itselfl
under the surface ship and pumping oil up through
its telescoplc probe into a bottom drogue on the
surface ship. The salety factor in this method of
refueling was particularly good becausa of the
stability of the submarine under all sea
conditiopns and the little movement of & surface
ship drogues poaitioned at its center of
flotation.

The vapael is  essentially a large,
rectangular tanker=like ship hull with the leng
internal eoylindrical pressure-resisting hull,
usually associated with a submarine, centered
within the ocuter rectangular hull, The central
hull contains the living and contrel apaces, pumps
and auxiliaries, and the propulsion machinary,
Except for the free flooding ends of the ship, the
resainder i filled with oll cerge in the loaded
copdition and sea water ip the ballasted
copdition. The wvariable cergo tapka on either
side are provided to compensate for the differepce
between density of sea water and the oll,

The propulsion i1a by twin screwa driven by

steam turblnes. Steam is supplied by a
pressurized water reactor, aimilar in deaign Eto
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those presently 4in use for ocommeroial electric
powar generation. The nuclear steam supply system
produces steam for the two propulsicon trailns, =ach
plant developing 37,500 SHP at the propeller for a
total of 75,000 SHP. The zustained 3ea apead
would be 18 knots,

The cutar rectangular hull is longitudinally
fraped over transverse web frapes and bulkheads
not unlike a conventional tanker. The ship is
divided to provide four main cargo tanka, a porkt
and starboard wing tank, and a port and starboard
center tank. The central pressure resiating hull
iz a ring-atiffened cylinder, 50 ft. in diameter.

A typical cross=section through the hull of
the tanker is shown in Figure (2}, the left view
depicting tha leoaded condition submerged. The
entire rectangular bull comprising the main carge
tanks, 1is filled with oil as are the four (U4)
variable pressure-reslsting cargo tanks. All of
the oil ip the main cargo tapks would be at the
asblent preasure of the cutside sea water in this
operating condition. The oil, being less dense
than sea water, has a buoyant foree, therefora the
vessel must be heavy enough to @maintain and
operate at neutral buoyancy when [ully loaded.
This weight is largely in the hull-ateel and
pressure=résisting structures apd enables the ship
to get to the operating depth without paying a
heavy price in fixed ballast for it. The right
view deplicts the "in ballast™ condition submerged.
The main ocargo tanks are filled with sea water.
The four variable cargo tanks are carried empty
and at one atmosphere of pressure to support the
welght of the ahip. Briefly, the added buoyancy
of these f[our tanks is necessary to support the
weight of the ship when in the ballasted
copdition. It should be noted that, even though
the same welght is cerried; not as many barrels of
aea water are carried as there is cargo oll.
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A simplified explanation can be used to show
how oll and sea water of various depaities along
with their differences can be compensated fors to
make the submerged weight of the tanker. with or
without cargos ejual to tha weight of the water it
displaces — making it neutrally bucyant.

Submerging and surflacing operstions are
accomplished by taking on or expelling sea water
from main ballast tanka juat as the earlieat
subparines did -- as a patter of fact: 4in 1900
before the Wright Brothers flew at Eitty Hawk.

Controlling attitude and depth ia through the
use of bow and stern planes not unlike the
familiar control surfaces of WH II diasel-aelectric
aubmarines.

The ashipboard carge handling aystem for the
subparine tanker i3 g self-compensating aystem.
With thia aystem:; the ahip's cargo tanks are
glways full of eil or full of water or acpe
combination of the two.

This type of ayatem offers a number of
advantages, among them: it allowas the tanker to
be loaded or off-loaded at a submerged terminal
fapility; Aif surfece [facllities are used, it
gllows the tanker to dive immediately upon leaving
the ice=Tree lfaclility area; it eliminates odl
vapors in the carge tanks: Ethus reducing the
explosion hazards commonly asscciated with the
handling of oil cargoes: it reduces corrosion of
cargo tank atructurea; and it tends to elimipate
fatigue-=streas on the surface ship=like structures
which are caused by leading and unloading
alterpate combinations of tanks.

Perhapa the post important advantage is the
high potential for this aystea to prevent oil
contamination of the sea.
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Figure (3) 4is a schematic diagram of the
cargo system. On arrival at the loading terminal,
the main carge tanks are full of =ea water,
During the loading operation, cargo oll is forced
into the top of each tank aisultaneously by pumps
at Ethe termipnal., The oil displaces the ballast
water in the tanks; [forcing ballaat water from the
bottom of the tanks to the asa. When the oil
water interface approaches the discharge line,
loading will be alowed and the ballaat water
passed into the expansion tank to allow aeparation
to take plage. Discharge to the sea is through a
separate line at the tank bottom, An oll-water
geparator is indicated Ffor the use in the final
topping-off process, should larga scale teating
indicate the need.

PARALLEL LOADMNE oF CARSD T Sfamm)
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The orew was sized {from & manning analyais,
Based on the funoctions to be performed, thirty-
nipe men would operate this tanker == but
aggommodations for 49 were provided to include
cadets and traineea.

For piloting in confined watera of astraita
and sounds, some method of determining the ship's
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poaition wery precisely with respect to =shoals,
under ice ridging: icebergs and other
obatructions:, muat be considered. An acoustic
system wusing today's advanced technolegy ia
logically used for this function. Figure (8}
illustrates the various types of sonar apparatus
that would be used and the type of Informationm
they would relate bto the submarine operator. This
aquipment ia essential in determining a safe path
in the vertical dimension,
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Both surface and subszea loading were studled
end it was oconoluded that subsea 1s clearly
puperior because the hostile environment is not
achallenged throughout the life of the syatem.
Figure (5) illustrates one of the submerged
loading concepts. The loading pad would be bullt
in a temperate area and towed up to the loading
tersinal loocation and submerged. It would then be
piped to the beach with offashore pipelines similar
to those in use in offahore producing areas.

r.\_.' :‘ ety _4_' ‘H&‘L
AFT AMCHOR S [OADING PAD ' WD ANCHOR
WINDLASS AND WINDLASS AND
TRIP LINE WINCH, P/S TRIP LINE WINCH

Figurn 5.

The most practical loading technigue is ko
bring the vessel down on the pad in a Fixed
looation, maintaining =light negative buocyanoy
during the operation.

ODltimately:, after the 250,000 ton tanker
scheme was found wanting for customers: & 100,000
ton submarine tanker design was proposed to the
Mayy for [flest use. This was seriocusly
gopaidered, but a2 limited budget, which then was
focused on a new attack submarine project, sSwept
tha fleet submarine tanker copncept under the rug.

Pilsoes
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DR. EINSTEIN'S TORPEDO LETTER

[ Ed. Note: This letter by Albert Einstein
reproduced from ASME News, Feb. 1986, contains an
idea on how to ioprove a WW II torpedo, It was
written when he was a consultant to the Bureau of
Ordnance during the War. The problem posed to Dr.
Einstein was apparently whether it was poasible to
have the torpedo explode when ™at rest®™ on the
side of the submarine — the torpedo having been
decelarated in 10 cms distance. But to do the
Job, becauss the deceleration solution Aia
iopractical; he suggests putting an air space
ahead of the "fuse pechanism.™]

January 8th, 1943

Compmander Stephen Brunauer
Bureau of Ordnance

Navy Department
Washingkton, DC

Dear Mr. Brunausar:

You have asked me yesterday to scbmit to you
in writing my propoaition to bring about a
position of the torpedo parallel to the wall of
the ahip, before the explosion. In working thias
out; however, I became aware that the realization
of this method is quite impossible. It ia
impoasibles namely: to bring the torpedo to rest
in working on it on such a short length which ia
available; the forces are s¢ tresendous that they
gust mechanically destroy the torpedo,

If' v is the speed of a torpedc of the maszs m,
the negative accelerating force E, tha way of
pccaleration & , then K is given by the equation

YamvEs KA
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100 kg. = 10°g

25m = 2,5 10°en
L= agg

10 cm

If one puts F.instance m

T

¥

Fa¥

i

one geta K E 310 & absolute unita or 300 weight
tons (3 - 107kg.). It is clear that the structure
of the torpedo cannot atand thia.

The torpedo has therefore to be brought to
explosion before losing its speed. In 0,001
gecond it makes a way of 2.5 om. To be sura, the
explosion should be Finished before
sazential parts of the torpeds undergo deforma=
tion. It can f.1. be arranged that the head of
the torpedo can undergo a deforsation of appr. 10
Oy without the rest of the torpedo being
pechanically deformed. This Crontal part should
contain empty space ( or a space containing only
air) to aveid that its deformation produces a
compression wave propagating backwards with great
speed. The torpedo-head would then look like

this
%:—* . il j—a.-u-

The empty space has the only purpose to gein
g few thousands of 2 second between the time of
contact with the ship's wall in which the [fuse-
mechanise ocomes into function and the time in
which the explesion iz finished.

Probably care has been taken already of those
pircumstances in the oconstruckiom of the torpedos
now in use, I am telling it only because I have
no information about it.

¥With kind regards,
sincerely yours,

I8/
Albart Einatein
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There has been little tactical application of
the possible wide range of unmanned submeraiblea,
indicating Gthat their development has held a low
priopity in Nevy progra=zs. Femotely piloted air
vehiclea (RPVs) have received a bit more attention
-- mainly as targets for weapons testing and for
tactical trainiog of operational units. Yet, the
concept of the remotely piloted vehicle including
submersibles should have received a great boost
because of the successes of RPVs in recent Mid-
East actions involving Israeli airaraft attacks on
Syrlan asurface=te=alr missile defenses in the
Bekaa Valley of Lebanon. Thera they showed thedip
value 1n tactical applications deapite thelr high
1ikellhood af being destroyed during the
prosascution of the miasion for which they were
programmed .

Because unmanned remotely piloted wvehlcles
muat be considered expendable, thay muskt
neceasarily be of relatively low coat, of limited
technological complexity, capable of self
deatruction to prevent coompromise of their
functions, and yet be able to convey Information
back te their originstors before their
destruction. This latter capability has not been
devaloped for submersible platforms either in use,
or fFor those which could be readily conatructed
from exiating technology. Wire-guidance of
torpadoes is the rare exception. Ontil solutions
for this dirfficult problem of linking back
inforpation from the underwater environment ==
unlike EPVs in the sir - are developed; wmoat of
the wvery attractive uses of unmanned submersibles
must be put on hold.

Submerged RPVa should be considered az low-
goat force mulbtipliers, i.e. thelr uase can greatly
magnify the eflfecta of panped platforss while
reducing the risk to the manned syatems,
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To wunderstand the potential role of the
unsanned submersible in Navy applications, it
might be uaeful to recall how the Isaraelis in 1985
used their HEPMVa 4in the ulkimate destruction of
moat of the Syrian SAM sitea while experiencing no
lasags to thelr manned airoraft. Much of this
exparience appears to be tranalatasble to the use
of unsanned, untathered subseraibles of the
futura.

Israall RPVa were firat flown into the Bekaa
Valley Gto covertly record then transmit bagk --
bafore their destruction == the radar freguencies
controlling the Syrian surface-to-air missiles, as
well as to ddentify the location of the
eontrolling radars. The RFVs also recorded the
logcation of the SAM control centers and thelr
procedures, This fupction alerted the Israell
command as to any changes in technology or
tactical procedures which could have recently bean
introduced by the Soviet suppliers of the 3IAH
equipment. When missiles were sctoelly fired at
the RPs == and this was encoureged by certain
EPVa which were given the oharacteriatics of
manned aireraft == the RP¥s (ired-at then
broadeast, in real time:; their experience. Later;
a flock of RFVs were flown in jJust ahead ol the
panned aircralft going im for an attack on the
miaaile sitea; to act as decoys and to greatly
reduce the probability of the manned Iaraell
aircraft being identified and tracked sa miasile
targeta,

It is reasonable to consider three distinct
glasses of unmanned submersibles that might
fulfill npaval tactical missions. The First are
the amall guided submeraibles:, the majority of
which are weither torpedoes, modified torpedoes
{like mobile minea) or vehicles based on Gorpedo
technology. ASH training targets and decoya
resembling either torpedoes or submparinea fall
into this category. Such vehicles have limited
tactical Flexibility, eare low in mission growth
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potential, are relatively low in cost and have
little overall system complexity. (Hodern
torpedoas are another matter.) Potential
interference of thia elasa of submersibles with

fleet operations Iis well understeood and resdily
dealt with.

The second ¢lass of unmanned submeraibles,
although well developed conceptually, have pot
seen tactical application. These are larger
submeraibles which can be deployed by a wide range
of platforma. Ocean bottom-search wehicles are
the moat viable members of this class. Tha RUMIC
mine search vehicle might scon enter developmant
and =should be the moat sophisticated wvehlcle of
this eclasa. The Autonomoua Resmotely Controlled
Submersible ({(ARC3), of the Canadians, 18 a
forerunper of the ROMIC, Covert search and
reconnaissance; [frequently in hazardous areas; ia
the primary role of the ARCS:; which is designed to
surface in order to deliver its information. The
requiresent that such submeraiblea be launchable
from a wide variety of platforma ranging from
helicoptara to pinewarfare craft places a limit on
submersible size, (Submarine launched RPVs resain
undefined for lack of fthedr total system
practicality.) Reatricted by their necessary low
coat, the medium size subpersibles are also
limited in their functions; tending to be single
function in nature. Sinoe such submersibles also
tend to be uasd in direat support of [leet
operations they are generally unarmed and should
pose few coordimation problema. Alsoy since such
uptethered wvehicles have psimpie; short=duration
missions within a olearly defined limited
cperating area, complex external comsand and
control provisions are rarely required. Precise
pavigation and programmed control are however
necessarys particularly where the submersible's
pission is to search a hazardous area,
Sophisticated onboard proocessing of sensor
information and ocapability to alter mission
objectives should rarely be necessary. Thus,
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sinos there are no high risk technical or
cperational problems te inhibit their davelopment,
early implamentation of this olass of vehiolea ia
poasible.

The third c¢lasz of unmanned subpersibles
comprises long range autonomous vwehieleas. The
missions of these submersibles would normally
require a large payload capacity and long opera-
tional range. A 1982 Mine Delivery Vehicle atudy.
for axample; delined a vessel that looked like =&
small subsarine.

High payloads and long operational radius of
these large aubpersiblea result In full load
displacements of 10 tons == abouk the lower limsit
== Wwith some designs reaching intoc the 100 ton
range. The characteristics of these submersiblaes
raise 8 complex set of oparational issues, With
few exceptions; theses unmanned submarines cannot
ba deployed from support ships. The Mine Delivery
Vehicle: for examples, could only be launched froa
certain large amphibious ships such ez the L3D.
The most efficient approsch is therefore to shore-
base such a vehicle -- probably at an advanced
subsaringe base. One atudy shows thia type of
vaehicle to be about 70 feet long, 14 C[est in
diameter and with a npet deliverable payload of up
ko 50 tons == with & maximum radius of action of
several thousanda of miles. In addition to ita
weapon-delivery configuration, its paylecad baya
oould be configured to give the submeraible a
multi-mission capability. Ssuch a vehicle should
provide the U.S5, Navy  with a cost-effective
augmentation to the smanned vesaels of the [leet.

There eare at least three important jobs for
the Long Range Autonomous Submersible: covert
surveillance, tactical probess and forward-area
weapon delivery -—- mainly mires. For the [irst
mission of covert surveillances the payload might
include a TACTASS towed array if the mission were
ope of monitoring surface and submerged Gtraffic
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through a ohoke point. Ucher sensora might be
included to ponitor radars and communication
traffic., Thia capability could be applied as well
for & misaion for monitoring activity im port
areas, Onboard procesaing of Aintercept data,
pattern analyasls end message composition could be
handled by a computerized proceasor on  the
vehicle. The surveillance mission dictatea low
on-atation apeeda or the capabilibty to bottom tha
vahicle and maintain atation for pericds up to as
high a=s 90 daysa. Forward area deployments could
extend into areas where defensive mining should be
anticipated, or into port areas where ASW delenses
== bottom listening devices, ASW patrols: megnetic
detectoras; etc. == present a high risk environment
for 55Ns over &n extepded periocd of time.

The second mission area for the long range
unmanned subseraible ia the tactical probe, The
Iaraeli RPV probes of the Bekaa Valley Syrian air
defanaes are illustrative of what might ba
accomplished by an underwater vehicle sent into a
gea ares of concentrated ASW activity. The probe
might also explore the wviability of harbor
defenses as to sound listening devices, EW
measures 1in operation, obstructiocns, anchorage
protective measures, installations to protect
against air &and surface-to surface milasasile
attacks, ete.. Submariners went into enemy
harbors in WW II to sink ships -- and anchoragesa
and ports will increasingly be the place to find
the highest copncentrations of enemy ships. But
today the same Jjob 1is likely to become too
hazardous [or the costly SSHN —— even if it were
probing for the eventual uwse of long range mobile
mines. In any case; the necessary linking back of
information -- before probable destruction ==
remains the critical element in the probing
system.

If the probe is designed to activate enemy

defenses 30 as to discover actual weaknesses, the
large submersible sust be able to emulate an SSR's
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characteristics wntil put under attack -- while
gathering end providing for tha link back of
information gained —- then become covert once more
to protect the relatively high investment in auch
en upderwater RPV. Deaigning such a "probe™ ia
certainly a challenge for those who believe in the
efficacy and value of underwater RPVa.

The third gmission is weapon delivery. It
offera the highest payoffa. It is also the one
which 1is likely to be moat worrisome for U.S5,
naval planners. A weapop-carrying, unmanned
vehicle 13 a potential threat to friendly forces.
Even the long range mobile mine might be
accidentally planted in shallow areas where shipa
can blunder upon the misplaced mine. Certainly,
errant wespons ere the submariner's nightmare.
Thus, the wuse of weapon-carrylng autonomous
submersibles will be viable only when they can be
operated in modea whieh preclude thelr hazarding
of friendly shipa, including submarines. There is
a development plan for the guidance and econtrol
system of & weapon-carrying large submeraible -- a
joint effort by the Maripne Systems Enginearing
Laboratory of the University of New Hampshire and
the Shepandoah Systems Company.

There are few missions for the asutonomous
submersible that do pot require & route CEhrough
waters utilized by the ships of the U.5. Navy and
its allies. This crestes the particular problem
off not ipterfering with manned vessels engaged in
fleet operations. This problem may be greater
than that of designing and constructing soch
submersibles. Since moat of the lmportant large
underwater HRFY missions mre in or pass through
panned submarine operating areas: tha coordination
of such unmanned vehicles with that of operating
submarines must be resolved by pressnt submarins
commands, Modern technology and thes wusa of
operational econastraints simllar to those used to
coordinate the povement of ships: howevers should
be eble to help resolve this problem.
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Significantly, the subaequent manned airp
attacks in 1988 by U.S. carrier airoraft against
Bekaa Valley objectivea == wWithout the
comprehanalve use of airborne RPVa == resulted in
an increased effort directed towards Aipcreasing
D.8. alr operated RP¥a. The production in numbera
of advanced types of unmanned submeraibles may
however have to wait for world situationa which
call upon the eacalated use of manned submarines.
Until then; the development of concepta and proto-
types need to be pursued il the cost-effectivenesa
of such unmanned submeraibles is to be realized.

Richerd Robinson

THE HISSING ELEMENT

The power projection doctrine outlined in the
current maritime strategy is uniguely tailored to
the capabilities of the puclear attack subearine.
It defines a mission in an environment which
submarineas have been operating in for many yeara.
A aignificant difference exists, however; in the
character of the command and o¢ontrol capability
required to effectively respond to this misaion.
The dependence of the current astrategy on an
adequate command and control capability teo support
ita implementation appears to be under-emphasized.
Thia weakness could be a missing element in the
chemistry of its content, and & limiting Tactor in
the effeotivensss of the submarine's role in
supporting its objectives.

The submarina comsand and control reguirement
has always required sapecial attention. While kthe
one way sulti-opportunity broadcast — concept
adequately responded to the post World War II
operational naad, technological advances in
platform, BENBOF, and weapon ocapabilities,
implemented in resaponse to an increasing threat,
mandated lmprovement,
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The decision to deploy the sea-based POLARIS
strategic missile ayatem was supported by a major
submarine command and control improvement program.
This effort recognized that the oredibility of
this new deterrent system was directly related to
our ability to convince national and world leaders
that the capability to command this force was
assured,

DPedicated strategic command and control
program management, a comprehensive research
program, &and intensified communication training
initiatives were key parts of ths strategle
command and control enhancement progras. The VLF
upgrades; TACAMO; floating wire and buoy antenns,
end ELF projects initiated in this era form the
backbons of the syatem in use today.

Communication improvementa for attask
submarines have not enjoyed the priority of the
atrategic initiatives. While some "flow down"
benefits ocourred in broadcast and floating wirs
antenna systems shared by both SEBNa and S5SNa, no
significant support for 55N comsand and oontrol
improvement occurred until the late 1960a. At
this time the "33N Escort™ concept focused
attention on the 2SN tactical communication need.

An 53N tactieal commupnication workshop
aponsored by ARPA at Lincoln Laboratories late in
1970 provided the foundation for & comprehensive
ol communication improvement effort. A baseline
program of radio lrequency,; acoustic: optical, and
entenna research initistives evolved from thia
meating. Projects recommended included :
expendable comsunication buoys, compunicating
floating wire and advanced towed buoy antenna
systema, an integrated (Air-S3N-DD) acoustic
communication systems high speed store and lorward
on demand satellite communications, and research
on submarine laser communicationa,.
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The spopsorship of these i1nltiatives was
initially provided upder the authority of OPF=02 ==
Daputy Chief of Havel Operations for Submarines.
It scon became apparent: however, that the 353N
command and control improvesent program directly
ippacted the cheracteristics and capabilities of
the other platforms on the ASW tean. It was not
surprising: therefore; to experience reaistance
from surface and air sponsors to allocate funding
for platfora isprovesents dedicated to improve the
command and control of the S3N.

A mulbi-plaktform sponsored coordination
effort was reguired. This was accomplished in
1975 through the establishasent of the Coordination
in Direct Support Program; under the sponsorship
of the Director of Cosmand and Control (OF =-0G4).
The econktributions of this programs until its
disestablishment in 1982, were significant. The
program served a3 a forum to wvalidate a&and
prioritize program expenditures and provided a
value judgement focus on the lopact of Command and
Control  improvement on the effectiveness of
coordinated ASW operations.

The disestablishment of the Cooprdination 4in
Direct Support program reflected a lack of warfare
sponsor determinatieon in support of communication
improveméntas which has been a longstanding Navy
problem. Programa whioh produce ships, airoraft,
and weapons underatandably enjoy higher
priorities., This has foroed many ocommand and
contrel Almprovement efforta to be justilfied on
fleet needs and deficienciea on a "oatoh up™ baasis
rather than in "oonsconance™ with tEhe developsent
of new warfare platfors capabilities.

The situvation faced by the submarine force
today im supporting the power projection strategy
is much the same as that faced at the time POLARIS
was deployed. The TRIDENT, TOMAHAWK, SSH-688 and
S5R=-21 prograss reprasant powarful new
capabilitiea which can and will sanhance the
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effectiveness of the Navy's maritime atrategy.

But, the full potential of these capabilitiea
may pot be attained without major improvements in
our subsarine command and control capability.

Thia improvement should begin with
establishment of single point submarine command
and econtrol prograg management authority withinm
the systems command and the CHO ataffs. It 1is
underatood that the new Space and WNaval Warfare
Systems Command Organization will re—-eatablish a
dedicated submarine program sanager. This
position should be utilized to foous and direct
the broad apectrum of submarine program activity.

Equally dimportant to atrengthened progrem
management 1s the need to establish an integrated
and dypamie communication development program.
This must focus teop level technical attenmtion on
izprovepenta which directly support the
submarine's contribution to the current maritine
doctrine,

This program should address as a matter of
importance questions of ilmproved antennas: the
mast mounted, expendable buoy, [loating wire, and
towed buoy systems which bridge the oritical
sea/alr interfeace and are vital linka 1in oup
capability to communicate. They serve a function
in the 33N external command and contrel similar to
that whioh the towed sonar array aesrves in passivae
acquisition and tracking. Has our beat teshnolo-
gleal attention been applied to achiave optisal
antenna capabilities and configurationa? What
applicationa from the fields of robotic: deep
posan exploration and high apeed integrated
gircuit technologies can be applied to improve the
reliability of ourreant ayatems and expand
cepabilitiea?

The risk to a supporting S5 expossed in &
communicating posture i3 aa significant now as it
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was in the dava of "sub-air® coordination. This
risk must elther be accepted or minimized through
attainment of effective low risk command and
control for the role of the S3SN to be of maximum
value.

The submarine community musat become @more
vocal and supportive in many of the ongoing Navy
command and control upgrade progrems which have
the potential to support the 55N mission. The
capability of the termipal planned fer submarine
use in the milstar satellite communlcations
program should be carefully reviewed bte insure
that this most survivable system will optimally
support the r[lexible targeting and shore
connection requirements to accomplish SEN misaions
in the power projection strategy.

In 1958 and again in 1970 special efforta
wereé required to insurs that the submarins
comsunications capability was adequate to seet the
challenge of important new mission requirements.
The ourrent paritiee strategy poses a similar

challenge and justifies & need for special
attention.

The "™3ilent Service®™ m@motto which =0
appropriately deascribes the quiet professionalism
of our warfare community can no longer apply asa
wall to our attention to command and control. It
is time for us to pecognize the ilpportance of this
requirepent and Iinorease the content of this
element in the chemistry of our capabilities
developmental program.

Dan Donovan
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RUSSIAN SURS IN WW 11

Commander Compton-Hall's letter on the Oct,
1985 book review of Hussian Submarines in Arctic
Haters seems to have gone a bit overboard. He
calls the book "a straight PR/propeganda effort,
thoroughly unreliable and astocked with groas
exaggerationas of success® - PFeasily disproved
with certainty.™ And, that the reviewer of this
bock was taken in by the book's disinformation.

As the reviewer; sy main purpose was to point
out to our owo submariners the trials and
tribulations 4o the Soviet submarine foree which
ware 8o similar to our own. While I realized that
the acouracy of most war atories 1is susapect, I
feel that in fact, EKolyshkin's dasoription of
submparios suococesses for the nporthern submarine
force during WW II are relatively wmodest. For
example; only one Nazl sub was mentioned 23 having
been sunk: winning the skipper 2 highly-rated
medal, while Compton-Hall notes that at least two
German subs were sunk by the northern sub force,
and other medals were awarded to askippera for
sinking & couple of merchantmen. These are hardly
gross axaggerations,

Additional support for the Rusalan asubmarine
effort is in the aceount of the FRussian S=13'"s
sinkinga in early 19485 - detailed by Michael
Martin imn his story of tha ainking of the WILHELM
GUSTLOFF in the Retired Officer magarine,
January, 1986. Aa related, the German's GUSTLOFF,
a 25,000=-ton ocean liner with 6,050 pecople aboard
{(an official count) was sunk in the Baltic by the
5=13's torpedoes. Than; it 313 noted thaet in
February the 5-13 sank the 17,000-ton GENERAL
STEUBEN with a loss of 3,000 lives, and in April
the GOYA was sunk by a submarina's torpedoes with
& loas of life of some T,000 people. It was alao
noted in this account that 5=13 held the tonnage
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racord for Russian submarines. This was a modeat
sgore, but not to be casually written off, as
Compton-Hall would try to persuade SUBMARINE
REVIEW readera £0 do == with his statement Tthat
"by any standardss and shed of nicetiea, the
Soviet submarine record in WW II waas appalling.”
Paul Loustaunau

SMIFT TURNOVER

The January 1986 4iasue of THE SUBMARINE
REVIEW contained an artiele that fell far short of
what you generally inolude. The need for
additional phope lipes to inport SS5Nas is not a
surprise or & subject of debate. I personally
know that a tender CO and Squadron Commander find
that personal wisits to the ships by thelr sbop
suparvisora rather than desk-borne phone checks
are beanelficial to gettimg the Job done correctly.
It alsc works bast when the submarine JO0 shows
interest in what's going on by occasionally

visiting the Repair Department offices on the
tender or base.

Anyone who thinks that an "officiel Eturnover
(te a relief crew) could be carried out within
kours of (an S885N's) return to port"™ is not
fapiliar with Gthe complexity of today's nuolear
submarine, has npo concept of the legal
requirements for operating nuelear plants ar
saleguarding clasaified materlial, or perhaps had a
momentary loas of smemory of what went on during
his Lwenty-loor yeara of riding submarines. Tha
Blue and Cold crews have been working on stream-
lining the turnover procedure for 25 yeara. If
that 3 day ordeal can now be "carried out within
houra of return to port:® then I certainly asalute
those marvelous young officers and men we have
down on the waterfronta.

Captain C. 0. Foster, Jr., USH(Ret.)
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AN HHD TRANSDUCER

In reading the latest Review, I found the
article on npew submarine power plants most
interesting, perticulerly the specolation on use
of seawater HHD for propulsion. I have a patent,
the result of some research dome at MoDonnell by
my group in the dim dark past on an MHD typs of
sonar tranaducer.

Uaing Lorenz effect to drive the seawater
core of the transducer, we were able to get good
resulta at low power for limited sound
tranamission Gthrough the water with reasonable
afficiency. The work in this area,; alanted toward
propulsion, did rum into problema of baaic physica
end chesdatry, in particular the effect of
electrolysis due to the prather atrong current
required through the water. This edded to the
glready sericus problem of cavitation which
gecurred in the low pressure erea at the Front end
of the beast. VWe concluded that; far from being
quiet, this methoed of propulsion would be
extrepely nolsy for any useable thrust, ewven uasing
the extra [leld strength of super-ccoled @magnets.
Maybe sopeone has cope up with the answer to thease
problems; but I've asen no indication in the
literature.

Fus D"Naill

JHE 55N-21 AND THE 0.5, MARITIME STRATEGY

Phoenix served up some rather heady wine in
his article; THE S2N=-21 and 0U.5. HARITIME
STRATEGY s by umnderestimating the upstream
technological =iracles and the high degrea of
Soviet cooperation, that will be required in order
for SSH=21 to perform the various missions
deacribed.
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Consldering the baslis of the author's
coptentions relative to the U.3. maritime
strategys, oan we rely on the Soviata to provide
S3N=21 with a target rich hunting ground =— in the
so ¢alled bastion == after the onset of
hostilities? For them to allow this would be
precedant setting in the misuse of aea power.

Russians are aware that historically, opaval
warfare 1is won through offensive == not defenaive
== potion. Submarine caspaigna in particular
proved to be moat productive when stealth was used
to offset enemy control of the cceans surface in
the rorvard areas. Soviet assets, VICTOR III,
OSCAR; MIKE and SIERRA feature high speed, long
range, low radiated noise and excellent weapona to
perform effectively in the broad reachea of the
CoBANRS . There;, with the aid of space-based
surveillance aystems and organic onboard sensors,
theass Soviet submarines should have excellent
locating inforsation on U.5. surface forces. Why
then, would the Soviets permit their "free rides®
to combat zones — particularly when their acceas
to U0.8. carrier battle groupa extends oceanwide?
Logic dictatea otherwiae. Prepoaitioning of
Soviet 53Na along anticipated routes of 0.5,
surface forces before the onset of hoastilities
will make the most effective use of this aaset.

Given the U..5. "predilection to permit a foe
to strike the firat blow™: a3 stated recently by
Admiral Al Whittle in & recent speech. the Soviels
can prevent 0.5, destruction of their S5SHs in
RBussian home waters si=zply by moving them out to
sea before the shooting starts.

Further, Phoenix departs from & pure bastion
theory with establishment of & requirement lor
35N=-21a to "ensure control of the worlds ccean For
logistie resupply of engaged forces.® Howavar,
the technological eadvances required to perfors
pany of the described SSH-21 tasks will indeed be
resarkable.
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Although the U.3. mparitime strategy iz not
Phoenix's ohild, it 1= worthy to note that the
last time our Navy bet everything on 1ibk's
anticipation of the opponent's plans instead of on
known capabilities, the result was a Pearl Harbor.
We would do well to remember that.

CAFPT D, M. Ulmar, USN(Ret.)

A _SILENT SERVICE?

In oy new career as an independent consultant
I've hed to deal with military information which
was @advertised as very clasaified and extresely
senaitive. Since my Eraining as a "ouke™ haas
hopelessly coptaminated me with the Airrational
notion that ope shouldn't talk about a subject he
doesn't underatand, I felt obliged to learn about
various subjects from open literature.

There was no lack of defense-related journals
from which I could compile a great deal about the
"alasailfied® projecta I was a consultant fop. In
fackt. the first “deliverabla®™ to one of my
customers was a compilatiom of all that I'd bean
able to pilece together about thelr Tascrat™ field
of endeavor. The last paragraph contained some
rather smoug resarka about how well tha "5ilent
Service®™ has managed to keep their business out of
print and among themnsalves.

When I subsegquently tuned in on converaations
in public places like Providence's Greene Alrport,
the plape taking me to Washingtons and then the
conoourse at Natiomal Airports what I Hheard
relative to SUBACS, the 55N-21 and weapon and
sapsor characteristics embarrassed me @pa a
submariner.

As a young submariner; I remember my X0
taking a JO seriously to task for mentioning TOTO,
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the ™topgue of the ocean,* av a wardroom party.
It wasa used in regard to submarines going there
for sound trilala, Eveén though such matters have
passed into the publie domain, I 8till bhave
twingeas of oconcern when words such as "towed
array” or "parrowband® are vaed in publie,

The submarine serviee atill has an enviable
reputation for not airing their problems or their
secrats in publia. I would like to think, with a
little effort on the part of all of us, wWe can
atill personify the image of "where did you go?" -
"NHowherel;® "What did you do?™ "Nothing.™ We
certainly ocught pot come down on those whoe write
fascinating plecea of fiction, but perhaps we
should speak barably to thoze whose pricr detles
make them [feel qualified to be  "technical
advisoras®™ to such authors,

[Ed, Note: This letter was sent in unsigned and
appears to be a tactful appeal to shut dowa Ctha
SOBMARINE REVIEW for the sake of having a "ailent
parvice, ™ whioh is better off that way. Fiotion
indeed? ]

¥W II EXPERIENCE -- USEFUL TODAYT

I think 4it's appropriate to comment on the
differences between aubmarining in our days and in
the modern nuolear age. The REVIEW at times seema
to infer that the puclear skippera can benafit
from the experience of those of ua who took dlesel
submarines to sea againat the enemy in wartime.
However, there is a wvest difference. It ia
somewhat analogous to the shift from aall to ateam
== gnly in reverse. The salling ship was slow and
ineffective but she was self-sufficient and aould
keap to sea for long periods. A naval officer was
first & seapan, next a warrior and never much of a
logistician, The ateam waraship becase much more

61



affective but she lost her salf-sufficiency. She
wazs btied to her refueling facllities. Power could
carry her through situwations where sail was
balpless and the need for good seamanship
diminished.

In the nuclear subsarine the nesd for
aesamanship, as we knew it, has dwindled close to
zéroc. The officera comé direatly from the Academy
through puolear school to the boats, In the
letest TSHIPMATE" the Superintendent astated that
crosa=training between surface and submarine
navies is no longer practical. These officers are
not seamen in the proper sense of the word. They
dive when they pass the forty lathom curve apd are
divorced from the surface for their whole cruise,
They are. perhaps: "undersea pen.”

The principles of command responaibility
repain the same, of course. S5o I feel that the
present submarine commander i1a not likely to
appreciate any lectures on these principles from
the old "fire-eaters® of World War II.

F.D.W.

IHE MELEE

Recently I took a bua load of Mavy Leaguers
to MacDill Air Force Base for a briefing on the
tactical training Wing which provides
qualification for all F 16 rightar pilots.

This foocused attention on the doglfight for
giroraft, and my attention on the submarine
"melee.”

John Leonard's articles has a lot of seriocus
thought and we should heed the advice therein. I
differ somawhat from his approach which he defipes
g3 "a& confused, geoeral hand-to-hand r[ight, =2
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rusbles 8 [ree=lfor=all, a dog fight, or a
Firefight.™ I just don't believe that our sub va
sub tactica will ever degenerate into this kind of
mass confusion involving even poaalbly a large
pumber of suba on both aides.

Air supericrity is gained or challenged by
such tactica and US Air Force tactical tralning is
guided by such circumstances. For exapple; in &
plane at mach 2 the pilot will shoot himself down
{traveling faster than hia weapons!) before he
can attack the enemy. The pilot cannot afford
even a split second to look down at his gauges -=
-7 ] the plane has a pod which projecta gll
information onto his capopy. He looks through it.

The phrase used at the last Submarine League
meeting was "submarine submerged superiority.®

There may be more than 2 or 3 suba battling
each other in the "melea™, buk I think i1t will ba
vary much controlled, preclae and cautious -=— and
while fracking more than one epeamy, Gthe attaock
will dinvolve but one sub at a time -~ but belng
ready to shift guickly to the next terget.

What this impliess 13 constant training in
the skillful wuse of 211 avallable detection
inatrusents; correlating tactica to achieve &
favorable attack position for whatever weapon
aystem 13 selected.

Chuck Ypeger approached his training of
pillots with this phileosophy; demonstrating that
even with planes which are margioally inferior, it
would be posaible to engage the enezy and ™wax
him™ = one plane at a time,

I acoept the prepise that the epemy will have
subs as quiet as ours; that they will have sonars
as ocapable, apd & wverlety of good weapons,
Therefore we can expect chance encountera,
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With the judicicus uae of decoys and & crew
that bhas traiced ggain apd again in the ismediate
respopse to & contact: I have sufficient prejudice
to belleve that cur subs will have an advantage.

Leonard says "Our ability to suastain a
algnificant edge over opposing submarines ia
atrictly dependent upon technelogy and tactioa,®
Abaolutelyl I recall with great clarity the
speclial missions of COs like Al Kelln, Steve White
and others who evolved the tactics and the
skillful wuse of detection and survelllance
syatems. I trust the same effort is being applied

today.
Arnie Schade
48 _THE HEHS
o Jdane's Defenae Weekly of 18 January

describes the new Commander in Chief of the Soviet
Navy, Admiral of the Fleet Vliadimir N. Chernavin =
who replaces Admiral Corshkov. Born in 1928. "hia
career ceéntered on submarines and he advanced from
lieutepant and pavigator aboard a submarine to
becoming the Commander-in-Chief of the HNortharn
Fleet in 1977." In 1962, he led tha firat major
eruise of Soviet nuclear submarines under Gthe
Arotie; develeoping new methoda for communications
pavigation end surfacing from under the ica.
Shortly after that he was criticized in Horakol
Sbornik for "mistakes" in training. But a few
ponths later he was described as a "good officer™
ipdicating he was back in the good graces of the
political community. He was gradusted from the
Naval Academy in 1965, and from the Voroshilov
Academy of the General Staff in 1969. While in
the HNorthern Fleet, Chernavin contributed regu-
larly to the Soviet military press. As a
submariner he particularly emphasized the signifi-
cance of the ocean-going submarine. "Throughout
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hia ecareer, Chernavin operated subparines in the
Morthern Fleet with slmost complete operationzsl
and tactical asutonomy, heving responsibility Gto
determine the specific operation profiles of the
submarines aceording to  their technical
performance.® In early 1982, Chernavin launched a
debate with Admiral Gorshkov on the future art of
war for the Soviet Cleet. Onlike Admiral Gorshkow
wvho was credited with believing that the HNavy
should have an independent art of war, Chernavin
evidently felt that only a complete Integration of
the fleet and particelarly the submarines into a
combined arms command == would npot pecessarily
lose the operational suwtoncay of the [leet —— but
would "ipntegrate all naval knpowledge on armed
atruggle within the framework of & unified
gservice,® This thesis was consistent with the
wiews of Marshall Ogarkovy who saw the need for a
ceptralized and unified high command under which
the Soviet Hevy would be a subsystem within the
organizational framework within the cosbined-arms
armed forces.

o Recent aslection of submarine captaina
to the one=star rank of Rear Admiral were: Pete
Chabot (a Material Professional); George W, Davis
VI Henry HMoKinney, David Oliver, Arlington
Campbell, and Walter H, Cantrell (a subparins
Elnlﬂl]

o Defepas Dally of January 9 tells of the
Havy's plan to have sbout 30 new SSHN=-21 nuclear
attack submarines. Captain Al Carney, the
exequtive aasistapnt to the Nevy director of RDTEE,
1a quoted as saying the linventory objlective "is
about 30 ships"™ at a cost of "at least #1 billion
per copy.™ This cost of about #30 billion for 30
ships can be compared to the eatimated ocost of
$31.6 billion for 66 SSH-GB8s.

o The Mashington Post of 25 January notes

that retired VADM Lando Zech Jr., & former skipper
of Albacore and RKRautilus: has been named by
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President HReagan to replace Hunzio Palladino aa
Chairman of the Nuclear Regulatory Commission
effective June 30, Lando Zech'a last HNavy
assignment before retirement in 1983 was as the
Chiel’ of Naval Personnel.

o On Tuesday., January 21, 1986, VADM Bill
Behrans, Jr., retired, died of a heart attack in
5t. Petersburg, Florida. One of the Navy's moat
decorated officers of flag rank, he was promoted
to Rear Admiral at the age of 43 and latar beocame
the youngest submariner to make Vice Admiral rank.
As skipper of the 55N SKIPJACK, he pioneered the
cperations of the Navy's Firat truly high apeed
puclear submarine.

o An article on the Stirling closed cyole
engine, in the Submaripe Oldtimer Comrades
Assoo, News. 1985, notes that its present state of
development appears to preclude iEs use as &
primary form of submarine propulsaion. Howaver,; &
combination of this non=-8ir breathing engine along
with diesel propulsion in a hybrid syatem "is
under serious Iinvestigation in a number of
countries.®™ This conceptual approach aseems to
combine the advantages of a conventional submarine
with &an extended gquiet:; operational, submorged-
endurance at low speeda "while conserving battery
power for a aprint capability.®

o An article in the Faterson Star Ledger
by Soott Ladd tells of the acguiasition of John

Philip Holland memorabilia by the Patarson Huseum
in January. Holland's 31 foot submarine and his
firat 14=foot craft are joined by asome BB9
additional Holland documents, sketches, photoa,
corraspondence and the inventor's hand written
diary collected by Edward Max Gralf over a 4§0-year
period. With the donation, the msussum now
conteins nearly 3,000 document= and photographs
that once belonged to the late inventor. making it
the nation's largest repoaitory of original
submarine memorabilia. Heolland'a f[irat craft,
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resembling an iron kayak was tested sucoesafully
in the Pessalc River. The oil-powered wveasel
poved wunderwater [For a half-hour. The larger
submarine, welghing more than 19 tons, 1s aigar
shaped and closer in shape to modern submarines.
It was launched 4in New York harbor 4n 1881,
Holland later Formed the Torpedo Boat Company. an
enterprise that grew into the OCeneral Dynamicas
Corporation. The pew Hollapnd documents will be
pade svailable for research and scholarly review.

o Dafenae Mews of January npotes that
defense ocompanies that have been approached to

build the low-cost (no more than $200,000 per
unit) antiship torpedo have not shown any interest
in this Navy project. The Navy sent their draft
apecifications to several companies laast October;
but none have responded -- on the basis that the
torpedo, aa desoribed; could npot be built =0
inexpenaively and produced by mid-1986. At this
point, the Navy is socliciting ideas from torpedo
producers on the kind of low=-coat antiship torpedo
they might produce to do the job. Gould,
Westinghouss Electric, and Honeywell have
indicated an interest in developing an antiship
torpedo for a stockpile of about 2,000 unita; and
be low-coat yet effective againat merchant ahipa
and enemy support ahipa.

o An article in HNavy News apd Undarasa
Techpology of 17 January by Paul Bedard tells of
new Havy plans to install the aight torpedo tubes
in the mid seation of the SSH-21 —— four on aach
side -~ inatead of in the noss of the 5SN-21 new
design attack submarine. The changs was
apparently made arfter a decision that a large
apherical array in the bow of the sub would not
leave room for the torpedo tubes. The waight
torpedto tubea are planned to be 30 inchea in
diameter allowing for a gquiet, swim-out of
torpedoes., In addition to baving twice Ba many
torpado tubes a3 ©the Loz Angelea-class attack
submarines, the SSN=21 is expected to carry up to
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50 torpedoes or other Eube-launched weapons,

= Dafepse Dally of 10 January has a report
attributed to Adeiral Kinnard McKee, that a new
method of building U,S, submarines will be
ipitiated with the construction of the 3S3H-21.
The new pethod, being partially used by GCeneral
Dynamics! Electric Boat Division will see
submarine hull sections bullt with their Ainterior
equipment wvirtually completed before the sectiona
are Joined together. This methodology was
developed by Mazi Germany in 1942 to accelerate
the U-boat bullding schedula, The Oermans, who
built about 30 boats a moanth, had the secticns of
thess boats built all over Germany, then shipped
by rail and brought rapidly together in the port
arcas -- mainly at night because of the intenss
bombing by the Allies of the Cerman shipyarda.
Mewport News is eredited with initiating a $300
million program to provide thia capability, while
the OQuonset Foint yard of Geperal Dynamics will
perfenct this technique for submarine construction.
Deaign of the S53N-21 from the beginning to require
construction 4in this fashion is the Navy's goal
for the 35N-21.

o In subsequent testimony by Admiral
Einnard MecEee Gto the Congresa he i3 quoted as
saying, regarding the Navy's requirement for
attack submarines: EThe. pumber that bas been
around for years on what you really ought to Thave
is on the order of 130 to 140 (53Ns).®" He is
credited with admitting that the pumber to be
bought (100) is what can be "afforded.”

o A Defepae Daily item of 9 January: on
the Soviet's submarine programs notes that Navy
officials have told the Congress that it appeara
that the Sovieta have completed their Victor III=
Clasa SSK program with the launching of the 20th
unit and intend to succeed it with the Akula-class
submarine, firat launched in 1984, "We think thia
is the submarine they are going to build in big
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ousbera®, a Navy Admiral is quoted as saying. The
Akula displaces B,000 tons and is 10T meters long.
The Akula and the Mike are s0 advanced, they may
still be in the research and developaent phase.”
The Mike is 110 meters long, displaces 9,700 tona,
and ocan fire the S5-N-16 standof ASH missile and
"possibly the S55-NX-21, & land attack sea launched
orulse missila™, The Soviets also introduced the
B8,000=ton Sierra-claas 55N, Moapable of shooting
oruise missiles (similar to TOMAHAWK), as well as
torpedoes and advanced weapons.®™ Also in the
Soviet arsanal is tha soar-class attaock
subparine, which is believed to carry the 55-N-19
entiship cruise missile. It was estimated that
the Soviets have "some 35 to 40 subsarines under
conpstruction Ctodey"™ and are expected Gbto launch
"ahout 9 or 10 sach year.™

o A Navy release announced that the paze
of the firat 58N-21 will be SEAWOLF. This makes a
return to the tradition of paming subzarines after
marine oreatures. Two previous auba have been
named SEAWOLE. The [irat, a diesel boat, was high
on the list for total pumbera of Japanese ships
sunk in World War II before she was loat in 1944,
The aecond was one of the First of the nuolear
submarines. It had a liquid-metal (ascdium)
reactor paking it unique, This SEAWOLF will be
retired from service in 1986.

-] Havy News and Undersea Technology of 6
Decegber; 1985, tells of a study by the Inastitubte
for Defense and Disarmament which conmoludea that
the Sovieta, in response to the f(orward 0.5,
offensive naval strategy outlined in "The Maritime
Strategy” delineated by both Secretary Lehman and
Admiral Watkins, is countering the 0.5, offense by
sowing a vast number of minea arcund Soviet port
areas and arcund the bastion areas used by Soviet
ballistic missile submarines. The study
identifies a particularly effective mine in use as
the Cluster Bay. "It i3 a moored, rocket-
propelled torpedo with a detection mechanism which
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actives the mine when the acoustic aignature of a
U.5. aub is detected. An active sonar then guides
the torpedo to ita target.®™ The study further
notes that the Sovieta deploy mines on older
submarines and surface shipa and carry some 5,300
minea for Arctic sowing, and 4,600 in the Pacifia.

0 Havy News and Underseas Technology also
raporta on "the brisk international trade 4in
submarines 4in 1985." Bangladesh bought an
undetearmined number of ROMEQ-glaass submarines from
China. Libya bought 4 AGOSTA-class boats from
Spain. Libya reportedly recelived a mnumpber of
FOXTROT submparineas from the Soviet UOnion. The
Soviets upgraded the 8 FOXTROTS aold to the Indian
Havy and transferred one or two ROMED subs to
Vietnam. The NRorweglens bought a mumber of Type
209 boats from the Cermans; and Sweden purchased a
number of R=2 MALR two-man mini subs from
Yugoslavia. Australia is negotiating for a
conventional submarine design co-production
agreement with a Wesat German and & Swediah firm.
for production of a nmumber of boats in Australia.
And Iarael is putting out a reguest for proposal
to build three diesel boata.

o Ihe Washington Poat of 371 Decenber
reporta that the Soviet Union had 96  space

launches in 1985 compared to tha 17 for the U.S.
(9 of tha U.5. launches invelved GChe apace
ashuttle.} The Scvieta in 1985 continued to streas
the ability to locate ships on the oceans with
gatellites == with 5 ocean survelllance satellites
and three electronic intercept satellites. A
Five=year oomparison of U.5. and Soviet launches
shows the 96:17 ratic to be consistent with
pravious Years.

o The ALASEA (SSBEN 732) was commissioned
on 25 January. After shaekedown operationa thia
TRIDENT submarine will be trenaferred Gto the
Pagific fleet == in about September. The Alabama
(55BN T731), a saimilsr TRIDENT submarine, was

T0



tranaferred to the Facific [lest in February.

o A Navy release of February 12, 1986,
told of fthe MNHuclear-powered HE=-1 Jjoining the
search for parts of the spece shuttle CHALLENGER,
on the bottom of the ocean. The WR=1 can operate
to 2:375 feet; and saneuver on the seabed while
searching for and recovering bottomed objeots.
Maneuverability is provided by ducted thrustera ==
two forward and two aft.

o R Navy release, January 29. 1986, told
of the U.3. Navy and French Ressarch Institute Forp
Exploitation of the 3ea signing & French-American
Hemorandum of Understanding providing for the
mutual rescue of deep submersibles. Coverad by
thia egreement are the U.5. SER CLIFF and the
Frenoch NAUTILE:; the world's two deepeat diviog
submarines. Both wehieleas can operate at depths
of 20,000 feet. The agreement states that should
either submarine become disabled and cannot
surface, 1its counterpart will be sent to retrieve
thea arippled sub from the bottom.

o An article by Eric Hargolis in the Hall
Street Jourpal, February 21, 1986, tells of
stepped-up Soviet efforts bo utilize the polar ice
cap a4s a means to move their SSBENa to firing
positions off northern Canada as well as to
provide a covert route for attack submarinea down
to tha sea lanes of tha North Atlantie —- eluding
the Norwegian Sea S0SUS System and bypassing the
01=0E gap. In the first instanes, the SSEN san
breach the ice and fire their missiles south on a
flat trajectory that allows the U.5. only a few
minutes warning -- rather than the 30 minutes upon
which a 0.3, nuolear pretaliatory atrategy i1s
based, In the second instance, Soviet sttack
submarines can sall due north out of Kola Oulf,
eross under the polar ice cap to the vieinity of
Ellesmere Island, then thread their way through
Jones or Lancaster Sound and inte Baffin Bay.
Continuing south through Davis Strait, they can
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arpive 1in the Nerth Atlantic astride the main
oconvoy route to Britain. The back door i3 now
evidently wide open to the Soviet submarinesa. Ir
war broke out Lomorrow: many Soviet suba oould
appear without any warning =slong NATO'a most
impoprtant supply artary.

The last report on Government Affairs dealt
with the Navy's 1986 research and development
programs for subsarines. As the 1987 budget
starts through the legialative process, ths RED
programs resain essentlially unchanged but Gthe
foous 1s belng ochanged, particwlarly for Gtha
recepntly [ormed Space and Maval Warfare Systems
Commend. This Command's procurement functions
have been transferred to the Air and Sea Systeas
Commands of the Mavy. In addition, OP-038's R&D

functions -- with WVADM Al Baciooco's title
lengthened to Director Research,; Development and
Acquisition - pow olearly include tha Jjob of

panaging the tranaition of tachnology from basiao
reasarch to operational development. This also
emsphasizes the importance of thoroughly teating
the applicability of technology to praoctigal
problems before starting programs for apecific
applications. Tha two main themea of changed
foous and proof of concept thus characterize the
approach to submarine RED, today.

The changea at the Space and Naval Warfare
Systema Command indicate that the objective is
afficiency and improved span of control.
Tranaferring hardware procurement funcotions to
Naval Air and Naval Sea Systems Commands was aimed
at freelng the Space Command to concentrate on
space warfare aystems' relaticonahips end systems
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engineering. Consistent with this, the Space
Command took owver the Director of Haval
Laboratories' job and the eight in-house Havy RED
centera (laba). In addition, responsibility was
assumed for the Havy work &t four university
laboratories; at Penn State, the University of
Texas, Johns Hopkins and the University of
Washington,

The proof of oonoept approach is  well
axemplified by the program titled "Submarins Hull
Array Development (Advanced).™ In the January
REVIEW, it was noted that 313.2 million had been
requasted for FY 86 -- for this element -- while
the House/Senate Joint committee seitled on =&
figure of $8.2 million. Today the Navy's FY 87
request is for about B million dollars. Thia hull
grray elepent is just one building block in the
continuing development of submarine sensors, Thia
process has resulted in trial of & Wide Aperturs
Array now undergoing tests in the USS ADGUSTA (SSNH
T10), Tha Array resembles the PUFFS array that
was dnstalled and tested in USS BARB (2SN 596)
during the 1960"a.

Tha Wide Aperture Array has three arrayas
mounted on each side of the submarine; at the bow,
midships and at the stern: comprising a precise
base line. Its functions are meinly For target
logalization -- not  pecessarily for target
dateation., (There is no single sensor that can do
the whole job from long range detection through
looalization, to approach and attaock,)

This method of proving concept and testing it
before embarking on 2 formal development program
is being carried ocut within the focused ayatem of
the 3E5N-21 and in consonance with many of the 35K-
21's efforts.

Another example of a succeasful system
progreassien through the RAD process can be found
in the development of the Submarine ASW Standofl
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Weapon --= SEA LANCE. The concept waa forsulated
in the late 1970=2. Work on it was fully funded in
the 1986 R&D budget at sbout #75 million. For FY
1987, the request ia $118.4 million. But by this
time; the program has entered the next phass of
the development cycle. In the 1986 budget, the
program was titled generically end was in the 6.3
category of Advanced Development. But in 1987 it
became a apecific program, SEAR LANCE; and waa put
in the 6.9 ocategory of funding =-- Engineering
Development. It was this weapon ayatem which the
Senate Aroed Services Committee queationed as to
the Navy's ocommltment. The Secretary of the Navy
then provided a written commitment to fund the
program a0 as to achieve the structured date for
initial operational capability.

The two exasples cited above are easily
identifiable as submarine development projecta.
They are not however Gtotally submarines-unique
since they benefit from other RED efforts and have
been developed with other programs in mind. Tha
¥Wide Aperture Array has bepefited from general
advances in acoustic proceassing. The ASW Standoff
¥Weapon. on the other hand; has been designed so it
can be used by other platforms and egainst other
targets.

Making inoreased  wuse of cross-progras
technological inforpation to enhance both the
effeotiveness and efficiency of the Navy RED
process 1s obviocusly an immediate intent of the
recent reorganization moves. Rear Ademiral Chuck
Brickell, the Director of Undersea & Strategic
Werfare & MNuclear Energy Development (0OP-981)
recently deseribed the main advantages of thia
technology approach as "getting more out of tha
basic physica by being able to dig deeper”™ and
Pachieving syoergism by integrating scross the
spectrum of Navy peeds."™ Thus, mpot all RED done
for submarine applications will be as easily
identifiable as the Wide Aperture Array and the
Standoff Weapon. The job ia to match the atated
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needs of the operational commanders with available
technology and then initiate a aystesatic proceas
for progrem development,

In the development of computers ror future
subparine needs; this technique is used as well aa
the bullding-block epproach For bullding a aystem
by 4initial concentration on components -—-= then
hooking them together to perform a given functien,
Submarine sensor systems are using standard Navy
compputera as signal proceasors, Though ‘the
present computers are pot submarine-unique, there
ia a design affort in those being developed toward
meating specific submarine mission requirements.
Such copputers will be expected to be fully
gompatible with submarine systems, i.e. the inter-
faces will mateh those of the submarine fire
ecoptrol system epd there will be Tlexibility for
expanding submarine needs. FRear Admiral Brickell
used the example of building & beap-Torming
network from arithmetic processors —— the bean-
former being one step in the target information
path From hydrophone through asignal conditiooer to
the display and end use, The arithpetic
proceasors that form the petwork ars therefore a
eritical developmont item and the introduction of
VYery High Speed Integrated Circuitas intoc thoae
arithmetic processors is an important development
== inoreasing the cosputational power and
significantly reducing the aize of computer unita,
But as they are introduoed as proceasora im the
beam={orming networka, the basic computer system
does not bhave to be changed to accommodate this
feature.

In general, the oomputera that ara being
deaigned as the braina of HNavy aystems will
provide for flexibility, ohanged functiona, and
growth in aystem requirempents through the
utilization of new software rether than through
hardware replacement.
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Perhapa of greater immediate ipterest are
several large programs Gthat are specifically
related to submarines. These prograss are all in
the 6.4 funding category of Engineering
Development. The [Following Gtable lists the
program elements and gives the request for funding
over three fiscal Yyears; the current, the
requested budget year and the naxt follow-on year.

(in millions of dollara)

Itenm FY B6 FY 87 FY B8
SEA LANCE 118.4 130.9
Sub Sonar Devel. 38.9 52.7 4y, 7
Sub Combat Sys. 1949.5 316.6 2772
Sub Tactiosal War-

fare Systenm 38.5 uT.1 §1.2
55N-21 Devel. 256.6 224.9

These five submarine enginearing developmant
programs  acocount for aseven percent of the Etotal
Havy RAD request for FY 1987 (#$10.58 Billion).

It should be poted that the FY 87 budget
request conptains a2 subatantial line item for SSN-
21 development. This is & direct reflection of
the focus earlier noted. It is further undersatood
that the FY 88 Navy R&D budget request will atart
a new line for continuing generic submarine
rasearch and development.

CAPT Jim Hay, USM(Ret.)
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EOOE BEVIEWS

DU BOATS AGAINST CANADA:

GERHAN SUBMARINES IN CANADIAN WATERS
Hichael L. Hadley. EKingston and Montreal: MoGill-
Queens Univeraity Fresa, 1985. 345 pp., notea,
index.

War in the North Atlantic in a German U=boat
iz pot for tha weak or timid. Hor iz war in a
small aptisubmarine ship Tighting both the sea and
the enemy below. Far too 1ittle 13 known ebout
the Canadian inshore defense against submarines in
the approaches to Halifax; deep in the Bay of
Fundys or in the 3t. Lawrence Rivers where
submarine penetration reached to within 172 miles
of CQuesbec. For the armchair warrior; Captain
Michael Hadley, RCN (Reserve), providea ample
material for & asaga of herolam and self-
sacrifice, of terror, repugnance, and delight.

When World War II opened in September 1939,
Canada had two destroyers in Halifax to cope with
Germany; four in Esguimalt to deal with Japan.
Hone had asdic or radar. The Canadiana,
nevertheless, carried a major burden of the war;
puch unappreciated by her powerful neighbor to the
south, In the Battle of the Atlantic; the
Canadian Navy provided 48% of the convoy escorts
batween Horth Americe end Europe; swept mines,
supported the Afrioma and HNormandy landingss
patrolled the Hediterranean and Caribbean; and
aided the 0.5. in escort duties between New TYork
and Cuba.,

For the enemys Gthe war meant unspeakable
hardshipas and Ainfrequently, OGerman Iineptness.
Putting intelligence agents ashore in Canada was
comic oOpera. Agent Lengbein was landed near SE,
John, New Brunswick on 18 April, 1942 with a
cumbersome radio transmitter, 47,000 in large,
old-fashionad American dollara and a few 42
Canadian billa. The money, long withdrawn [rom
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circulation, goeld be negotiated mainly in
bordelloa. When funda ran out, he gave himaslfl up
to Navel Intelligence. Agont Janowski, landed on
the Gaspe Peninsula on 10 November, 1942, made
himself Jimmediately prominent through the smms
outdated ourrenoy, his carelesspess with Belgian
matches and cigarettes: bis clalm to have arrived
on & nop-existent bus; end his distinct body odor
after 44 days submerged -- well known to diessl
submariners worldwide. Taken into custody the day
he landed, he was immediately turned into = doublas
agent via hia radio contact in Hamburg.

If their buman operatives falled, the Germans
bhad more luck with their technolegical "agents.™
Fourteen unmanned weatber statlons were planted in
Arctie &and subarctic regions. 0f two others
planned for Cansdian wilderpess areas, one was
lost enroute when 0-B80T was sunk off Bargen,
Horway; the other; in northern Labrador: wes not
discovered until July, 1981, Canadian stations
failed to detect the ocutgoing aignals:, but on a
oupber of occocasions, astrangely, they were subject
to intepse jamming by a German atation.

Tha story of subsarine and antisubmarinea
warfare on both sides is ooe of inoredible courage
and few rewards. The Atlantie, 1ts fog and
violept seas, freezing rain and ice, made for
unspeakable hardship. Sharp temperature gradients
and saline layers, strong currents and drregular
seabeds, pade conditiens for detection of
submarines the worst posaible. It is & great
tribute to the allied effort that of 30,000 ships
convoyed from 1942 to 19485, leas than 1% were
sunk . Apd & tribute must go also to the
persistence of the U-boat servicea whan losses
passed the merely prohibitiva. The U.5.
submariner suffared the higheat mortality of any
servies branch, with 20% casualties, 3500 men in
§2 submarines lost. But in thes O-boats, 20%
survived =-- T18 submarines were lost with 29,000
killed and 5,000 taken prisoper of a total force
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of 39,000 engaged. Late in the war the life of &
U=boat averaged only 50 daya.

D-Boata Agaipnat Capada offers a dramatis
account of men abt war, Unfortunataly, the
author's atyle doea not make for easy reading.
Huch of the information must be mined from the
text; where it 1a all but loat in exceasive detaill
and hephazard organization. The reader learns
much of submparine and antisubmparipe tactics but
not without considerable effort in plecing the
story together. Captain Hadley made a painataking
search of war patrola, agtion reporta and
newspapar Borgues, S0, the analyst will fare
better than the cesual reader.

P. R. Schratz

Beprinted from 0.5. Havel Institute Proceedinga:
HMarch, 1986, with permission.

ELECTRONIC WARPARE

By MHario de Arcangelis, Blanderd FPress,
Foole-Dorset 1985. Distributed 4in the OUnited
Statea by Sterliog Publishing Co; Inc.: 2 Park
Avenue, New York, NY 10016.

Rear Admiral de Arcangelis; Italian HNavy
(Ret.) has produced an important and useful book,
particularly for the active-duty military men. By
trecing the hiatory of electronie warfare (EW)
from its origins te the present; he has provided a
base of historical experiepce from which cmn be
derived perspectives and socund rules for the
development of EW Gtechnologlea and for thelr
eventual use ipn peace and in confliet,

Tha fdmiral desonstrates an excellent

capabllity to sift ocut the facta from a walter of
guesses by the media and then produce a good
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coherent story -- one which is sufficiently
credible to provide an appreciation of the Aimpact
of eledtronic warfare on conflict situations of
the past, Some errors appear, but they are not
overly isportant to the EW lessons learned from
his aceounts. For example: the author states that
"igparican subs in WW II bhad to surface in order to
plck up radar signals.® Op, Gersan subs attacked
convoys on the surface becavse of thelr lear of
ASDIC detection by the allies.

ARlthough submarine cperations, compared Gto
other naval ections, gppear to be leaat
susceptible to enemy EW efforts and subpariners
seemingly have less opportunity to determine the
outcome of naval epgagements by using EW: there
are important lessons in this book which should be
appreciated for what they can offer to competent
submarining -- today.

The earlieat example of electronic warfars,
as reteld by the author, deals with the EW
decisicna made by Admiral Rozheatvensky 4n the
Fussian-Japansse War. Bis decisions demonstrate
how & comsander who is not well versed in the
teshnology and tacticas of EW can uowittingly ceuse
che defeat of his command. The Russian Admiral,
whan eptering the Strait of KEorea; had hia [{leet
maintain raedic silence so thet his aships could
covertly slip by Togo's fleet and get to
¥liadivosok for voyage repairs -- after an 18,000
mile wvoyage from the Baltic. With wvery low
visibility: as his [leet closed Tsushimas Ialand,
his chances for avolding a major fleet engagement
with the Japanese appeared good. But his shipa
were sighted by 2 single Japanese crulser; which
tried lengthily to get a contact report to Topo's
headquarters. Hadio ranges in 1905 were very
short, moat naval transmitters were of low power,
2 technique for jamming radio signals bhad Jjust
been discovered and direction fimding was still
undeveloped. NHevertheless, Admiral Rozheatventaky
turned down urgent requesta from assveral of his
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unita to Jam the weak enemy radic broadcasts.
Eventually, Togo was apprised of the location of
the Russian fleet. He then sortied hia fleet and
destroyed the Russian warships == Wwinning one of
the most decizive naval victories of hiatory.

The "Channel Dash™ of the Cerman battleshipa
SCHARNHORST and GNIESENAU; in another chapter,
deacribes a well plapned massive wuse of EN
measures for a short period of time -~ sufficient
for the battleshipa Lo reach their deatination in
Germany. To sortie from Brest and get
asuccesafully past the solid network of radars in
eastern England was viewed by the British as an
impoasible task. But the Gersans had becomo
skillad in electronic warfare using ELINT,
ruindow® (chaff), high power jamming adapted for
frequency shifting by the British, and other
innovative measures. What this incident suggests
to the American submariner i1s the similarity
batween this "Channel Dash®™ and a Soviet PFirat
Balvo™ strategy for the ipitiation of a general
war at sea. What might our submariners expeat? A
short term flooding of the occeans arcund battle
groups with "noise®™ and false targets. A jamming
of antive sonar transmissions whearevar possible?
A rapid destructicon of communication satellitea?
An all-out jamming of VLF tranamissions? Radio
deceptions to cause our submarines to initiaste
broadeasts of inforsation? Deception to cause our
subparines to act overtly and give away their
location? The obvious leason in this chapter 1ia
that the effect of EWN in battle cannot be
undereatimated and that effective countermeasures
must be preplanned and mustered so that presponse
is not paralyzed in the opening moments of a naval
operation.

The U=boat battles in the Atlantic detailed
in another chapter, pointed up the Ffallure of a
German strategy which directed Germpan submarine
pperations from & far resoved; land-based command
center. This required long seasages which could
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be DPFd by the allies with thelir loop direction-
findera == sufficlently locating the Gerpan
subparines a3 to make thea fall prey to a
concentrated allied AW effort. Squirk
tranamissions late in the war only provided a
ghort resplite for the U-boata; a3 Ethe DFing
stations quickly learned how to make a quick "fix"®
and expand the compressed mesaages for their rapld
decryption.

The lesson of both minimizing the length and
the overtpeas of submparine communications as a
principle of sound submarining may be overly
epphasized today -- a3 it wvirtually denies
coordinated cperations with other forces,
Coppromise:; such as waas demonstrated by underwater
commsunication between submarines in WW II, atill
aeema to apply for jolnt or combined operations
today, despite the added rilsk imposed.
Significantly, the present Soviet atrategy for
employpent of their submarines by resocte command
and control, seemsa to offer a wvaluable U3 EW
epportunity to capitalize on what could be == gt
least it waa to the Germans in WW II == a eritical
weakness,

In the 1973 Yom Kippur War, the author
suggeskts that the Israelis, overconfident because
of their highly successful past uses of electronic
warfare,; falled to properly eatimate thelr enemy'as
EW capabilities. The total surprise gained by the
Araba in their attack on 6 October was near fatal
to Israel. Tha npeed to properly and
comprehensivaly understand enemy EW measures whioh
can affect submarine operationa and the
requirement to evaluate the posaible technological
innovationa which might be brought into play are
evident from the accounts of BW in the Arab-
Iaraell Wars, What is more, it is shown that
technological innovation "no matter how marginal®
is effective in its initial uasa,
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The author's account of the Arab-Israeli
mizsile-boat battles in the 1973 Yoa Kippur War,
tells & good story of Israell EW countermeasuring
actions against incoming Arab Styx misailes —
PHone of the 52 Styx misailes launched against
Israeli wnits hit their target." The subssguent
Israeli hitting success with their shorter range
Gabriel missiles also ahowed a good grasp of EW.

The Iaraeli's version of first: Tthe battle
agaipnst 3Syrian boats, and then 2 days later
egainst Egyptian boats wes to the effect that they
First pasalvely detected the Arab boata' search
radars then when the Araba' firing signals were
intercepted, Gthe Israelis knew the Styx misailes
ware on the way and the Israelil boats were able to
mativate their ECHM aystems and oonfirm the
direction of missile attack by passively tracking
the Styx's homing radars -- and decoying away the
attacking misailes. Then by closing at high
spead, the Israelis were finally able to pick up
the Arab boats on thelr radara and accurately
launch thelr Gabriel missiles. The Arab boats,
with inadequate ECH aystems could not respond with
the same level of missile countermeasuring action
== Wwith ratal resulta. What is indicated for
submarines using antiahip misailea, 1like HARPOON
or TOHMAHAWK; 1s the need to be covert in firing
such weapons 80 as to maximize surprise in the
misaile attack and thus minimdize the effectivensss
of eneay ECH measures.

The author mentions the extensive electronic
intelligence gathering effort of the Sovieta at
sea, wuaing their large Tleet of ELINT shipa -=
ever-present at 0.5, fleet exerciaea;, wherever.
Many submarine emisasions are thus likely tc be
monitored by the Soviets. Even in peacetime it
miaat be recognized that the Soviets are waging a
form of alectronic warfare.

A chapter on "Infrared™ alerts the submariner
te the incressing uwse of pasaive infrared
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detection aystems. For the detection of
aubmarines cloze to the surface? For detection of
the waeke of thermal torpedoes? For the uss of
periscopes at night? Definitely. Ete.

The [inal chapter on FElectronic Warfare in
Space,™ 1in addition to delineating Soviet effortas
to develop an anti-satellite kill capabilitys
tells of the efforts to develop high energy lazeras
and charged particle beam weapons =- probably to
destroy an enemy's muclear warhead ballistiec
missiles in Flight; as well as U.5. satellites.
That the author says thare have been & experimenta
involving the propagation of particle beams f[rom
the Soviet manned space station SOYUZI, amd that
there is additional evidence that an attack on a
0.5. target satellite using a high energy laser
was m@made from SOYUZ. The 0.5. realized, the
suthor states, "that they are 10 years behind tha
RFussians in the field of killer satellites."™ Thi=
is certeinly socbering evidence that the Soviets
oppose Fresident Fesgan's SDI  program:, prisarily
because Ethey don't want the U.5. to eloze their
present lead. In this light: submarines offer a
means [or "strategic defenss™ against an enemy's
submarine launched ballistic misaile threat by
developing the means to neutralize SLEMs before or
while in their boost phase -~ in inner apace.

Clearly, potential presant submarine
copsandera, thosa developing new  submarine
technologles, and elactronic warfare specialists,
would be well advised to keep this book close at
hand as & reminder that, in the words of Admiral
Arcangelis, FElectroniec Warfara is an
irreplacesble instrument of succesa both in
offensive end defenaive operations.®

HiJIHI

[Ed. Note: Copments submitted on this Book Review
aré included herewith:

"Perhaps the reason why submariners have less
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opportunity to use EW measures is due te 1ittle
present effort to coordinate submarine tactics
with other friendly forces at sea.

"The reviewer's discussion of minimizing
pessage lepngth eand maximizing covertneas of
compunications makes two pointa: {1} The D.5.
Havy's epphasis on reduced submarine ceomounice-
tions may have caused it to give up too uch in
the way of coordination of aubmarine operationa
with those of other friendly forces., It should be
added that if and when our navy decides to enhance
eoordination of the operations of aircraft, ships
and submarines, Gthen attention will have to be
paid to EW; (2) Submarines wused underwater
comsunications during WW II. During WW II, the
0.5, HNavy also developed wolfpeck tactics for two
and three-submarine wolflpacks. In the 1950's, such
wolfpacks, operating submerged, conducted many
exercise attacks against friendly carrier task
Eroups. This involved acoustie and radio
comsunications by theses submarines and provided
some opportunity for prosub activity.

"The last paragraph closes with the enjoinder
that people who design and operate submarines and
those who plan submarine operationa should keep EW
in mind. To this I add a hearty, "Amen,® and the
hope that perhaps even more emphasis on the
submaripe aspect of EW in this Book Review might
help make this point."]

Vito Vituecei
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MEMBERSHIP STATUS

Current - Last REVIEW - Year ago

Active Duty 658 606 385

Others 1387 1866 1482

Life 60 57 iz

Total 2735 2560 1985

Hon-Renewal Total -- 346

HAVE YOU GOTTEN 2 NEW MEMBERS FOR 19867

- eS8
e e E R R e E e

® " B BB ERETRERRADENERERENADN

Cirgulaticon of this is=zue excesds 4,700

Dear members,

We were distressed to discover that many of
the issues of the January 86 REVIEW were defective,
Our pripter has very kindly agreed to replace the
defective coples, If you were one of the
unfortunzte mesbers to recleve & copy with missing
pages or pages out of sequence, plesse let =me
know,; and I will send you & replacesent zlong with
a most sincere apology!

Sinceraly,

Crz+

Pat Lewia
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SUDHARINE PROTOCHRAPHS

The Raval Submarine Lesgue has obtained
some very good colored plotures of nuolear
subsarices asuitable for frasing. They range in
size from 8§ 1/2 x 11, 11 x 14, and
Thesa photographs are avallable rree to  NSL
meopbers. The primary intent of this program is to
Judiciousaly distribute the photographs to
locations where they will have a reasonably large
Viewing or to give them to individuals or
organizations in return for their expresaiona of
support:. The photograph supply is limited but
their effective use and distribution is part of
the misalon of the NWSL. Additional supplies will
be obtained Iir & poaitive Feedback ia received.
Contact Pat Lewis with your orders.

P.0. Box 1146, Annandale, VA 22003. Or eall
(703) 256-0891,

IN REMEMBRANCE

VADM WILLIAM W. BEHRENS, JR., USH(RET.)
CAPT BERNARD P. WILLIAMS, JR., USH(RET,)
CAPT ARNOLD H, MEDBURY, USH(RET.)
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NAVAL SUBHMARINE LEAGUE
HONOR ROLL

ADVANCED TECHMOLOGY

ALLIED BENDIX AEROSPACE OCEANICS DIVISION
ALLIED CORPORATION, BENDIX ELECTRODYNAMICE
AMERICAN SYSTEMS CORPORATION

ANALYSIS & TECHHOLOGY, INC.

ARCOSYSTEME, IKC.

BABCOCKE AND WILCOX COMPANY

BATTELLE HMEMORIAL INSTITUTE

BEM CORPORATION

BIRD-JOHNSON COMPANY

BOEING AEROSPACE COMPANY

BOOZ-ALLEN & HAMILTON, INC.

DATA DESIGN LABORATORIES, OMNI ENGINEERING
DATATAFE. INC.

DEFENSE RESEARCH CORPORATION

EDD CORFORATION

EGEG WASHINOTON AMALYTICAL SERVICES CENTER INC.
ELECTRIC BOAT DIVISION OF GENERAL DYNAMICS
ELIZABETH 5. HOOPER FOUMDATION

ESSEX CORPORATION

FHMC CORPORATION

GENERAL DYMAMICS CORPORATION

GENERAL ELECTRIC AEROSPACE MARKETING
GENERAL ELECTRIC MARIME & DEFENSE FSO
GENERAL PHYSICS CORPORATION

GLOBAL ASSOCIATES, LTD.

GNE INCORFORATED, INDUSTRIAL BATTERY DIVISION
GOODYEAR AEROSPACE CORPORATION

GOULD INC., OCEAN SYSTEMS DIVISIOH

GTE GOVERMMENT SYSTEMS CORPORATION
HAZELTINE CORPORATIOH

HUGHES AIRCRAFT COMPANY

HAZELTINE CORPORATION

IEM CORPORATION

IN MEMORY OF RADM JAMES R. LEWIS

JAYCOR

FAMAN AEROSFACE CORFORATION

KOLLMORGEN CORPORATION ELECTRO-OPTICAL DIVISION
LOCEHEED CORPORATION
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HATIONAL FORGE COMPANY

NEWFPORT NEWS SHIFEUILDING

NORTHROF CORPORATION

KRORTHROF SERVICES, INC.

ORI, INC.

PACIFIC FLEET SUBMARINE MEMORIAL ASSOCIATION
PRESEARCH INCORPORATED

PURVIS SYSTEMS INCORPORATED

RAYTHEON COMPANY SUBMARINE SIONAL DIVISION

RCA CORPORATION, MISSILE & SOURFACE RADAR DIVISION
ROCKWELL INTERNATIONAL CORPORATION

SAIC

SANDERS ASSOCIATES

SCIENTIFIC ATLANTA INC. COVERNMENT PRODUCTS DIV.
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