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FROM THE PRESIDENT

Based on last year's initial success, the
League will jointly sponsor with The Johna Hopkins
University/Applied Fhysics Laboratory a second
classified Submarine Technology Symposiums Eto be
held in late May. 19689, at the Laboratory. VADH
(Fet.) Bud Kauderer will again chair the event.
The theme for this Sympoaium will be "The Techno-
logies teo Support the Hew and Expanded Submarine
Roles and Miasions.®™ The CHO, Admiral Carl Troat,
has accepted our invitation to be the Syopoaium
Banquet speaker. Details on the Symposium may be
found in an article in this REVIEW. We look
forward to another succeaal

I believe that from most any aspect, we all
feal a real sense of pride when ome reflects on
how far the NSL has cose since 30 Jume 1982, Our
early growth rate was excellent and one that we
eould adeinistratively handle with persopalized
treetment. Likewlse our sccomplishments have been
significant and a short list will be repeated here
for those unable to attend cur anpual business
meatings:

Conduct Annual Business Meeting and Sympoaium
Sponsor Annuel Corporate Benefactor Meeting
Sponsor Subparine Technology Forum
Publish THE SUBMARINE REVIEW professional
magazine
Publiash NSL FACT BOOE and DIRECTORY
Distribute Speakers Package "Submarine Navy"
{Loan program)

o Diatribute submarine oriented 16mm films and
VHS tapes {Loan program)
Distribute VHAS filmas to Chaptera

_ {Loan program)
Distribute aubmarine oriented photographa
Sponsor production of Submarine Docusentary
Eponsor MEL Literary Award Program
Eponsor Copplimentary NSL Membership Program
Sponsor H3L ad hoc studies

a = 0 =] = 0 = = = ]
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o Distribute THE SUBMARINE REVIEW to shipa and
atations

o Present one year complimentary membership to
each Sub School graduate and S0AC graduate

o Distribute THE SUBMARIME REVIEW to USNA and
HROTC units

o Ona year sooplimentary membershipa to new
Dolphina, EDO, MC and Supply

o Authors stipend increased to $200.00

o Support DASD Visit Program

© Support Subparine Guest of the Navy Ship
Viaits

o Distribute Information to Corporate
Benefactors

o Support Submarine School SOAC/SOBC graduation
careponies

o Conduckt HSL Fleat Awards Frogram

o Provide NROTC Outstanding Achievement Awards

Well then, one might say: "Where's the beefl?"
In a2 nut shell we have a vexing problem and the
problem can ba simply stated that the NSL has only
had a net gain of just over 200 members cver Gthe
past twelve months,
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Studies oconducted by the N3L Directora
indicate that a controlled positive growth is very
desirable to fulfill the various missions of our
organization. Thisa number has averaged 500 new
pesbera net per year. It would be folly to expect
us to achieve that number indefinitely but a drop
of 703 is worthy of discussion in this forum.

One aska, "What are the reasons for this
drop-off?® Parhaps it is the seven year itch -=
perhaps complacency —— thinga have gone so greats
we individually alacked off on our goal Gto
acquaint people with our organization and its
purpoae. Do you atill carry a apare NSL registra-
tion form in your briefcase or teck an NSL
brochure on the company bulletin board? Probably
noty, and I'm just as guilty aa moat.

S0 what do we do? For starters we need to
follow Admiral Long's cbasrvation that our beat
recrulting tool 13 not advertiaing or big
promotions, but the day to day intereat and
golicitation efforts by our own members. I don't



believe we hava reached the knee of the pembarship
growth curve yet, 8o it's up to each one of us to
get our second wind and rejuvenate our membership
growth momentum, OGabt a féw spare brochures {rom
Pat Lewls and sincerely try to get several new
mesbers. Call our new N3L Membership Chairman,
Dave MaoClary, at (703) 637-4595, and unload your
idess on him. He needs your thoughta and help.
Finally, if you're going to even a small submarine
associsted meeting, get a few apare registration
forms and make them available. Many of our new
menbers still relate that they have just heard of
the Laague and a surprisingly large nusber found
us by seeing a reference to the NSL in tha written
preas,

Let's turn this around by our Iindividual
efforta. I'll give you a status report next year
on the results of this appeal. LET'S GO TEAMIID

Finallys I wish you all a very prosperocus New
Tear. Without a doubt; this is the greatest
country in the world. There are lotas of coaplex
foreea a2t large that are working againat us., But
by wunity, dindividual efforts and concern we can
keep the USA as a model of freedom and 1iberty.
The N3L ia dedicated to this cause, I ask in this
Wew Year, your ascber reflecticn and personal
rededication to this wonderful country of ours.

Submarine warfare today ias vaatly different
from the conventional submarine cperations of WHWI
and II.

Present submsarine technology, converailon to
nuclear power, the advances 4in environsental
control (fresh air to breatha), and supporting
activities {(including misaile development), which



extend to the ocuter reaches of apace have all
contributed to radical improvements in efficlency
end capability.

Such advances and changes which have been
introduced iIn the past [ew years certainly
call for a review of the role of the submerine in

sea power.

Cur strategy planners are confronted with
probless 350 diverse that the submarine has bean
taken for granted -- 1.8,, 1t must be a better
ship than its counterpart in the Soviet Havy. S0
long as our planners and politicians balieve that
we do have better submarines, their attention ia
dirscted to other needs and applications of =sea
power,

From recent press reports summarizing a
Russian appreisal of ses power, epntitled "The
Havy: Its BRole, Prospects Ffor Development and
Employment:"™ the Soviet Unlon intends to continue
emphasis on its submarine forces. They heve set
goals for the future with regard to speed, depth,
and futuristic weapons that appear somewhat
unattainable in the pear future, but the fact
remains that they are pursuing new ideas,

Our Naval forces muat be prepared to reapond
to a wide variety of oriaisa aituations. Recent
examples come readily to mind: The Cuban Missile
oriais, the Peraian Gulf Aintervention, the
Falkland Islands War. Theay not only place a
burden and strain on internpational relations, but
they have parplexed the planpners with & confused
pattern of ship design and what used to be called
gunboat diplomacy, & show of foroe, and task force
coaposition, Ship design and technoleogy -- Lo
inolude paval aviatlon -- have advanced so rapidly
in the past lew years; it is obvious that ses
pover strategy must be continucusly reviewed and
revised,



Some examples from the history of sea warfare
provide a perapective for present problems of
strategy planning.

The Battle of Mavarino, October 26, 1827, was
the last fleet setion wholly under sail. It was
probably the mpost chaotic naval engagesent of
major forces in "recent" history. HNaval forces of
England, France and Russia engaged Ehe naval
forces of Turkey and Egypt. The political
justification was to defend Greeca's independenca.
The allied forces were considerably outnusbered
but destroyed the Turk/Egyptian forces. The Turka
had only 3 "Pline-of-battle® ships but a total of
1962 guns against 1294 allied guns.

Visibility was 50 bad from sooke and bhaze,
that recognition of f[riend or foe wes almost
impossible. Communicationa were primitive or none
at all.

The wind dropped to near zero and the ships
== gll under sail -- could not mansuver -- whether
to join in combat or to escape.

It waa & olaasic axample of the npead to
provide ships with "sea power," (i.e.}, propulaion
oot dependent on the vagaries of the elamenta.
The clasaiec ship of the line evolved over the
yEars. Sails gave way to steam turbimes. Ships
became truly mobile. And today the submarine ia
tha moat mobile of all ships —— and its mobility
is least affected by weathar,

The Battle of Tsou-gshima (1905) between the
naval forces of PFussia and Japan desmonstrataed
the wvalue of communications, surveillance, and
intelligence.

The Paris magazine Le Monde, published the
sea routs of the Russian force in advance. The
Jap ships hed radics and meintained almost



continuvous data on the location of their enpemy.
There was no eleasent of surprise,

Until WWII lack of knowledge of the location
of ships -- the sovement of naval task forcea -—
played havoc with opposing forces, Witness the
surprise attack on Pearl Harbor.

Ontil that memorable day, hardly anyone would
dispute that mighty surface ships would ensurs
mastery of the seas, Battleshipa with heavy armor
ware the centerpiece of fleet operations, But asa
war at sea evolved, the Battle of Hidway
established the pre-eminence of the carrier.

Qur 0.5, present-day strategy now dictates a
battleship- carrier task group with the ships-of-
the=1line protected by "anti"™ unita: anti missile,
anti submarine, anti aireraft, anti mine, and
perhaps antl satellite capability and a capability
for electronie warfare.

Alfred Thayer Mahan wrote authoritatively of
the wvalus of Sea power. His books stresssd that
lesaons of history were not changed by replacing
sails by steam power. Yot thers have bean
decisive examples of armadas and [lests severely
damaged by the ravages of storms which were not
foreseen, Waathar can still be & Factor; but it
is prediotablse.

Impressive as the battleship-carrier task
Eroup appeara, wWe need to appreciate that surface
shipa can no longer remain invisible. Satellites
Elve wuws @sccurate information on  weather,
navigation and precise location and movemant of
unita,

Advances in technology have imposed new
hazards to surface ahipa-of-the-=line and have
raised embarrassing questions relative to U.5.
strategy planning.



Sea power i3 not confined to the =sess, The
dimepsions of apace must now be added. The
copbination of missiles and both land-based and
sea-based, air, nuclear powered submarines,
satellite-surveillance, eleaotronio=-warfare, and
sophisticated "spart™ weapons has inevitably lead
cne to the conclusion that control of the seas can
not be achieved by merely adding more ahipas. To
try to do so puts tec heavy a strain en neticnal
defenas budgets.

Submarine planners will not argue againat the
unique ocharacteristica of tha submarine, but
strategy plannera, at least in the U.5., have
seamingly limited the role of the submarine to (A)
Deterrenge by means of strategic ballistie or
cruise missile carrying submarinea, and (B) to
Anti Submarine Marfare using mainly S5SNs.

The mobilitys @ostealth and Fire power of the
submarine, even the diesel-electric aubmarine,
deserves far more attention by strategy planners.

Other countries with far lesa experience in
submarine warfare are experipenting with midget
auba; non nuelear propulsion, minings rebotss: the
deatruction of shore facilitiea, arctic opera-
tiona, and the HRussians, with pany nuelear
submarinea atill foreaese & role for the conven-
tional subparine, What are they planning by
sanding conventional suba into the well defended
fjords of Sweden?

If the naviaa of Ehe world have even a hand-
ful of disoiplined, well trained submarinea, there
ia a diminishing future for carriers and other
high wvalue warahips. The subzarine has attained
the atatus of capital ship on an agual footing
wilth the high vimibdlity large surface ships which
have no place to hide.

Admiral Lockwood assembled a amall group of
experienced commanding officers immediately after



WWII and posed the question "What improvements do
you want in the next generation of suba?"®

Tha impossible "ple in the sky™ desires of
tha WWII submarine skippers included a full-time
propulaion plant not dependent on the diesal
engine; environmental control of the atooaphere to
praclude the need to ventilate; a misalle capabil=
ity =- a long=range stand-off weapon; = betier
torpedo =— "smart™; & long range sopar; and highly
acourate navigation.

It appeared in 1985 to be an exerciae in
futility, but when the nuclear submarine NAUTILUS
sent ber message "underway on nuclear power® in
1955 moat of these werse approaching reality -- and
the ALBACORE aingle screw torpede-like hull
allowed SKIPJACK and the follow-on S5N's to dive
despar and go faster than any other submarina at
that time, Later in 1960 the puclear powered
POLARIS  misaile- submarine GEORGE WASHINGTON
salled on har firat patrol. Both were the
pathfinders for a new revolutionary submarine
capability in the world's navies.

Othar nations obviously have differing views
of the role of the Navy in interpational affairs
and due to Fiscal restraint cannot maintain high
visibility forces. HMany have relied on tha 0.3,
umbrella. In turn, others arse axamining the
potential of small ahipa, with considerable atten=
tion to asubmarines, They may not be highly
visible; buat they can be Formidable and strategy
planners must take this into account.

Strategy planners, War Collegesa, and Subma-
rina Schools as well as submarine staffs should
eatablish units to develop the impoaaible,

Arnie Schade




Can the OCHID-class 53BN, armed with the D=5
{TRIDENT-II) missile, be relied upon Eo executs
all astrategic options assigned? Until recently,
conventional wisdom suggested that the SS5BN was
invulperable. However, detractors cleim submarine
launched ballistic missiles (SLBMs) are not as
militarily oepable as land-based ICBEHSs; and the
copmunicaetions links to the U.3. 35BN force are
fragile. By this rationale; the submarine leg of
the Triad would not be a3 capable or reliable as
the ICBM and air breathing aystema -- bombera and
crulse miasiles -- undeéer wartime atreas, or whan
it really counts.

It needs to be argued that the OHIO-class
55BN with ‘the TRIDENT-II weapon aystem can
succesafully execute all strategic nissions
asaigned as well as, if pot better than: land or
air aystems. This can be shown by discussing SSBN
hardware, listing SSBEN strategic missions, and
then assesasing the TRIDENT-II ayatem's ability to
fulfill these mnmissions in terms of the SSBN's
capability and survivability, the D=5 missile's
penetration apd performance characteristics, and
lastly, compunications vulnerability.

The 0SS OHIO-class submarine exceeds design
apacifications 4in both performance and quietness.
The navy presently wants 20 OHIO-class SSBNs, 10
geach for the Atlantic and Pacifie Fleeta, The
16th ship was funded in the FY=89 budget and the
repaining [our seem a certainty, All of thess
strategic submarines are designed for a 70/25 day
deployment/turn-over oyole, Today, ©OHIO=-clasa
S55ENs are armed with the TRIDENT-I (C-4) balliastie
mizsile, The USS TENNESEEE is soheduled to reach
initial operational capability in December 1589
armed with the first load of D-5 SLBMa, By 1989
the D=% misslle produstion line will turn out
about six missiles per month until the entire OHIO
class is fully equipped,

10



Tha D5 43 & Ul-foot long, three-stage
misaile with a range of about 6,000 miles. Each
nisaile will ocarry 8 wmultiple independently-
targeted re-entry vehicles (MIRVa), although it
could carry more., The ninth of 20 ascheduled
missile tests from land-launch pads was complated
on 21 January 1988 with a record of eight
successas and one failure, The aystem is ™on
track® and the navy claima the D=5 can match the
targeting capabllities of land-based ICBMs,

Tha D=5 will deliver a larger payload with
batter acouracy than the C-4 missile. It will
oreate a hard-target capability from leunch ranges
Ehat insure BSS5BEN survivability now and into the
future, The 55BN can utilize the NAVETAR ayatem.
With existing on-board position-keeping gualities,
own ship's location within 10 feet i3 pguaranteed.
Improved submarine position fixing and the mid-
course atellar up-dates of the D-5 misaile will
insure that eight 150 KT highly accurate reentry
vehicles can be delivered on target at ranges up
to 6,000 nm's. To achieve a hard targoet Kkill
capability, a larger and heavier high-yield war-
head, the ME-5, is being developed. With the ME-
5y the same number of reentry vehlolea on tha C-4
become hard target capable at 4,000 nm's, Aa
usual, throw-weight versus range are trade-offa,

Strategic nuclear options availlable to tha
Joint Strategice Target Planning Staff include
variations of both counterforce and countervaluas
targeting. Counterforce attacks include:

A Firat Strike Disarming Attack,

Launch On Warning (LOW),

Lacnch Under Attack (LUA),

Limited Huclear Optiona (LNOa)

Prompt Hard-target Retaliatory Attacks, and
Intrawar Fighting.

oo o oooO

The "firat atrike"™ and launch-on-warning are
presaptive attacks planoed and executed in a

11



pegce-time enviropment. Both are possible, but
highly unlikely actions by the U.5. The remaining
osounterforce optiona are moat likely to ocoour in a
nuclear enviromnment where only the S53BNa at sea
ara Iinvulnerable to attack (parmitting thelr
miszilea to be withheld): and where the SSBNa
repain durable for months, not bhours as are mpanned
bomberas in flight. Hation=wide communicationa
disruption ia probable in a nuclear exchange
because the electromagnetic pulse (EMP) from a
high-altitude nuclear detonation can produce total
electrical power outages., Also, phyaical deatruc-
tion of communication facilitiesa from weapon blast
is likely. This disruption acroza the entire
electromagnetic spedirum will affect gll coamuni-
estions to satellites attempting to relay messages
to any surviving strategic foroea. Reconstitution
of ecomsunications, "one-way" flor submarines,
appears & key to copducting susccessful war
fighting with surviving strategio forces,

Countervalus attacksa deal with:

o Retaliatory Attack by U.S5. 35BNs, and
o War Termination Bargaining.

Both these options depend upon survivable
forces; but are not necessarily time-sensitive.
Cortainty of retaliation is the real deterrent,
not the axact time it will occur. It follows that
if sometime during an S3BN'a TO-day patrol a
proparly authenticated emergency message 13
regeived from the national command authority, a
retaliatory attack will take place.

S5BNs st sea paintain prelasunch survivability
through moblility ln ccean space, Their ballistic
misailes are difficult to defend ageinat for the
same reason — the position location uncertainty
ef the launching platform. 55BNz can operate in
the wvast reglops of ocean-space and launch
missiles from many ezlmuths at thelr targeta. On
the other hand, the location of ICBM ailoa are

12



well known and the missile flight-paths approxi-
mate a great cirole to the target. Since the
enemy has a good sense of what is being targeted,
his active defenses can be pesiticned in the beat
locations.

Should deterrence fail, ballistic misailes
from forward deployed 0.5, submarines, having a
short time-of-flight, could be the firat atrateglc
weapona to arrive on target. Bacause of S2BN
survivability, withheld @missiles ocould be
avallable for retallatory strikes, or saved [or
war termination bargaining. The manned bomber; of
coursé, alsc can attack from varlousa azimutha, but
it has limited airborné endurance and i3 more
detectable than the 35BN prior to weapona launch.

To appreciate the epormous patrol areas
eveilable to the 55BM:; T1 percent of our planet ia
covered by water with a volume of 360 million
ciobic miles. All the world's population -- aome
four billion people —=- would not displace a single
cubic mile of aea water., In this vast apace; the
OHIO-olass 55BN, carrying the TRIDENT-II missils,
can patrol under some 50 million square miles of
ocean surface, Closs to merchant traffic, naval
formations, fishing boats, sea mammals and miscel-
lanacus flotsam and jetsam, locating, olasaifying
and attacking the submerged SSBN is analogous to
locating a needle in a hayatack.

U.5. submarine security has cutdistanced U.5.
and Soviet anti-submarine warfare capabilities,
The ongoing 33BN Security Program incorporatea in-
depth intelligence, laboratory experiments,
pathematical oodels and real-world tests to
ddentify and evaluate potéentlial submarine threats.
Technologies with a potential to threaten our
35BNa are not only aasessed, but counterpessures
are developed before a need arises, Critics of
the "blue-water® deterrent raise the poasibility
of a "transparent ocean," but there simply is mno

13



aredible evidence to indicate that techpologles to
do this are even on the horizon,

Compunication reliability between the National
Command Authority and the 0.5, SS5BN force under
conditions of wartime stress is often queationed
by strategista and politiciana, Redundant world-=
wide communicationa ara in placae, Submarina UHF,
HF, LF, VLF, ELF, the USAF,s National Emergency
Airborne Command Post and Emergency — Rocket
Communications System: Strategie Air Comsand Alr-
borne Command Fost. the Defense Satellite
Communications System and the Navy's E-6A TACAMOD
airoraft system, exist and work.

The primary world-wida "receive only™ method
of communicating with submarines at sea is Lthe
very=low frequancy (VLF) network. This ayatem
copsists of two primary and seven back-up sites in
the U.3.s &pd ancther pripary site in Australia.
The submerine receives a VLF signal on ita
underwater loop antenna down to a depth of about
150 fest. The submarine alsc cen receive the WLF
signal on its submerged trailing-wire antenns or
by raising an antenna above the surface on a
hydraulie mast, At deeper deptha the submarine
can stream an antenna buoy that floats to the
surface, VLF sites ars "soft™ targetsa, and like
m=aAny othear ooemunicationa, can be affeated
adversely by eleotro-magnetic effects from nuclear
bursts.

As  "insurance,™ the navy operates two
squadrons of TACAMD aircraft that fly contincous
randon patterns over the Atlantic and Pacific
Deeans providing VLF relay capability. These
gireralft operate under conditiona of electronic
silence and guard multiple scurcea for esergency
action traffis, The E-BA aireraft can remain
airborne for up to T2 houra providing additional
communications survivability, aince TACAMO, -- far
at sea — is not likely to ba affected by nuclear
detonations on or over the United States, As



further "back-up,® the VLF network is augmented by
many low frequency transaittera in and outside of
the 0.5.

The extremely low frequency (ELF) aystem
provides low data-rate alerting information f[or
submarines operating at varying depths or at high
speeds. Although the transmitting sitea are not
hardenad, this aystem ia not susceptible to
electro-magnetic pulases or Jamming. When the
submarine heara an alerting sequence or loses the
continuous broadcast aignal, it may ocome to
communicationa depth and monitor other navy, air
force and joint command frequencies. Since moat
analyats consider an "attack from the blua®™ the
least likely of all nuclear war scenarios, proba=
bility 1a high the ELF aystem will provide the
S5BH foree with strategle warning.

Submarinea can receive traffic on ultra=high
frequenciea via four satellites in the FLTSATCOM
ayatem, When the HILSTAR syatem becomes fully
operational 4in the early 1990a, 33BNs will have
another satellite cosmunication option that is jam
proof through Frequency-shifting Gtechniques, and
placed at an altitude higher than anti-satellite
aystems now operate, Alsos, laser comsunication
ayatems are in research and development for future
subparine applications.

Does streaming & tralling wire antenna.
communications bucy or raising a whip antenna mean
that the 35BN will be detected? Hot likely,
conaidering Gthe size of the antennas wersus the
surface area of the ocean, HNeither doea enemy
Jamming pose & resl threst since the ESSBHN s
operating closer to one or more of the world-wide
ayatem of U.S5, transmitters than to Soviet
Jjammars.,

The issue., however, ia how useable are theas

syatens in @& nuclear envirorment? The Navy is
confident that aome communication 1inks will
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surviva, thus providing at-aea submarines with
warning and an "execute message®™ with the same or
& higher degree of reliability than expected for
ICEMs and bombers =- if the latter survive at alll
If an "executive™ pessage is released, the SSBN
force will receive it. Even in the worat posaible
case where all surface facilities are destroyed in
g preemptive nuclear attack, S5BNs at sea could
reapond, U.S8, and allied naval and merchent ships
are routinely located throughout Ethe world's
goeans, Theae ships can provide high-Creguency
relay for an "execute™ message if one is released
by & reconstituted U.S., national leadership and
put "on the air® by any peana.

In addition to the OHIO-clasa SSBN being able
to execute & full range of strategic opticns under
2ll econceivable ponditions when equipped with the
D=5 missile, other fringe benefita ocour. For
inatanca; this sea-based syatem is coat eflective
in that fifty percent of the U.5,'s total reentry
vehicles are carried on SSBENs at & cost of about
ten percent of the navy's budget. Also, because
sea-based systems are survivable, they do not
require the masaive strategic operational and
warning organizations peeded to provide the ICBM
and strategic bomber forces with enough warning to
preclude the "use-'ep-or-loze-"em" dichotomy. Nor
does the SSBN force act as a "lightning rod® for
incoming ballistic @missile attacks on the
contipental 0.5, In a domestic political sense,
the SSBN system has a minismal effect on continen-
tal 0.5, imsues,

Every indicator points to a continuing S3BN
system survivability and invulnerability. The D=5
pissile is designed for both hard and soft targets
with the acouracy and ylelds necassary to
accommodate the widest range of strategic options.
The issue of unreliable communications with
atrategic submarines simply iz a non-iasue., The
redundancy of communication patha throughout the
electromagnetic spectrum, =along with the multiple
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options for message relay via friendly ships in
port and at sea provides connectivity equal to,
and perhaps batter thanm, that available to other
Triad systams. Taken in total, the OHIO-class
53BN armed with the D=5 misaile is a credible and
durable strategic deterrent with significant and
survivable deterrent and warfighting capabilities,

Richard T. Aoklay,; Fh.D,

In the April 1988 issue of The SUBMARINE
REVIEW, I wrote that the United States and the
Soviet Union had agreed in principle that long-
rangs,; land-attack sea-launched cruise misailes
{SLCHs) could be the subject of an arms control
agrespent independent of, but related to a
Strateglc Arms Reduction Treaty. The principle
remaining impediment to such an agreement i1s
effective verification, The U.5. negotiating
position 1s steadfast and clear: there can be no
arms control limits on SLOCMa without air-tight
verification provisions. But such provisiocnps are
virtually impossible of achievement.

At beat, wverification of compliance with any
arms ocontrol limits on SLCMs would be axcoedingly
difficult, Unleas a complete ban on gll SLCMa of
Bll types and gl]l ranges were agreed to,
verification would have to be implemented in two
stagesa: firat: werification of overall misaile
deployments, and second, verification of specific
pissile capablilities. Confidence in an arms
control agreement limiting SLCHa would reguire
that both stages be carrded out fully and
flawleasly.

Limiting SLCHMs to an egual aggregate level
would require 2 precise nuserical sooounting. At
the outset, Ctherafore, the U.5. would need to
verify that the USSR did not exceed the Treaty-
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agreed deployment level. However, it is doubtful
whether this could be accoaplished. This is due
in large part to the small size of tha USSR's
85-0-21 ocruize missile and its ability to be
launched from standard Soviet torpedo tubes. It
is ispossible to determine with Nationsl Technical
Means of verification whether a given torpedo btube
on &8 given submarine contains a land-attack SLCM,
a torpedo, an anti-ship miasile, or ia espty.
Moreover, even with intrusive, pericdic on-aite
inspection of Soviet submarines, the U.S5. oould
not be positive that the DESR was not exceeding
the SLCH limit. OUnless every submarine in Ethe
Soviet fleet were inspected simultanecusly -—
aomething the Soviet Navy surely would not permit,
and that would be logistically almoat impossible
even if 4t did -- it would not be certain that
they werée not sbove the aggregate limit, Even il
such & feat could be mccomplished, the U.35. oould
not know whether excess SLCMa in violation of the
agresment were hidden ashore or on nearby support
vesaels.

A total ban on all SLCHs would ameliorate the
problem of numerical accounting aomewhat, but
would by no means remcve it. Under such a highly
doubtful scheme, the U.5. would merely need Eo
detect o single 5LCM of any kind anywhere in the
Soviet Union or aboard a Soviet submarine or other
paval wvesasl to conaider the ban wviolated, The
prospeats of detecting that SLCM in the face of a
conacerted Soviet concealment effort, however,
would be exceedingly slim,

If the problem of numerical acecounting could
somehow be resclved, the U.S5. would still face the
problem of wverifying SLCM characteristics.
Specifically, the 0.3, would need a meana to
verify that non-accountable SLCMs do not meet the
threshold of accountability in terma of range and
payload.

18



The ©.3. and Soviet negotiators have agreed
that only long-range SLCMs should be limited.
However, "long-range® should mean greater than 600
kilopeters, How then ia the 0,3. to verify that a
given Soviet SLCM model does not have long-range
capability? Conventional wisdom holds that we
could verify SLCM range by observing flight test
potivity. However; there 1is nothing to prevent
the Soviets from concealing a SLCH's true range
capability by testing it to less than full range.
Indeed, the Soviets already have several modern
antiaship BSLCMa that are credited by the United
States with rangea very cloase to the 600 kilometer
SALT II threshold (i.e., the 53-H-21 and 35-H-19].
Perhapa we have already been deceived! If so, the
Soviets could readily deploy land-attack wvariants
of these missiles as they did in the 1960s with
the B55-N-3. If not, they could readily develop
gugh milssiles with the nesessary attendant
deceptive testing.

Aa for the payload question, although it is
conceivable that conventionally-armed SLCMs could
be included in a U.S. Soviet SLCM agreement, it is
probable that SLCH limita will only be applied to
ayastams ritted with nuclear warheads. It would
then be necessary to wverify that L 111
accountable® SLCHMa were in fact non-accountable =
i,8,y not arped with nuclear warheads, As with
the werification of aggregate limits, this could
not be accomplished by national technical means
alone, Op=-zite Inapection would be neceasary.
This would invelve U.5. Ainspectora physically
examining cruise missiles aboard Soviet
submarines, and Soviet inspectors dolng the same
on U.5, sobmarines. Mot only would the Soviets be
cartain to rejest such a propoaition, tha U.5.
Hawvy cartainly should reject it Under no
circumstances would it make military or political
sanaa to grant the Scviets direct accesa to our
moat sensitive submarine technologlea. Even if
the 0.5, did, and the Soviets reciprocated. the
U.5. would still be unable to verify that 3LCHa
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armed with conventional warheads when inapected
would not be refitted with nuclear warheads at a
later time,

In sum then, the verificetion problem appeara
to be insoluble, The 0.5. will pever be able to
assure with absolute certainty that the Soviets
are not exceeding agreed SLCH limitations,
Moreover, the Soviet record of non-ococmpliance
with past arms control agreements -- SALT I, ABM
Treaty, Limited Teat Ban Treaty, Bioclogical and
Toxin Weapopnas Convention =-- does not inspire
confidence in thias regard.

Dr. Edward J, Lacey

SUBMARINE FLEET POTENTIAL

For mankipd the destructive powers of a
submarine [leet are but & fragmented patch of
mEmory. Few can recall the wunleashing of
unrestricted submarine warfare in World War I.
More can remember the submarine inflicted terror
of the Battle of the Atlantie in the ascond World
War, These pegative memories Ffor the Alliesa wera
somewhat compensated for when the aubmarine con-
Eributed to & win in the Battle of tha Paciflie,
In the 1950's; prior to the SPUTHIK distraction,
the submparine became a source of optimism. With
knowledge of subparine fleet potential fresh in
their minds, Americans had the desire and oppor-
tunity to raise this potential to new heights.
Submarine technology took a glant leap on two
fronta: the platform and its weapona. The
nuclear-powered NAOTILUS gave the submarine high
submerged endurance and the ALBACORE optimized the
submarips hull, The REGULUS and POLARIS misailen
gave the submarine a capability to attack at great
range. Tha foundations were quickly laid for a
brilliant futurs, This brilliant future, however,
slipped from the American's grasp.
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Is i3 to be regalned?

It has been a long time from the positive
early-fiftiea to the uncertain late-sightiea,
Should we expect anyone undar fifty, other than an
unusually good student, to have an appreciation
for the potentiel of a submarine fleet? The
sinking of the BELGRAND during the Felklanda War
ainmply provided a mini-refresher course for those
beyond middle-age and a mini-introductory course
for othera. Ir the positive benefita of the
submarine are to be enjoyed, the meaning of the
worda SUBMARINE FLEET POTENTIAL  muat ba
resstablished,

The chosen meaning of *rlest potential™ ia
post easily understood within the context of a
game, For our purposes, we will defins a fleet
potential as a capacity for acoring; that ia, the
capacity for scoring hits or kills, This measure
equates %o tha practice of awarding medala with
eitations for tonnege sunk by individual subma-
rines and submarine squadrona. The petentlal of
surface and air arms can be seasured within the
sane context. Just as in [ootball; points may be
scored for the ground game and the pasaing game,
One will recognize that thias definition is =a
measure of offansiva power; it oontributes to
vietory, but by itsell doss not assure it.
Victory 4is a product of force ageinst foree
ineluding both offensive and defensaive components.
The submarine is seen as 8 brilliant offensive
instrument, particularly when it is "in the open
ocean™ == it is hard "to delense.® For theae
reasons, ita offensive Cleet potential excites,
But games go both ways. Excitement can be turned
to terror with the threat of defeat. Before
oloaing we ahould lock beyond submarine rleat
potential to submarine foree potential, This
bringa with it the capacity to defend againat the
submarine,
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The potential of a submarinea [leaat ia
dependent wupon its ability to get into the open
OO8EN. Thoa & requisite of its potential 1s a
secure basing struocture. Such & atrugture pust
provide the facilities for readying the subparine
for combat patrol and the secure access routea
which permit the submarine salfely to enter and
leave its base or system of basea., During World
War IT the Rusalans had a large submarine r[leat
but falled to provide & aecire basing astructurs,
This feilure negated most of the potential Gthe
fleat might have poasassed, In contrast, the
Germans in WW II quickly moved to increase Gthe
security of thelr submarine basing structure by
adding heavily protected bases in ocoupied HNorway
and France. In 50 doing the potential of thelr
submarine fleet was greatly enhanced.

There is little doubt that the Russians have
learned thia leason, Amaricana have alsc been
attentive to base security in their design of the
POLARIS and TRIDENT strategic submarine fleet. It
iz less cbvious that ' secure basing structure is
conaciously conaldered in Western designs of non-
strategio submarine fleeta,

This requisite is doubly important. Not only
is the provision of a ascure basing struckure an
ezgsential astep in the development of submarine
fleet potentisl, but should one try to negate the
submarine fleet potential of an opponent, he
ghould concentrate on rendering the supporting
base structure insecure, In the case of a prudent
and well-situated opponent, this task will not be
trivial.

If a pecure basing structure requisite is
met, subzarine f[leet potential is defined by ita
of fensive ocapacity to threaten and destroy: Ba
surface shipping, b. surface combatanta, and a.
ahore facilities — ports; bases. These are Lthe
pripary offensive targets of the submarine ovar
which it will bhold a significant advantage.
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Submarina f[leats were and are created to take on
such targets. This is also the prime peasure of
submarine fleet potential. As to the patter of
submarines targeting other submarines, thias is a
"defensive® actiwvity within which the submarine
oust seesk out an advantage through its inherent
deaign. Attriting enesy submarines in forward
areas is a defensive mission preventing ensemy subs
from thelr offensive missions, Strategioc ASW 13 a
defense against the epemy's projection of strate=
Elc weapon power. Aasociated support of a battle
group is a defensive scresning-measure mission.

With this background in place, the task of
developing a fleet concept which maximizes subma-
rine fleet potential is almoat trivial. The basic
building blook is the gquiet npuolear-powered
submarine, Ita high speed and great operating
depth are nice but npot easantial, The key
deecizsion to be made for the nuclear submarine 1s
the choice of paylead. There i3 little doubt that
when it comes to targeting surface shipping,
surface combatants, and shore targets with conven-
ticnal warheads, the weapon with the greatest
potential 1s the torpedoc-tube launched oruilse
pissile, A puclear submarine 1is capable of
carrying twanty-five or more such weapona; the
poreé weapona and weapon launchera par ship the
greater the potentisl. The torpedo, no matter how
modern; has been supplanted as a primary offensive

weapon.

The basic submarina fleat is thus ona of
subparine "cruisers® (in the Mahan sense),; capable
of & large volume of [ire at long standofl rangea.
Submarine potential has been, and will continue to
be reallized in the form of orulser warfare. Tha
number of submarines will alsc contribute to aub-
marine fleet potential, but thers will exist clear
limits as to uselful Flest aize. The modern target
is fatter and the modern submarine is [ar more

powerful., It might be found, alfter careful conai-
deration, that a subsarine "eruisar® flest of,
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say, in the order of thirty (twice as mpany aa
carrier groups) is an coptimum force, But, there
exists no subeparine in Weatern navies which ia
tailored to meeting the tactical potential as here
dafined,

Current naval practice; East and West; haa
focussed on the submarine's newly developed
capabllity for attacking shore targets with
nuclear warheads delivered by balliatio misaileas,
This atrategic mission is sufficiently unique to
Justify a dedicated submarine f{leat, The
existence of a secure baslng structure repains =&
requisite, A quiet npuclear-powered submarine
egain serves as the baslic building block. Very
high speed and great coperating depth do net have
strong posiltive effects on this fleet potential.
It is the weapon cholee which is speclal — 2 long
range missile capable of penetrating defenses and
delivering nuclear warhegds accurately. Today the
bellistic missile fulfillas this need., Again, very
large weapon loads equate direptly to [leet poten-
tiel. Also, since the pumber of strategic tergets
is limited and the atrike ecapabilitisa of an
individual fleet ballistic missile submarine are
great, the aize of the offensive strategic subma-
rine fleat can be modesat,

In a straight forward fashion, two, and only
two Bubmaripe types have been deflined which
contribute directly to & submarine fleat potentiml
== gtated in terms of a capacity to perform
of fensive submarine werfare tasks. The provisiona
for quieting: submerged endurance, and large
payloads, are basio. Haval super powers ocould
readily justify two such offensive submarine
fleeta composed of a total force level in the
order of sixty submarines, Larger sized fleets
gould be justified should the capabilities of the
individual submarines fall short on potential.

Moat of us kpow that the naval super powers
already bave substantially more than alxty
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submarines, and it is not just because these cralt
fall below their potential as we have defined it.
The justification liea in the fact that submarines
have an important role to play in defenaive as
well as offensive subparine warfare, It is
obvious that a submarine has no superiority over
another submarine, unless it is through its design
characteriatics. Thus, the submarine has f[ound
another niche;, a defensive role seeking to reduce
the potential of an cpponent's submarine fleet.
The submarine can moat effectively accomplish thias
goal by undercutting the security of the
ocpponent'as baaing atruckture -- partiocularly by
threatenlng any movements to, from, and within the
basing area.

The design of a defense-oriented submarine
foree, unlike an offensive one; invelves no quick
and ready answers. Unit capabilities gnd numbers
comeé into play. Historiecally, the offensive
submparine fleet potential provides little comfort
to those who wish to set a modest ceiling on ASW
forca levels whether air, surface, or submarine,
For this reason, the question of affordablility
becomes an equal, 1if not dominant,; factor in the
conceptual development of ASW foroes,; especislly
subsarines. Anti-submarine warfare requires the
developaent of foroe sultipliers which will wyield
the desired defensive effect while recognizing the
realities of budget conatraints.

It is not the least bit olear that the
building blocks exiat for a submarine force
capable of denying an opponent the security of his
submarine basing structure or one clasaified as an
affordable ASW apecialist, It is pasier to
rationalize that existing designa are multi-
purposas == both offense and defense capable, Yet,
when such oraft eare asaigned to defenaive
missions, they will not exist in sufficient
pusbers == and hepce their potential for offense
will bacoms both unavailable and at risk, Today,
it is very difficult to speculate as to what could
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be accomplished in the deaign of a defenaive sub-
marine force dedicated to the denlal of base
atructure security. VWhat weapons would be used?
Is ita stealth of prime importance? Can it pep-
form 4in the shallow water enviromment? Can such
submarines win in a meles situation? Are there
effective subsarine laid mines available? Without
anawars to such queations and/or poaitive weapon
system solutions in hand, little oan be said
ebout the defensive componants of & asubparine's
force and its possible contribution to winning.

Feturning to the leasons which may be derived
from the oonsideration of games, it i3 quickly
noted thats i the rules do not prohibit; players
tend to become specialista. This has & dual
advantage: thelr physical capabilities and train=
ing can be better focussed upon speaific tasks.
This pattern is permissible and highly developed
in football; In baseball, when the option of
using a deaignated hitter is offered, it is seldom
refusad. In the realm of submarine fleets and
forces, the options are open. Both of the super-
powers have chosen to develop a fleet of dedicated
strategic misslle submarinesa. Beyond this opticn
the United States has declined to pursue any
further development of specialized submarines. It
has displayed enthusiass neither for saximizing
its offensive submarine flest potential, which
embodies & oapacity for scoring, nor for
pinimizing defensively the opponent's potential
for scoring. Has the goal of winning slipped from
tha agenda?

The above neglect of further submarine
apeciplization by Americans can be explalned; it
canoot be jJuatified, In the briaf intarlude
between the Battle of the Pacific and the pesce=
time Battle of the Budget; HAmerican scvbmarinera
maotively pursued the copncept of specislization and
seriously began the development of an anti=
submarine submarine involving all the oritical
technologiea, At that time the U.5, had more than
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an adequate offensive fleet potential acrcas the
board =-- submarine, surface and air. The only
standing mnaval threat,; PRussian, was a force of
pore than thres hundred submarines, Tha U,S5,
priority for ASW defense was obvious, Interest in
the dedicated ASW submarine was, bowever; not long
lived, Americans have the bad babit, in peace-
tipe, of sell-imposing force cellings rather than
budget ceilinga. The idea of the force-multiply-
ing susterity of the ASH specislized killer
submarine was sbandoned in favor of the general
purpose attack submarine. The attack submarine,
as it has evolved, mpocks the notion that any
benefit, cost, or effectiveness, can result from
aslf-imposed foree cellings. The attack submarine
has npaver been configured to realize a true fleet
potential for offensive submarine warfare. Wikth
raapact to weapons, it is a hermaphrodite; its
aruise missile installation is mot primary, it ia
an aftarthought. Moreover, the urgency of creat-
ing & s0lid, submarine=based ASW defense has never
diminished, Foroa oceilings, not budget ceilings
haya out the rug out from under any further
sarious Aperican effort to fill thia need.

The oconoept of submarine fleet potential i1a
readily recognized when one reflecta upon tha
capabilitieas of a flest of balliatic minsaile
submarines, or & fleet of cruise missile armed
submarine cruisers. Such craft, in the open, bave
a capacity for scoring. Their wvery presence
creates a demand for defense. A winning force
oust have balance between offense and defense. Of
the two, the burden of achieving a satislactory
defense is heavier; it should not be put off by
self-delfeating policleas,

John 3. Leonard
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Back in the mid-1950s naval architects
thinking about ideas from the asrospace world
wondered 4if the ALBACORE could "lly underwater®
Just like an airplane?

in aircraft flies in the Fluld medium of the
atmosphere with virtually no constraints inm the
vertical or horizontal dimensions, Ita only
problem is that it needs winga to help support it
in suoh & thin fluild as air.

Submarines fly in the fluid medium of water
with po constraints in the horizontal dimenaion
but with wvery seriouaz limits in the wvertical
dimension due to the very high pressure of water
a3 one goes deeper into the ocean. Crush deptha
of only 8-6 ship lengths contrast guite markedly
with the 10=-15 mile vertical space for the air=
graft world. Honsthelesa, one can continue the
analogy someéwhat more accurately by comparing the
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modern subsarine with the airship or dirigible
that wes so popular before WW II.

Beither submarines nor airahips require wings
to support themselvea in Tlight. Their displace-
ment of water and airs respectively, take care of
this little detall; which makes 1ife much sasier
when one wants to slow down or stop and talk
thinga over. Airplanes don't stop very well in
mid-air.

Indeed, for the early ALBACORE experiments
with single msan control, a number of ALBACORE
orewmen were sent down to MNAS Lakehurst., Hera
they practiced [lying the ZPG 2 and ZPO 3IW ailr-
ships to become familiar with the eontrol
résponses that wers expected with tha new,
slippery body of revelutien hull.

Although the original HOLLAND submarine was
nearly perfect; stresmlined, underwater body-of-
revolution, its ideal shape was to change very
BO0N. The reality of operating on tha surface
forced the sddition of & “eonning tower®™ to
prevent [looding of the captain's hatch from wave
motion and to support the periscope necessary for
performing 4its atealth wmission underwater.
Unfortunately, these early submarines were only
surface ships that were able to go underwater [or
very short periods of time due to the leck of &
suitable powerplant. IT' nuelear power wers
available in 7900, I am sure that modern
submarines would have a very different loock today.

Honethelesa, with the arrival of the "GUPPY™
submarinea, a fairing was Iinstalled over the
pariscope/snorkle/antenna protuberances and the
"aonning tower™ gave way to the sall or fairwater.
Quite inadvertently, the modern atbtack sub was now
saddled with a wing that would severely limit ita
pansuvering ability in the horizontal plane
(becausa it wasn't balanced by a wing sticking out
from the bottom), and soon lend to the discovery
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of the rell/yaw coupling phencmenon known as "the
snap-roll.®

This writer firat heard about thia insatabili-
ty 4in 1959 while working in the development of =a
Mavy airship as a "flying wind tunnel,®™ Since the
ALBACORE was the first submarine to explore the
cther side of 30 knota, it did not take long for
rumors teo surface sbout the Psubmariner's J.C.
maneuyver;™ where the crew nearly found Aitselfl
bhanging upside down from thelr seat-belts after
attempting 2 high-speed, 30-degree rudder turn.

It makes sense, of ocourss, ¥hat does ona

suppose would happen to a fighter plane in a turn
if it lost one of itas two half winga? So how can

one expect a submersible to fly in the horizontal
dimension with only half a wing?

Tha ALBACORE engineera and crew worked for
saveral years to sclve this basic limitatiom to
horizontal paneuvering, and there were Dany
poasibilities. For the time being, limiting the
degrees of rudder used in a high-speed turn was
used. But how can one avoid a hostile torpedo or
sonar ocontect on & potential enemy sub at 2-3,000
yarda if limited to modeat, large-radius turna?
One does not have much time to avoid or reposition
to make pready for & guick oounter-attack and

getaway.

Recall the famous ALBACORE demonstration in
1956 - with Admiral Arleigh Burke and Admiral
Mountbatten on board — while being hard-pressed
by a friendly desatroyer off the Florida Keya.
¥hen the deatroyer thought she was almoat on top
of the submarine, the ALBACORE suddenly heeled
over intc & 180 deg. turn., With a skilled pilot
using their asingle-man controla in cooperation
with gn eggressive captain, the ALBACORE gquickly
breke the pursuing destroyer's active sonar
contact and disappeared Iinto the azure-blus deptha
of its natural habitat.
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Today, however, we are losing the luxury of
being able to detect tha Russian at ovar 20,000
yarda, With guiet subsmarines now proliferating
all over the world, the underwater meles or
fundervater deogfight™ is becoming increasingly
likely. There 13 no gquestion the Russians have
been working on the problem. Look at the ever
amaller, blended sajils on their auba, It im
already acknowledged that many can dive deeper and
Eo faster than we can. The ADCAF torpedo is not
enough, we must learn to outmaneuver them in the
borizontal plane.

THE TURN PROBLEM:

SIDE FORCE [}

-l-..

-
- e—

FIGURE 1
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For any untracked vehicle entering a turn, it
is necessary that the ocutward centrifugasl force
generated by the pass of the vehicle be offaet by
an inward foroe generated by the vehicle itselfl,
Figure 1. An airoraft simply rolls its wings owver
to allow the horizontal component of the wing
1ifting rorce to counter the cutward centrifugal
force of the weight of the airoraft. hn airship
or & submarine, without 1ift generating wings, has
a problem. The only aizeable surface available to
theas large, buoyant bodiea of revolution is their
hill == which is basically a total disaster with
it's 4inability to generate large aide=forces for
tight turning in alr or water. Honetheless, let
us examine how it worka,

Moat of us have observed, on 2 rainy day at
any airport: the peculiar wing=-tip wvortices
Ewisting wp and trailing behind aireralt -— Boelng
TT's, ete., =-. These are the result of the
high-preasure air underneath a wing sliding around
and equalizing preasure with the low-pressure air
sbove the wing. These vortices are visual
evidence of a wing's lifting ability, and are the
only avidence of the term "circulation,™ used by
aercdynamicists to desceribe the phenomencn of 1ift
forces im fluid flow. When you aee auch a vortex,
whether it be onm an airplane; Gthe rear wings on
Indy race oars, or even off your hand in Cthe
bathtub; you are seeing "circulation™ and a 1ift
or aide force io the fluld medium,

To visualize these vortices on an airship or
submarine body of revolution, simply eliminate the
wing batween the two wing-tips -- leaving only the
= half-giroular tipsa -- which whena joined
togather, form a body of revolution, If this is
now Iinclined to the alr or water flow. the Gtwo
vortices will still be present. This indicates
that there is "oirculation®™ available, with the
resultant side=foroe facing leeward perpendicular
to the body between the two wortices on the les
side per Figure 2.
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VORTEX CORES

REAR VIEW @Z SIDE FORCE

10 DEG. YAW
Figure 2

Unfortunately, the itwo wing-tip shepes
clamped together to create the hull form of a
modern submarine now generate theoretically weaker
Fagirculation™ than when they had a long thin wing
betwesn them. Az a result, the side force avail-
able to allow & subsarine to turn 13 onaly
sufficient to allow turns in, perhapa, 5-B
lengths, The presence of the sail, by happen-
stanoa, improves this turning performance
considerably, if one 1s brave encugh to deal with
the resultant roll/yaw coupling problems.

It is importent f[or subpariners to have
8 complete understending of how essential these
vortices are to the opportunities available in
high-speed maneuvering "flight." Referring to the
photographs of the SKIPJACE flow wisualization
studiea (ref: January 1988 SUBMARINE REVIEW, pg.
§6); one can clearly see the atrong influence of
the =aail as it pulls the upper bow vortex out of
its place alopg the bull and up into the wake of
the sail itself, The resultant crossflows and
separated hull-flow decrease the vortex-generated
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side foroe and push its center-of-preasure toward
the stern. The initial problem of a 30-40 degree
anap-roll is now hugely complicated by a pitch-up
of the bow and further increase in depth as the
rear half of the submarine W"aquata™ down. All
this becauvse of the rude displacement of the very
powerful twin vortices created by the yawing hull
at apead.

Since  the vortex itasllf oonsista of a
swirling mass of water rotating ioward towards the
pcanter of the hull == aimilar to the rotation of
the top of a 20 foot high surfar's wave, but with
much more energy =—; it will also be a potential
source of turbulent noise. This sound energy sust
ba contained and winimized f[for quiet rapid
paneuvera In the lateral or horizontal plana.
Bappily, the twin vortices are huge drag
generatora which will produce a marked slowlng of
the gibmarine whanéver thay appear; thiza
disgouraging a posszible invarted spin.

It 4ia clear that the best solution to auch a
preblem i3 to keep the aail structurs upright in
any high-speed turn and not allow it to Ainfluence
the wvortex patterna from the bow. This powerful
vortex structure must be left alone to aseek ita
normal position on the lee side of the hull with
noe  interference from any hull protubsrances
forward of the asternplanes,

Part II of this article in the next issue
will discuss possible retrofit solutions for all
637 and 6BB class ahips which should allow them to
make 180 degree turns, fully upright with no roll
angle at 30kts, This retrofit should also allow
aingle-man ocontrol without the piteh/roll/yaw
coupling difficulties and undue drama that require
a Chinese fire drill to handle today.

Henry E. Fayne III
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In tha past; the control of the "tempo® of
operations was so erratic and chancy that it could
not be considered essential for military sucocess
in battls. Today, however, with good comsunica-
tions, all-weather systeass, cosputer alds for
decision making, accurate navigation, well-trained
men, devaatating weapons and highly mobile unita,
control of the tempo of warfare has becomes 80
important for battle results as to be thought of
a3 a "principle of war,™ and submarines have good
control of the tempo of their cperations,

Tempo ia defined as the rate of activity, the
apeed at which events ceoecur. That sounds like a
acalar quantity but, in warfare, it would apply to
speed of movement, @speed of action, and
concentration of effort; which makes tempo & more
compplicated concept.

Tampo 18 very much abk play with tha 0.5,
Haritime Strategy which dependz cn a papld decima-
tion of enesy submarines by 0.5, submarines in
forvard barrier poaitions.

In warfare, control of tempo provides the
spage-tise-power advantages of position, initia-
tion, and intensity which are eritical to auccess,
Being truly dynamio, the slements of tempo inter-
act and therefors it sust be treated as a aysteas
rather than as a singular aapect of action.

Tempo ia particularly critical to the
probabllity of escalating to the use of nuclear
weapons == rapid, decisive action can oreate a
ceasation of war before nuclear weapons might be
brought into play.

In the days of frigate battles,; the quickness
in obtaining the weather-gage and to delilver
rapid, accurate gunfire were the elements of tempo
thet produced wviaotory. In World War II,
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wolfpacks, asubmarine astealth, communications,
surfaced sobility and torpedo fire-power provided
the econtrol of tempo that gave the advantage over
convoy defenses. In today's environment of high
speed ocomputers and electronics, submarines, it
will be shown, have better control of tempo in
wartice operationa than any other naval unit.

For many jyeara, Gthe mobllity of oarrier
groupa and the speed of thelr aireralft have given
them good control of tempo in operationa againat
surface ships and land targeta. However;
surveillance from satellites and space stations
has greatly increased the carrier's detectability
and, together with the threat of long-range
plaalles attack, has pseveraly rastricted its
ghillty to control teéempo in order to reduce ita
detectability by enemy naval [orces. Horeover,
surface shipa wpust eliminste pr minimize their
epergy radiastions produced by propolsion, search
and ecopmunications == all of which are needed for
their control of tempo.

But submarines peed not present any wvisual
aor radar target; they are designed for sinimum
acouatic radiation; they can uze high apeeds at
depth without cavitation; can operate eflfectively
without radio transmissions; and are equipped with
bigh-performance pasaive acouatic detection
systems, Maipntaining these advaentages gives tLhe
submarine good control of tempo during tactical
gperations againat aurface forces.

Againat other subearipes, the gams becomes
more d4ifficult. In Werld War II, successful
attacks on other submarines usually depended on
advance intelligence information which allowed
optimum search to be conducted and [iring poal-
tiona obtained. In today's sub-va=aub operationa,
thia advantage cannot be assured. Against enemy
55BN=, while "bastion® operating areas may be
deduced,; their delfensea can be sxpected to be
formidable, including measurea to confuse the
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searcher as well as having equally capable SSHa to
attack the searcher. Penetration of enemy waters
can be expected to be opposed by warious ASH
forcas, inoluding smaller; quiet dlesel or air-
independent  submarines, Tempo here can be
expected to involve a long-duration process as
the 55N strives to achieve undetected transit and,
failing that, to get the advantagea of First
detection and first f{ire-control asolution, A
thorough understanding of the elements that affect
control of tempo will be as vital to sucocess aa
tenacity and guick reaction.

Against S5ENs which are a threat to friendly
surface foroces; whether battle groups, logiatic
support shipa; or overasas tranaporta, the teapo
may well be different. Hare the end-game is not
necessarily the destruoction of a prime target, but
rather the elimination of its threat to the sur-
face forces. Keeping enesy 53Hs outaide thedir
effective firing range, eliminating their chance
for surprise; end reducing the efficiency of thelr
attackas may be the primary ASWH objectives,
Instead of a limited-area bastion, our SENa would
have a moving "sanctuary®™ to defend: thereby
introducing changing environmental conditions into
the equation which controls the tempo of the
operation, KEnowing the areas of poor scnar condi-
tions and the proapects for adverze weather
conditions are important factora in the timing of
tactical options.

Surprise has always been & key f[aector in
sucoessMul coabat, but in the [uture it may not
always méan catching an enemy unaware -- 23 Bay be
the situation just prior to the ocutbreak of hosti-
lities, where surprise i3 likely to come 83 @
rasult of confusion or misinterpratation of enemy
intelligence. D=Day in Mormendy is en exasple.
ADM Gorahkov notes that with cosputer collation of
data and computer-aided decision-making, stalls
can noWw make plans for complex operations so
rapidly that: when an opportunity 1ls presented, a
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ataff plan can be generated to exploit it alsoat
immediately. This kind of surprise is a produat
of rapid stafl planning and rapid movement of
foroes; and will be aveilable to the side with the
strongeat ocomputer support and the fastest all-
weather weapon delivery systems. The sffect of
apesd on tempo is well illustrated by the arrival
of four British S55Ha off the Falklands almost at
the start of combat cperations. Their high tempo
of responss helped have a deciaive effect on
limiting the plans of the Argentine Mavy, 1llus-
trating the truth of cavalry General HNathan
Bedford Forreat's dictum "Git thar fusteat with
the mosteat|®

A great change has oecurred in surface ahip
pperations as a result of incoming air and misaile
attacks at about Hach-1 ar above. Bafore the
Vietnam War, release of battery for air defenae
was the prerogative of the C.0, or, if surprised,
by the 0OD of CDD on watah. With the advent of
radar detectors as tha firat warning of misaila
gttack, and with only seoconda to initiate counter-
gotion, the control necessarily passsd to CIC and
in some cases, to junior personnel. Recont
actions, 1.e., SHEFFIELD off the Falklands, STARK
gnd VINCENMES in the Parsian Qulf, give tesatisony
to the extremely rapid tempo of surface ship alr
defense, Consider, then, the effects on control
of tempo which would result from multiple missile
attacka designed to saturate defense asystems.
Without an AEGIS ayatem, human brains and older
rire-control systems would be gquickly overloaded.
Even AEGIS haes design limitas, which may be
atreased if faced with multiple attacks of Hach=2
and 3 misailea.

The tespo of submarine combat operationa
againat surface ships is leisurely by comparison.
The high mobility of the nuclear submarine and its
capability to attack with surprise allows for
precise timing for gaining a weapon launch posi-
tion., For torpede attack, tracking time and fire
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sontrel sclution can be long and deliberate
without degrading the probability of success. The
attack tempo increases with bearing rate near the
firing points but reseins well within the
capability of the submarine to ocontrol. —Torpedo
travel is relatively slow, and there is sufficlent
time to assess atteck results while taking
countering or evasive action. Minutes are
involved, not seconds as with surface ships res-
ponding to ccean-hugging missiles, The temps of
defansive action is leisurely by comparison, For
missile attacks, however, a oconsiderable accelara-
tion of tempo can be expected, particularly in
aloaing for coordinated multiple missile launchea,
The high speed arrival at firing positions, the
concéntration of firinga to achieve near-
simultaneous missile impacts, and the high speed
of the weapons c¢reate a high tempo of attack.
Even 8o, with the submarine's speed ocapability.
low detectability, and rapid fire-control solu-
tions; it resains in control of the tempo of
operations by establishing a time for attack well
ahead of weapon launch. Surprise in attack
minimizes external pressures which would change
the planned tespo. That's important -- AF one
recalls how bosbing operations were burried by the
arrival of snemy [ighters.

The capability to provide a wery low,
deliberate tempo for the smploysent of atrategic
weapons is eorucial to the political decision
makers to allow them to make proper and adeguate
response to atrategic threats. Only the SSBNH leg
of the triad can provide the deliberate, slow-
timed use of atrategic weapona. Miasile silos and
bombera must respond rapidly to a posaible nuglear
attack or risk destruction -- a use-thém-or-loss-
them pressured tempo., Today's SS5BNs are suffi-
alently survivable to ensure control of tempo of
raaponsa to a nuclear threat, whethar it be false,
limited, acoidental or full scale -- and this
means that SSBNs can be used apviime during a long
WAr,
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All of the above critically depends on
another aspect of the control of tempo, and that
ia the performance of paraonnel. The well-trained
crew gives & puch higher probability of getbing
the information and taking the ections proopbly

for sovocess in oombat. The well-potivated,
healthy crew atands a such greater chance of maln-
taining capability under the stress of long-
duration penetrations of enemy waters and of
providing the quick resctions needed when contact
is made. Minimizing the effects of lfatigue on the
judgment and reactions of commanders and crews
will be an important aspect of assuring a high
tempo of operaticns. GSubmarine crews are selected
and trained efficiently to control the tempo of
warfare and get optimum resulta,

In conducting its ocperationa, the important
factor of tempo is well-contrelled by the subma-
rine; better by Far than by any other =zea system.
Coupled with the capability to deliver a wvarliety
of weapons, both short and leng renge, againat
surface, land, and submarine targets, the subma-
rine's potential to exert aseapower, mainly ab
times of its own choosing, is more credible than
for other systema and can be planned with greater
rellabllity. ouoils have a alow deliberateness in
their tempo of operations; SSNa attrite other
submarines st a high tempo; S55Na deatroy shipping
at & high tempo; SSNa project ecruise missile power
agaipnst the shore at a discreet, planned Gtempo;
and, S3Naz in other missions can meet Etempo
expectations to produce the beat reaulta.

Charles B, Bishop

STHATECGIC ANTISUBHARINE WARFARE

Attack againat strategic missile-carrying
submarines; often termed "atrateglc antisubmarine
warfare®, 1a a controveraial tople for thoae In-
terested in deterrence, escalation of war and war
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termination, The econcept involvea the potential
for unwanted escalation during the conventional
phasa of a war, soma difficult command and control
iasues and a potential pew area for arms control
between the superpowars,

Attack on atrategic missile-carrying nuclear
submarines already involves more than just the two
superpovers. Three other pations bave such subma-
rines: China, France, and the United Eingdom.
Also many npations have existing antisvbmarine
forcea that might be iovolved in military opera-
tions against the nations who have submarines
carrying atrategie ballistic or cruise misaileas,

The proapect of many nations potentially
conducting strategic antisubmarine warfare
reinforces the Soviet copcept of "equal =ecurity.®
The Soviet military argues that; in order toc have
the same level of security as that enjoyed by the
United States, it must bhave a defensive capabil-
ity sgainst all possible enemies.

There 1s general agreement by all npuclear
powers that & mnation must have a survivable
puclear preserve force capable of striking back,
even if subjected to a coordinated, surprise Cirst
atrike,

Traditionally, nations have locked to navies
to provide strategic nuclear delivery aystems that
can survive enemy attacks and threaten nuclear
retaliation. Western strategista often argue that
aa long as sulfficisnt warheads remain on sur=
vivable submarines at aea they provide a threat so
powerful that nations would hesitate to escalate s
war to the use of nuclear weapons or to all-out
nuolear strategic war.

Tha Soviet Unicn fired a ballistic misaile
from a submarine in 1955, well before POLARIS
appeared in the U0.S5. As ses-based ballistic
miasile ranges improved, Soviet submarines did not
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haye tce oloze anemy shorellinea in order to
threatan Morth America. However, some Soviet sub-
marineas oarrying ballistic and eoruise mizailes
have continued their pattern of patrolling offf the
shoraa of the U.3. and Canada over tha years.

The T.S. Havy's firat paritise nuclear
deterrent force was one of REGULUS oruise misailes
on submparines and asurface ahips. Then, sea=-
launched ballistie misailea were developed and
parried to submarines, and strategle cruise
misalles were abandoned until the advent of the
very long-range land-attack TOHAHAWK.

The Soviets argued, in the [lrat Strategic
Arma Limitations Talks (SALT). that they required
compensation in nusbers of miasile subparines,
because thelr shorter missile ranges required them
to sall thelr submarines long distances to forward
patrol areas. SALT I gives the Soviet Undon a
aignificant advantage in npumbersa of misaile
submarines; indeed, the USSR has almost twice as
pany of these submarines as the reat of the world
coabined. The advantage in numbers of subsarine
hulls is understood once one attempta to plan
cagpaigns to attack all of them.

An interesting asymmetry developed between
Western and Soviet naviea, The 0U.5., French, and
Royal MNavies retained the shorter rangs POLARIS,
POSEIDON, M=-20 and M-N misailes and relied on
atealth to provide security for thelr ballistio
misaile submarines on patrol. The Soviet Havy: on
the other hands deployed ita newer submarines in
bastiops; such 23 the Ssap of Okhotask: with a
protective array of air and sea power and
favorable geography to enaure that ita forcea
retained thedr “oombat atability® {miasion
capability). Implicit in the deployment of
protecting r[orces providing combat astabllity to
astrategic misalle-carrying submarines is the
assumption that the Soviets cbviously expect them
to be attacked during war.
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Deapite this asymmetry, nuclear-capable
nations could fesl relatively secure that no
matter what happens during the conventional phase
of war, "sufficient™ nueclear weapons on submarines
will remain to threaten an enemy credibly with an
unaccaptable response. However, many in the Weat
feel that offenaive operations should not be taken
ggainst Soviet missile suboarines during the
conventional phase of a war, asinoe it would auto-
matically trigger vertical escalation because the
USSR would rather use than lese them., Implicit in
that argument is the assumption that Soviet asub-
marines with satrategic missiles conatitute ithe
nuclear reserve of the 3Soviet military -— the
foree that threatens the West with retribution no
gatter what happens to the other two lega of the
triad. Buk, there ia no evidence that either the
Soviet Navy or sea-based nuclear systemsa will be
the force that directly inflvences the outocome of
a war, It would be decidedly non-Ruzsian to allow
the peyy to Fisld the only nuclear resarva,

Another problem with viewing Soviet missile-
carrying submarines aa only a nuclear reserve is
that older and shorter-range missiles deployed off
the ocoasts of enemy pations ean perform unique
damage limitation missions. For example, Soviet
58-N-6 SEFB missilea aboard YANKEE submarines can
strike U.S. Strategio Air Command bases or vital
comsand, oontrol, and oommunications facilities
much wmore quickly than can intercontinental mis-
siles launched {from the USSR, or from protectad
bastions. Such misaions are consiatent with
Boviet military atrategy and tasks given to the
Soviet Havy.

Some of these sea-based systems deployed in
theater oceanic areas alas allew the Soviets to
gircumvent the loas of S5-203, dismantled by the
naw INF Treaty.

Fortunately, when tha Soviet Union deploys
its submarines outside protected bastiona, it

k3



moves them closer to enemy antisubmarine warfare
forcea, Because of military utility and lack of
survivability, it 4is likely that some submarine
ayatems have a role in a First nuclear atrike -—-
rather than only as a part of the atrategic
puslear resarve, Moraover, as the Soviet Navy
deploys hard-target capabla warheads, it ia likely
that the number of submarines assigned te first
strike missions will inorease,

Ir thess short-range Sea-based aystems
deployed within striking range of Europe, Canada,
Japan; China; &nd Kores were g part of a secure
nuclear reserve, the Soviets should have
withdrawn them to protected home waters. such as
the 3Sea of Okhotsk, where they could present a
subsequent escalateory threat i surge-deployed
cloge to enemy shores, Instead, by aiting them in
relativaly exposed forward areas, we must conalude
that they are designed to be used as part of a
combined arma attack im the avent of war, or that
the Soviets have a high regard for their
survivability. It could alsc mean that they serve
only & pre-war political role and are either
expendable in combat; or would be repositioned.

Anothar theory suggeats that the USSR intends
to hide these units in the territorial -- and
parhaps internal -- waters of other nationsa.
Although originally suggeated with regard to the
Baltio, 1ia this option preasnt in Japanesa waters
or the Canadian far north? It would certainly
presant unique challengea. For example, what
should be the Canadian reaponaa if it agsin
detected a Soviet submarine near its shores --
this time a misaile-carrying submarine in Arotic
territorial waters during a NATO orisiz pot
directly Iinvelving Canada? Doea the response
change if e NATO/Werszew Paot wgr is praging In
Europe, but the submarine iz in Canada's Paoifie
200-gile risheries zone?

Dospite the large portion of Western missile
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submaripnes deployed 1in the deep ocesEn expanse,
Soviet military spokesmen have openly stated Ethat
the destruotion of enemy sea-besed nuclear asasta
ia a strategic goal for them and a main mission of
the Soviet navy in any future war. Such state-
menta, ooupled with aggressive antisubmaripe
warfare programs and other actions taken to reduce
furthar hoseland vulnerability to attack,; rein-
force the conclusion that the USSR has npever
acoepted the theory of assured vulnmerability pre=-
quired by sutual assured deatruction. Fortunately
for the Weat: Soviet antisubmarine warfare capa=-
bilities have never matched their aspirations.

Essentially, ¢to the Soviet silitary, it ia
far better to atrike an enemy submarine in the
gonventional phase of a war, and deatroy perhaps
hundreds of warheads before they launch; than
allow that threat to axiat, The deatruction of
even one OHID cless ballistic missile submarine
armed with TRIDENT C-4 misailes might ocause the
loas of 192 nuclear warheads. This damage
limitation misaion is totally in conformance with
Soviet military strategy for deterrence,

The Soviet theory is that the capability to
alter the correlation of forcea, by sinking enemy
strategic missile-carrying submarines on the high
seas during the conventional phase of a war, will
both prevent puclear escalation in the event of
war and limit damage to the Soviet hopeland, Aif
the war turna nuclsar. The Soviets, on the other
hand, apparently do not anticipate that the U.3. -
or any enemy nation - would initiate nuelear war
over the loss of stretegic missile-parrying subma-
rines during the conventional phase of & war.

HATO and U.5. declaratory maritime strategiea
have long included the posaibility of offenaive
action againast Soviet strategic missile-carrying
submarinea during the conventional phase of war.
A strong additiopnal side benelfit to HATO ias that
if the Soviets are engaged in defending their
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bastions, only elnimal reaidusl forces may be
available for open-ocean strikes ageinast wital
allied sealanes of comsunicatipn.

Whether an enemy submarine carries nuclear or
conventional munitions, a prudent assumption
military planners should make before a war is that
Any eonemy submarine found off one's shorea ia a
potential threat that must be neutralized in the
event of armed confliet with that enamy. Forward-
based subparines are primes targets for enemy
navies, since they represent not only a first
strike nuclear threat, but also provide vital
attack asaesament and other intelligence informa-
tion == and because they preaent a conventional
torpedo and @missile capability. Additicnally.
every submarine sunk during the initial stages of
a war is one less that can be re-used if reloaded.
Most nations have the necessary antisvbmarine
forces to deal with Soviet intruders close to
their shorea,

Aotually attacking =& missile=carrying
submaripe iz & far pore difficclt task than
genarally credited by ecivilian analysts unfamiliar
vith antisubmarine warfare operations. Ope must
assume, however, that submarines deployed near an
enemy's main antisubmparine forces, inoluding
mines, (as is the case with submarines of the West
trying to attack Soviet submarinea in their
bastiona) are more likely to be deatroyed than
stealthy strategic submarines in the broad
axpanses of the world's oceans trying to avold ASW
units.

Attacking enesy pissile-carrying submarines
in defanded bastions is such more difficult and
will undoubtedly involve a high cost. Yet il the
beanefits of such actions are substantial, one must
assass the relation of benefita to ocosts. For
example, Aif the United Kinpgdom, France, or China
tock avery poasible precaution to ensure the
survival of their sea-based nuclear forces doring
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the conventional phase of a war, but tha Soviets
could desatroy them anyway. then the United
Eingdom: France; or China might not have any
puclear "garda® left to play at war tersination ==
and, therafora, might mnot participate == a
politiocal result well worth a few Soviet ASW
unita,

Foaing & strategle eantisubmarine warfara
capabllity doea not neceasarily undermine
detarrence; but rather reinforcea the belief that
daterrence i3 best served by & credible capability
tc prevent an enemy from achieving hiz own war
aims. The U.3. understands that to deter the
sovlets, the West oust present a capabllity that
the Soviets respect. A credible capability to
limit damage to its homeland by attacking nuolear
weapons delivery vehiclea during the conwventional
phase of a war is a principle that thea Soviet
military has advanced for years; and oconforma
totally with the Soviet philosophy of deterrence.

In a wary attacking an enemy force before 1t
attacks you is militarily sound. The pumbars of
Soviet astrategic misaile-carrying submarinea ol
all typea on forward deployments or in bastions
make 1t unlikely that the West could ever destroy
sufficient numbers to deplete the Soviet
strategic puolear reserve. Marshaels of the Soviet
Unions MHikolail Ogarkov and 3. Akhromeyev, hava
written over the past few years that it is
impossible to destroy all of either superpowsr's
means of nuolear attack.

The loas of a submarine at sea is not likely
to "require™ a nation's political leadership to
seek overvhelming retribution through nuclear
eacelation. Converaely, opportunities to reduge
enemy nuclear forces in the event of war should be
selzed, BSoviet pissile-carrying submarines should
not be listed as targets that regquire
authorization to attack, once armed oconflict
commences, The Soviet military haa astated
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rapeatedly that they will attempt to attack enemy
missile subparines during & war; we should attack
theirs.

Every aubmarine deatroyed reduces the npumber
of warheads providing a threat by the Soviet Union
during the conventional phase; or which could be
used in nuolear combat operations, or which could
be used or threatened to be used during the termi-
naticn phase of the war. Even the threat of such
actions will cause the Soviets to oconsider defend-
ing their misaile submarines in bastions amd is
likely to influence the numbers of submarines left
oyer f[or attacka on the distant sealines of
copmunications, WNo matter how much we talk before
war &sbout avolding actions that might risk
military reaction, din war, political leaders will
dezand options from their military for actions to
create as Cavorable terma of war termination as
can be sohieved, Altering the nuclear correlation
of forces by attacking an enemy's submarines is
the type of step that might lead to war termina-
tion before vertical escalation,

CDOR James J. Tritten, USH

NAVAL SUBMARINE LEAGUE

THE VOICE OF

THE SILENT SERVICE
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innovation

The LLS. Navy's Fleet Ballistic Missile
More than o/quarter century. of
pirechve deterrence.,

=vlockheed
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DISCUSSIONS
THE HEXT STEP FORMARD

The world is in tha midat of a data
explosion. Ho longer is it the one who has the
most toys at the end who wins, but ratheér the ona
with the most datm.

The predecessors to today's submarine [leet
had +to process only 2 very seall amount of data,
this being limited to wvisusl sightings. short
range radar, infrequent radioc communications and
limited frequency band sonars. The onboard
equipment was not very sophisticated:; requiring
that only & limited amount of relerence data be
readily available. In contrast; today's nuclear
fleat hes a plethora of data not only to proceas,
but to atore as well. The complexity of the
modern nuclear submarine itself requires a wealth
of technical data to be kept handy at all times,
in order to maintain the ship and crew combat
raady,

The astorage of all this data has ot kept
pace with the technology currently availabla, Ho
lopger 1s valuable space required for storage of
bulky, reel to reel recording tapes onboard a
supmarina preparing for deployment. Cabinets and
safes f[illed with penuals of various sorts can
glac be eliminated., Optical disk storage systems,
whioh have been in development for over a decade,
gan now adequately handle the data explosion &t
aaa.

Juat one 12" optical platter holda up to
3,000 million characters -- the equivalent data of
15 magnetic storage tapes. Two cubic feat of
opticel disk storage apace replaces 32 cubic feet
of tape storage. Data can be packed on a diak at
up to 2,000 bits per inch. Current progreass in
optical disk technology is expected to double thia
storage capability within the next few years.
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Optical disk storage has other added
benafits. The typical military data reocording
rate for tape systems is 30,000 thirty-two bit
words/sen, The best recording rates for current
systems is leas than 200 Kbytes/sec. Optical disk
systems can achieve a storage rate well in excess
of 300 Ebytesa/sec. The optical digk error rate
can be held to less than 1 in 10 bits. The
optical disks themselves are very easy to hondle
and use. They have very little risk of becoming
contaminated and are not affected by magnetic
flelds. They also have a typlcal shelf-1ife of
greater than tem years, with some manufacturers
claiming up to a 100=-year shelf life.

The more popular optical disk systems on tho
current market are called WORM asystema. These
optical disks can be written to only cneae, but can
be read back many timea, Thus, opce data ia
placed on these diaks, it cannot be erased or
changed. However, the data can be updated through
the use of pointera which link groupa of data,
thereby allowing the addition of new Ainformation
to old data or using new data entirely 4in Aita
plage. Thia leature provides a convenlent audit
trail for data which is frequently updated and
vhich requires a hiatorical reflerence,

The Interactive Coampaet Disk can ocontain
text, audio and wvideo 3stills. It bas tha
capability of indexing and searching. Just one
5 1/8" diak can hold up to 120,000 pages of text.
Significant printing costa could be saved by
converting to an optical diak library. The coat
to make one of thesa disks with data ia
under 3250, The cost to print 120,000 book pages
is well over 34,500. Juat a amall box of Cthese
disks ocould oconceivably replace eveary sanual
onboard a subsarine.

¥When &an unknown oontact appears in the

erosshalrs of the perisoope & few keywords whioh
desoribe the contact can be typed into B computar
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kayboard, Almoat immediately a graphic picture 1a
displayed, along with textual descriptions of
ayerything ocontained In the optical diak system
detabase which matches the inputted keywords. By
sorolling through the graphics, the one which
matches the ocontact can be spotted easily. A
graphic display makea it easier for a larger
nupber of people to view at the same tipe. HNo
longer will there be a mad acramble to find the
proper dooument in order to identify the ocontact
nor is wvaluable Eime wasted looking through
raferencoas, Only a limited numbar of recognition
features can be utilized by conventional doou-
menta, whereas in an optical disk system an almost
unlizited number of keywords can be utilized to
identify a contact,

The wvery time-consuming task of documsnt
paintenance 1z eliminated with an optical disk
system, Whenever the ahip pulls into port it
gimply turne in its entire set of optical diaks
for 2 new, updated set. The old disks are either
updated by tha shore facility, if' space remains on
the disks, or are deatroyed. Accountability ia
greatly enhanced, eapecially for classified docu-
menta, Classified destruction is simplified. The
oosta of mailing and tranaporting thess docusents
is also aignificantly reduced,

The space saved onboard oan be put to much
better use., Shelves no longer need be cooupied by
documents which are rarely (if ever) used during
an entire deployment. This new-found space can be
utilized for additional crew comforta. The wery
fact that optical disks hold so much information
means that more data cen be carried onboerd than
ever before. Extensive crew training programs can
be placed on & disk.

This syatem can also be easily configured for
slmultaneous mulbipla wuwsera, One ayatem can
supply the data needs of the entire sahip through
strategically placed data terminals, Existing
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syatems ecan be oconpected to this elsborate
databasa, Word proceasing systems now can have
not only a complete dictionary and thesaurus to
reference, but also an extensive library of
graphics for onboard desktop publishing. Crow
members also are relieved from the burden of
looking through dindexes (should they exiat) of
sevaral different documenta to find the
information they require, Just a few inputted
kayworda apd the system doea all the asarching at
a graatly accelerabted rate.

Technology is rapidly ocreating a paperless
socleby. Tha  submarine oomsunity should be
leading fthe way. Having the most data only
ensures a win il ocna can readily acoess it An
optical disk storage system 13 the next atep
forward,

Richard D. Lanning, Jr.

JHOUGHTS FROM THE ORAL HISTORY
of

CAPTAIN R. B, LAHING, USH(Ret,)

At the end of WWII, the WNavy wisely ocollected
all the good ideas they could get from anywhere
and bullt them into the "Fast Attack™ olass of 6
submarines. I waa commisaloning CO of HARDER 4in
'52 and had a fascinating time with a faster,
deeper diving, asnorkeling subparine with nowvel
sopar; fire control, 1,000-volt electrical ayatea,
no=bubble torpedo ejection syatem, powered torpedo
and mine handling system, Improved environmental
controls, hovering aystenm, improved shock
protection, better sireamlined hull, more

maneuverability, and compact high speed diesel
generator sets,

In the complex geometry of these submarines

it is pot surprising that the use of full-scale
wooden mock-upa allowed hundreds of changes prior
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to inatallations:. Theae involved changea in pipe
and wire runs and equipment locations to allow
cperator access for operation and repair. Early
arriving commissioning crew pembers were the ones
who identified the changes needed., Perhaps modern
computerized deaign ecould obviakte the need for
these expensive mock-upa.

Many of our new systezs ocould be tested only
in an operating subparine and we Iidentified
hundreds of necessary alterations. For example,
the piston driven torpede ajection syatem 80
jolted the torpedoes that batteries were crushed;
the aystem would not work at apeasds of over 10
knots becauvse hydraulis pressurs on the pose of
the torpedo pushed it againat the rotating stop
bolt preventing oparation; the system was also
very lowd, Electrical transients plcked up by the
starter ocontrol clrouits could atart the torpedo
engine in the tuba in port, as happenad in
TRIGGER. Fapid brush wear in the 5 KVA motor
generator set evidently waa due to freon leaked
from the air conditioning ayatems. The 400=cycle
IC electrical ayatem and the 3,000 psi hbydraulic
ayastems were generally successful im providing
eore ocompact and faster acting Iindicatora and
actuators. Greater oare in fabrication was re-
quired, in these aress we derived such benelit
from experience in aircraft.

The 1,000-volt electrical syatem produced
some puzzling pyrotechnica. The beats preceding
HARDER had all made shakedown cruises in calm warm
southern waters; so I tock HARDER into a monatrous
porth Atlantie atorm. Intuition drove me to
invite along the leading electrical engineera from
BUSHIPS, Az seasick as they were, they wers very
helpful when we lost all power 13 timea with
cirouit breskers blowing ocut of sequence and 8-
foobk arcs Jjumsping out of propulsion econtrol
cubicles, It turned out that the main problem was
that the new type of wedging used between cells in
the battery well allowed the cells to work in the
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heavy seas, loossning the celltop seals and
allowing electrolyte to cause complex grounds the
effects of which appeared all over the boat, The
BUSHIPS peocple saved me probably bundreda of
shipalt requests. In similar fashkion, we later

made 100 ohanges in the torpedo ejection ayatem
without a single shipalt request.

The Mc 101 Fire Control 3Syatem was, to pe, a
very weloome addition ip that it provided wery
rapid rate-control fire control analyses as had
the anti-airoraft director dcomputérs with which
I'd been earlier connected in oarriers. Further,
the system allowed bekter use of ackive sonar in
fast moving dog-fight situvations. These computers
contained Jlarge numbers of analog cirocuit boards,
The theocry was that we would carry a few spares
onboard and ship failed boards back to Arme for
repair and return. However, when the MTEF (Mean
Time PBefore Failure) turned out to be asbout 1
bour: I ordered sets of dentista tools and set up
on=board repair,

These weaknesses were later fixed. and even
later digital systems were developed.

30 far; what I've described in the "Fast
Attack™ class were interesting (if vexing) prob-
lems to seolve in providing much improved
submarines, and leading to aystems in future suba.
How I come to the Maln Engine Cenerator sets ef
the Propulsion and Charging system, Here, there
are many lessons to be learned.

In hope of meking the submarinés of the "Fast
Attack™ olass more compmact, OM amd Fairbanks-
Morase had been paid to develop engines of about
twice the RPM (1500) and power density of the WWII
engines of 1500 HP. OM came up with a pancake
radial engine with generator suapended underneath.
It was very coppact, Fairly sceoessible, vulnerable
ko oil seal lesks into the generator, extremely
loud in the engine room (over 120 decibels), and
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with a HIBF of only 2 few hours, 83 unknown
vibration eflects and high speed tore the engines
apart, (4 in each boat). More than once, &
submarine lay dead in the water with all engines
out, as orews valiantly raced to repair them
bafore the battary went dead.

A Aimilar eaxperience wasE had with the
Fairbanks-Morse slightly larger engine (3 per
boat} which were conventionally mounted and not
very accessaible. Almoat every part of the engine
was wvulnerable and the spare parta flow was
inoredible. We were f[ortunate that mno fatal
aocidents oocurred though there was one almoat
tragie inocident. TRIGGER (GM engines) wWaS
alongside State Pier, New London, next to HARDER
one night, oconducting a battery charge, when
suddanly thers was an anormous airen=1ike roar as
an engine went into overspead in & few seconds,
Only the imsediate response of a Firat Clasa
Elsotriciana Mate saved the ship from an
exploaion. After 48 houra of continuous inveati-
gation {we had to assusme that all the class were
aimilarly wvulnerable) we found that a 10 a=pere
fuze in the battery compartment had blown. It
turned out that this fuze controlled the cirouit
which oontrolled the reverase current relay pro-
tecting the engline-generator fros being motorized
by the enormous 1,000-volt battery. I later con-
cluded that the kind of analysis conducted by
puclear reactor saleguard studies would have
detected this error in design.

Worthy as these efforts at engine development
had been, the cost in operations and repair and in
eventual re-engining all the beoata was very high.
It would have been mush bettar to spend the effort
in development and testing in a shore based proto-
typoe, before installation in the boats.

A characteristic ol these power plants worth

considering is that they were not unitized like an
airoraft engine, Each was in & room surrounded by
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a maze of pipes, tubes, wirebanks, wvalvea, gauges,
and levers with accesaories spread about the room,
Men watched gauges and reached for valves and
lavers and awitohes, Accesaibility was peeded
all around for maintenance; not to pention repair.
There was no computerized data recording or diag-
nostlc analysias., Men recorded reams of readings
every 15 minutes — these useful only 1in case of
failupe analysis. There was no auvtomatic sequenc-
ing of start-up or shut-down through resotely
cperated wvalves and switochea [rom computerized
central control,

Many, but not all, of these leasons warse
applied to the development of the nuelear propul-
sion plants for surface ships and submarines,

Now to some lessonzs from nuoclear powar
development. In those daya, and now, thers
operated the theory that a  high command,
established "HRequirementa™ on the basis of which
"FPeasibility®™ was eatablished by funded atudy.
But how could a requirement for an advanced aystem
bo established until a feasibility had been ahown?
This leads to a paralyzing logical ocircularity
which has repeatedly hurt the 0.5. in its hi-tech
efforts. An arbitrary input is required aithar
between [easibility and requiresent or between
requirepent and [eaaibility. One of the main
useful funotions of Admiral  Rickover was to
provide this arbitrary input. It may ba that
DARPA can provide this for fuel-cell submarinas.

Ba collected a staff of wvery bright, tough.
dedicated officers and civilians and ran a very
Egntrﬂli:ud operation, With all this centraliza-

on, however, he delegated enormous initiatives

to a large number of naval and contractor
personnel.

He dido't have to go on the cheap. He

insisted on full sized land-based prototypes,
extensive teating: realistic training, rigorous
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safety ' analyais, and rigid gquality control. He
used the =afety Iissue to maintain ocontrol.
Communicationa were frequent, dense, and tightly
roaviewed with dedicated sources at each activity.

There was & black Thuraday emergency at the
ETR prototype in Idaho early in its history, when
the reactor was slowed by an unexpected build-up
of a neutron absorbing Cission product., There was
another when "erud® was found to be built up in
tha prisary loop. In sach case the resction was
swift and massive and soclutiona scon found, When
a steam pipe failed it was found to ba seamed
tubing inatead of seamless as apecified. Then it
was found that inspeotion waa an wunreliable
indicator and that gquality control was a preblem
throughout U.8. industry. Adeiral Rickover selzed
control of all the output of & steel mill and
changed all tubing in all hia planta.

In the SEAWOLF liquid metal cooled plant it
was found that with the 347 stainless ateel tubes
used in the primary system, there was not only the
threat posed by chloride atresa corrosion produc=
ing rapid cracking found in the water planta and
requiring rigid water purity apecs, but also the
threat of aimilar cracking produced by the high ph
which might be produced by a leak of water into
the liquid metal, One effort to avoid this was to
subatitute mercury for HAE (liquid sodium) in the
heat exchanger third fluid systems. For our one
plapt; we used the anpual 0,3, production of the
sodium which proved impoasibly toxiec and dangerous
ko steel.

The liguid sodium cooled reactor plant was in
competition with the high pressura water ocooled
plant. Tha s=odium plant had pany pobtential
mdvantages including greater potentisl for
unitizing and the fact:; ma 1t turned out; that the
sodium is puch less reactive than water at the
temperatures and pressures used in the water
plants. In the total operation of the SEAWOLF

59



plant; nothing had to be added to or removed from
the primary fluid whereas water chemiatry in the
water plants is of concern every watch. A dis=
advantage of sodiom is the higher level of
radiation arcund the primary loop for some dayas
after shutdown. Separation of primary and sacon=
dary fluida was puch more important and freezing
in the wrong places had to be guarded againat.
The @zocdium plant bad the further advantage that
higher temperature steam could be produced and
that the pressures in the primary loop ware much
lower,

A further advantage of sodium was that the
intermediate spactrum of neutron energles was much
more favorable to breeding fuel. Progress in the
ayatem might have helped the nhﬂ developsent of
braedars.

Oood engineering and quality control oould
have kept the scdium plant compatitive,; but thera
was one very basio diffioculty; the 347 stainleas
ateal tubes which had fo be used had & high
ocoefficient of thermal expansion and relatively
low thersmal oonductivity with the result that
temparature waves in the excellent thermal
conductor sodium, thersmally stressed the atesl and
tended fto orack it unless closely controlled.
Water plants won the competition.

I won't go into the arducua task of
developmenta of the speclal welding required and
its Ainapection, the msetallurgy of ziroconiums
bearyllium, hafnium, and boron; and many othera.

When & atudy of Korean War Jet r[ailures
showed that most were caused by fallure of
fasteners whiesh then went through the engines, ADM
Rickover decided that all fastenera had to be
captive in the primary loops and in many other
places, The Iingenuity of eongineera here wWaa
regarkable and isportant, and probably wwill be
important for fuel ocell planta,
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The wearly nuclear planta were  heavily
instrumented and automated in coolant [low/powar
level, rate of reactivity change, varlous sorams,
and emergency cooling. Cumberaome magnetic
amplifriera preceded digital computera; and the
steam sides of the plants were conventional. The
steam systems were distributed arcound an engine
room and not unified as in jet enginea, With
individual pumps ete,, separately scund and shook
mounted, self nolse was atill excesaive and
rafting had later to be used, Large crewa are
required for operation, data recording, routine
maintenance, and repair.

It may be time to reconsider a high-low mix
of attack submarine types in the U.3. Fleet, In
the past the only alternative had been disasl-
electric submarines and this was rejected,
However the apectrum of cholices is now broadensad
with scme of the npew Fatmoaphere Iindependent
propulsicn™ ayatema being developed in foraign
submarine constructicon yards -- closed-oycle
angines, fuel cells.

Clearly the next generation of "conventional®™
submarines will have greatly Iimproved operating
characteriatics == particularly long subsarged
endurancs,

By far the moat attractive alternative is the
diesel-slectric nuclear hybrid submarine, tha
=55n": or the "budget conacicus nuo.® Recant
ressarch and development in Canada indicatea that
it may be feasible to develop & small; low-cost
nuelear reactor which can be installed in either
new construction diesel units or backfitted dinto
some clasaes of existing conventional submarines.
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A Canadian company, Energy Conversion Systems
Ino., in the late 1970a was contracted to develop
& very almple, low powared (100KWe) noclear
reactor for a research submersible. The reactor
syatem was designated, Phutonomous Marine
Fropulsion Systeg® [AMPS-C),

Although the resesarch submersible program is
not yeb completed, this work emcouraged ECS to
consider an enlarged wveraion of thelr resctor
design. Designated AMPS3-N, it would have the size
and power capacity to be suitable for imstallation
in existing diessl electric submarine designs.
This would be done through extending the hull of
existing or new design submarines by about 26 feet
and adding about 250 tona of waight.

EC3 did a computer study of the estimated
performance of an AMPS-N installation in a modern
diesel electric patrol submarine. The design
chosen was the German 1700 ton diesel submarine
"T=1700." The 500 KWe AMPS-N gave a sustained
submerged speed of approximately 8 knota while
kesping the submarine battery fully charged and
carrying the sub's full "hotel 1load"™ power
requirements.

The copputer model study also showed that the
addition of the AMPS-N installation would only
ipnorease the cost of a T-1700 by 2083 —— less than
200 million par ocopy. Roughly five hybrid
veraions of the T=1700 could be acquired Ffor the
same price as the lateat U.5. npuoclear attack
submarine,

ECS has also done some similar estimates on
Fitting & slightly uprated version of the AMPS=C
intoe the well known Type 209 submarine (1,000-
1,400 ton) which was designed by IKL with many
built by HDW in Kiel, Germany.

While npo AMPS systes has yet been built,
tests of many of 4its technological "building
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blocka™ have bean conducted. Ho real resolution
of the claims made for this system can be achieved
until a full size prototype is conatructed and
tested. But enocugh encouraging preliminary data,
podeling results and full scale component teating
exist to suggest that this would be an important
and wvalid pnext developmental atep.

Fitting a small nuclear reactor to a modern
diesal electric submarine deaign can offer a
formidable operational capability. Contemporary
diesel electric submarine designa are very
gdvanced in every respeat =- but they need air-
independent power plants. Standard reference
publicaticons on world submarines give the T-1T00 a
maximum submerged speed of 24+ knots. Of apecial
intereat is that this 1700 ton submarine haa a
crew of only 30, This ssall crew aize ia due to
advanced automation of many shipboard functions,

New submarine sensors and weapons, developed
by several navies; glve all peodern submarines
significant stendefl capability when making
attacks. In this way speed and range advantages
of opponents can be neutralized by the less
capable S31.

The whole idea of technology developmant of
air-independent ongines has been to prolong the
tima submerged without having to come up for
anorkeling. However, each of the systems noted
sarlier require on-board fuels which limit mission
length. On the other hand the small nuclsar
reactor, asach as AMPS=N, does not have any practi=
oal operational restrictions with reapect to fusl.

How would a high=low mix of S53N"'a and S3g's
support the submarine miasion roquirements for a
large nmodern navy? Clearly the 35RN's would bea
optimum for open ocean and distant ocean opera=-
tions where speed; more sophisticated systems and
endurance are reéegquired. The 33g oould be used for
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pperationa whera these factors wera lasa

Important.

Some examples of missions would be:

o Choke Podnt Patrols, This would wean operating
in the vicinity of atraits and other restricted
transit areas where enesy submarines and surface
ships might be expected to pass. If the 3535p
required to quickly cleose g target it could use
its battery to achieve speeda sufficient fop
this purpose. In case of a combat situation,
the submarine's atandoff weapons could make up
for any significant apeed differencea between
the 330 and the tranaiter,

o Under Joe Opergtions, This is also an area of
submarine operationa where eodurance, stealth
and geod sensors are more valuable than high
apeeds.

o Antiship COperations; The hybrid submarine would
be guite effective against epemy shipping in
logisties interdiction, as well as againat lesa
capable warships.

o Special Warfare Operatiops. These missions
would d4involve tha oovert use of underwater
swiomera (i.e,, the DEN SEAL teams) who would be
launched and recovered nearshore off enemy
coastlines. In addition the 350 would make an
excellent platform for intelligence gathering
cperationa.

There are undoubtedly many more misaiona that
could be undertaken by the 33n; these would become
more evident as these submarines ocame into
sarvioe,

There are difficult questions thet must be
answered in developing this type of reactor and as
power levela ore increased. their relative
aimplicity will be rapidly reduced. Techniecal,
oost and safety tradeoffs must be atudied more
closely. Lirfetime support oocats for thesa
reactors, including diaposal of waste materials,
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maoat ba [actored inte gverall cost projections.
But encugh data exiata at this point to atrongly
support the development of a full scale land based
prototype with subsequent Ainstallation in an
existing submarine hull if the prototype meets ita
design apecifications.

It's important to note that the world'a baeat
submarine may not be needed for every Navy
misaion. Also it may not be affordable in the
nambers necessary to cover eavery misalom
requlrement . hecalling the worda of tha great
airpower advooate, Alexander de Seversky.
"Quantity 1is itself a quality.™ This may be the
case for USN planhing as it oonaidera its
submarine mission requirementas for the 21at
Century.

Clearly it is time for the 0.5, HNavy to
reconaider whether or not it could benefit Ffrom
having a high-low mix of attack subparina asaata
consiating of SSNs and 33pa.

Dr. Don Walsh, Ph.D

Editorial Review Board Comment: The Haval
Submarine League'a policy is not to prohibit the
publication of articles that express wvarious views
or perceptiona if the article ia subatantive 1in
oontent. This publication in no way should imply
HSL sanction or endorasement.

It is well dooumented that the Iintroduction
of certain polymer substances into & turbulent
boundary layer results in a significant reduction
in flow noise. This means that the detectability
of the submarine is reduced in those fregquencias
where the flow nolse is reduced. Further: the
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reduction of {low nolzes permits the submarine to
move &t iporessed speed while painteining ita
listening ability. This inorease in guiet speed,
a3 it is called; results in an increased search
rate. The search rate, which is the product of
the forward speed of the submarine and twice Ethe
detection range, may be Iincreased by use of
polymera through a combination of two factors,
Firat, because the detection range is inoreased by
the preduction in self-poise, the search rate is
increassd with no increase in platform apead.
Secondly, the reduction in salf-nodise at the
original search sapead allows the submarine to
search at a higher speed at the same limiting
salf-poisa leyel previousaly experienced at the
lower spaed. In both casaa the search rate is
inoreased. The maximum search rate will ooour at
an intermediate speed between the two.

Although a linsarized model is not exact, AF
the wmoctual wvariation of detection range with
platform is a monotonically decreasing function,
than the qualitative conclusions drawn will
partain,

The importance of the [loregoing discussion is
thaet the utilization of polymer additives to a
submarine's boundary layer not only affords
enhanced search capability but alsoc afferds that
capability in & range of apesd options. thus
enabling the listening platform to adjust itas
listening capability at or above the msaximum level
achiasvable without polymer,
W.J.R,

SXNTHETIC TARGET MOTION ANALXSIS

Conventional target motion analyais (TMA)
reliss Tor the most part onm regressive technliquea
(modified by Kelman filtering) for contact
solution. While generally robust, even low levels
of data ocontaminmation will frequently result in
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significant error, and even solution divergence.
This artiecle outlines a revolutionary target
motion analysis technigque. The synthetie solver
(SYNSOLVE) pressnted here is intended to provide
rapid (two legl, acourate solutions to primary and
sscondary contacts when more conventional solvera
are aither not available or fail due to mathemati-
ocal difficulties, Developed during a recent
deploymant on 053 LA JOLLA (SSN T01) when fire
ocontrol saystem problems threatensd the ahipa
mission; SYNSOLVE was found to ba both usar
friendly and capables of providing reasonable aolu-
tiona to mosat non-maneuvering targats,

Fundamentally, the solver relies upon the
generation of asynthetic bearings arrived at by
bearing rate extrapolation. Huch like the
Spiess; modified BSpless; or Darby ranging. the
solver devalops target ranges based on flotitiocus
bearings. Unlike the methods mentloned sbove,
however, the solver provides course and speed
eatimates by regressing on a number of ranges
developed over timse,

Conaider the following example. Dun ahip ia
on course 045, speed 10 knots. A contect is
gained bearing 000, Over the course of three
minutes, the target's bearing rate is estimated to
be left one degree per minute. At the three
minute mark (target now beara 357) own ahip turns
{inatantanecusly, for simplicity) to new oourse
315, apead 10. Thres minutes later, at time aix,
target bearing rate on own ship's new courss ia
estimated to be zero (target bearing 357). I own
ship had remained on it's initial ocoursa of 045,
target bearing at the six pinute mark would have
been 354 (this assumes linearity in bearing rate,
an assumption to be disocussed at a later time),
In other words, twe lipes of bearing are now
available at time six, They are the one actually
measured (357), and a synthetic bearing (354)
generated by a bearing rate extrapolation. By
aolving for thelr intergept point we arrive at =&
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target range at time six. This is in essence the
mechanics of synthetic ranging.

It sbould be obvious that similar ranges are
available for time aeven, eight: and so on. Ir
the linear bearing rate asasumption were walid,
then aimply regresaing on these range/time paira
would result in oontack solutlion. What may nokt be
quite 80 obviouz is that synthetic ranges exlist
for times prior to the firat own ahlp paneuver.
Uaing the exapple described gbove, these synthetlo
ranges are developed as follows. At time one, the
measured target bearing (359) 4is available. A
second bearing can be gensrated by extrapolating
the asecond leg backwards in time to estimate the
synthatis bearing at time one. In the example
outlined above, this would be 357 (zero bearing
rate with a measured bearing of 357). Thus at
time one (and all times prior to target mansuver)
aynthetic ranges are available. By regreasing on
2ll of the triplea data (range/bearing/time) a
synthetic solution ia develcped. If appropriate
corrections are made for nonlinearity effecta in
bearing-rate eatimatea, this estimated solution
should rapidly converge to actual target aolution.

Weighting Scheme

Considering the realities, it seems resson-
gble to develop scme sort of scheme which
reccgnizes the wvaricus problems and ia able to
estimate intelligently the value or weight each
data triple should have in the regression.

Our ability to model this accurately ia
highly depepdent upon the level of noise presant
in the measured bearings. Unless this noise level
is extremely low, or the time over which bearings
are messured during a single time motion analysia
leg 1is extremely long:; eany attempt to determine
the approprigte coefficlents would be fruitleas,
Since present sensors are incapable of providing
the requisite level of bearing fidelity (im all
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but the beat of accustic conditions) we must
explore alternative solutiona to the non-linearity
issua,

Ope option would be to collect data only over
those periocds where the lipear approximation 1s
relatively accurate. This presupposss that the
observer 1is cognizant of the engagement geometry
and i1ias thus ocapable of determining when noo=
linearity efTects might be pinimized. Another
option would be bo extend the synthetic own=shipa
track out a wvery short period of time, fthus
obviating the need to perform non=-linearity
corrections. In this case, the short baseline
formed by the extension will itsell yield Iinacou=
racies due to algebrale intercept considerations.
Again, ir the observer knew of the engagement
geomstry, he could intelligently estimate when
non=linearity effects |tbecome an overriding
Soncern,

It appears that any ressonable pethod of
performing non-linearity corresctions will rely on
some sort of precognitive knowledge on the part of
the observer. It is here that the aynthetic
solvar provides strangths not available through
pore conventional methods, Since the solver will
not begin to produce solutions until after the
peoond THA leg 1a commenced, weé have available a
variety of range estimpateas (Ecklund, oross
bearings, ete,) with whioch to filter the synthetic
ranges intelligently. With a wvaristy of
statistical data bases indicating that target
apeed ocan be reascnably pre-supposad by a point
astisate, we are left simply with choosing that
target oourse which results in a worse case error
equation and adjusting our weighting scheme
accordingly.

Included Aintercept angle:

As the inoluded intercept angle decreases,
the sensitivity to eithar real or fictitious bear-
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ing error increases. Errors in either real or
gstimated bearingas lead to large errors in
synthetic ranges. Since,; in general, a amall
intercept angle may be directly related to a short
synthetlic baseline; 1t would appear that longer
baseline extensions should be welghted more
beavily. Thia Jline of reascning ia counter to
that wused in ocur discuasicn of non=-linear bearing
rates,

Artificial Intelligence Module

It dis apparent that inatead of the lack of
information generally associated with conventlonal
THA methods, SYNSOLVE suffers from an abundance of
target triples (along with ancillary data). The
integration of data necessary to produce a moat
likely target sclution indicates the need for an
adaptive statistical data base; one capable of
recognizing the many idicaynorasies of the various
data points and, ecoounting for the vagarias of
the particular fire control party, producing the
regquisite target solution. Ganerally referred to
a3 Artificiazl Intelligence; thia podule would
consliat of & comprehensive date base and aaso-
clated weighting scheme, making it capable of
objective evaluations of proposed soluticns. In
addition, 1* would recognize the expert rulea
applied by the shipa comsanding officer and thua
provide real-time subjective evaluation and modi-
Fication of terget solutions.

SUmmAry

The methodeoleogy discussed provides a revolu-
ticnary method of eatimating target solution in
the presence of noilze corrupted bearing inforsa-
tion. By providing continual ranging data through
the wuse of synthetiec bearings, target solutiona
are continuously uvpdated and refined. Tha =olver
ia sensitive to a range of peasuresent and
geométry spagifica and relies heavily upon a
weighting acheme to provide for a robust regres-
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sion. In addition, the cognitive analyals of the
data triples will probably require the utilization
of an AI module to ald imn both objective and
sub jective evaluation. Implementation on the
atand alone HP-9020 coaputer would provide a firat
cut evaluation for this solver and is recommoended
for an Automatic Data Entry configured aubmarine.
LCDR P. Kevin Pappe, USN

SOVIET SUB DESIGH BOOKS

Mr. Fayne has done 2 commendable job drawing
out several critical points about Weatern wa.
Soviet writings on submarine design. As Mr. Payne
aadly discovered, the Weat, in general, and the
United States, in particular; lack a credible
body of unclassified and publicly available works
on baslc and specific submarine desisn patters.

Today, the 0,5, Havy finds itaelf under fire,
both from within and outside its ranka, about sub-
marine developmeénts. Published reports imply that
our aubmarine designera are leaing the technology
edge to the Soviet Union. In fact, recent publiec
presa reporta even proclaim that the U.5. ia
loaing the submarine technology edge to othar
nations, such as Franoce, Japan, OSweden, Canada,
and West OGersany; nations who are reportedly
constructing submarines out of wvery high-yield
strength steels (i.e., Japan and France) and are
introducing air-independent propulsion systess
{Sweden, Canada, West Gersany, and Italy).

Az most historians and ressarcheras well
understand, Ainformation is power. But., when it
oomes to collecting, collating, crganizing. ualng,
and disseminating scme 80 plus yeara worth of both
classified and unclassified Ainformation on
subparine design, the 0.5. HNHayy has done a poor

job. The Soviets -- the JTrue Believers about the

T



role of submarines in naval strategy -- clearly
underatand that information ia powar.

Thera are anvnral-atriking things about the
relative cpenneas of the Soviet submarine design
publicaticn "machine®:

L Host Soviet submarine boocks are awthored
by active duty Soviet paval officers (few civi-
l1ians) who hold the rank of Captain 1at Rank or
Rear Admiral. Theae men almost always have the
U.8. equivalent of a Ph.D. in naval architecturs,
ayatems analyais, or parine engineering. Some of
these men often have the equivalent of two Ph.D'sl

. Soviet paval officers and odivilians
iovolved in submarine programs are prolific
writera, and obviously have the complete support
of their pavy when writing their thought proveoking
articles and booka. The volume of Soviet
writings on submarine matters clearly indicatea a
deaire to "get the word out™ to both Soviet and
foreign audiences,

. =gviet writinga dndicate an in-depth
FiEL=Par-A== il fils g ik=r=-1"L=F | '._=- =P E s = N i R
submarine design philosophy. wouldn't be aur-
prised to disacover that the average Soviet
submarine deaigners and submarine officeras are
batter informed about worldwide asubmarine
devalopmeénts than thelr Western oounterparts,
Ihe Soviets do nob draw the ling on what they
report about foreign submarine mattera, Thay
report everything that is published in the Western
open presa on  npon-Soyiet gubmarine topiga.
including information that might be conaidered
olassified if it had appeared in offisial govern-
pent reports, TYou'll rarely see a Soviet author
refrrring ko Weatearn writings aboot Soviet
submarine developments.

L

B Boyiet subparine writings reflect a great
assnse of national pride, especially in areas such
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as general design philosophy, ayatems analysis
approachea to design and oonatruction, hull
structures and materials, and weapona attack-
survivablility. Soviet submarine design bureavs,
along with supporting higher educational
inatitutions, are truly "jewela™ in the crown of
the Soviet Navy.

It would seem that the 0.3. is not going to
move f[orward rapidly on new advanced technology
submarine designs until it properly documents the
history of U.5. submarine designa and oparations.
Today's and tosorrow'a 0.3, submarine designera
pmuat understand where the Western submarine design
community has been, before theay push ahead. In
partiocular, peopls ashould underatand that many of
the ideas being brought forth today were in fact
expressed over 25 years ago by a handful of proli-
fie 0.8, paval officers and oivilian engineera
inyolved in 0.5, submarine programa. These m@men
pade the extra effort to axpreas, Iin n$Dumerous
professicnal journals and scciety meetings, their
ideas and visions about submarine deaign matters
and the role of the submarine in naval warfare,

The Fpld-timara™ are conatantly pointing out
how the submarine design community of the 1950a
and sarly-1960s was active, innovative, and more
risk oriented. The air was electrified becausas
everyona knew that the nuclear-powsred subsarine
waa golng to be the capital ahip of future navias,
Thera was a sense of working toward some deatiny
and being part of a team of first-rate reasarchers
and operatora.

It suffices to =ay that teday the U.S,
submarine design community isn't intellectually
bankrupt or devoid of ereative and innovative
thinkers, but they need the intellsotual
environment produced by an open foru= on
contemporary submarine design mattera.

J - J-I :I
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In order to increase submarine operational
availability in the face of significantly incress-
ipng coats and longer overhaul duration; the Navy
introduced the &SN Engineered Operating Cyeocle
palpntenance copncept. Application of this concept
bas resulted in extepding the time between major
shipyard overhauls from 43 months to the present
84 months for the 35K 594, 637, and 688 class
attack submarines. This phased inorease to an BA-
month operating oyele ewvolved from the early
19708; based on engineering studies, technical
reviews, monitoring of selected critical ship
systezs, and application of the resulting
engineered maintenance requirements to ensure that
thesa longer opérating pericds were [eaalble,
Figure 1 shows the SEOC operating cycle.

In 1984, the Chief of Naval Operationa re-
quested that Commander Nawval Sea Systems Compmand
review the current Bi-month cperating oycle to
evaluate the feasibility of inoreasing the operat-
ing interval between overhauls, A comprehenaive
technical feasibllity study was wundertaken that
included engineering analyasis of 1500 componenta
in 103 submarine systema; special at-sea testing,
and material condition assessment on cooponents
being overhauled. In addition, 55N 688a ayatems®
performance was evaluated by the Submarine MHoni-
toring, Maintenance and Support Office. As a
result, HNAVSEAR determined that it was feanible to
raplace the regular 18-24% month non-refueling
overhaul currently scheduled at the 84 month peint
with a 10-11 month Depot Modernization Perlecd.
This new availability is the key to executing the
new Extended Subparine Engineered Operating Cyole.

This ooncept was approved by CHO in April

1987 for the 38N 6B8a —- and S5SNs 700 through 718,
The oyele shown in Filgere 1 ia the maintenance
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SUBMARINE REPAIR ACTIVITY (SRA)
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and modernization plan for these submarines. The
major difference between the regular overhaul
eycle and the new extended operating cyecle is that
the non-refusling overhaul (ourrent average
duration of 23 montha and coat of $121,000,000) is
raplaced by a Depot Modernization Pericd (duration
of 10=11 months and cost of $65,000,000), This
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modernization pericd is a labor intensive, well-
dafined, closely managed avallability during which
modernization and essential saintenance will be
acoomplished, Unlika owerhauls, tha submarine
commencas the availability with a minioum of
deferred paintenance and no "open and inspect®
scheduled on systems/components which are operat-
ing satisfactorily (i.e,, "If it ain't broke,
don't fix it"). The same acope of modernization
as an overhaul is accomplished during the depot
modernization period.

DEPOT HODERNIZATION PERIOD PLANNING

Having werified the technical feasibility of
this oconocept, the next step was to establish a
series of monthly planning oonfarences  ‘that
started 20 months prior to tha first depot
modernization. Their objective was to identifly
all 4issues required to support the execution of
the depot modernizaeticn. There wers two major
results: numerous problems were solved; and
cooporation was Tfostered among all of the
participants in the procesa,

Conferences atarted so far in advance of the
first modernization pericd that the attention of
sapior shipyard panagement was focoaed on current
availabilities, Fortunately, tha Shipyard
Commanders, in advanoce, appointed planning person-
nel to the depot modernization effort, enabling a
team spirit to grow and to pravail. The results
were greatly enhanced by the teamwork and
coazunications that evolved.

The conferences led to apin-off mestings
which addreasassd apecific technical dssusa to
ashorten the modernization period's maintenance
durations. Sevaral examples includa:

= #air induotion diesel esxhaoat-valve f[lame-

apray wodification to be moved outalde of
modernization period;
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= apacisl hull treatment tile inatallation
procedure improvementa were implesented to
reduce time and effort; and

= it was determined that Weapons System test-
ing could be accomplished in approximately
10 weeks as opposed to the 16-28 weeks
experienced in overhaul,

The results were btypleal of the wide wvarlety
of other problem areas similarly treated. When Lt
was determined that the modernization point would
require a npew set of teat procedures, it was
decided that Gthe ashipyard would test only Ethose
components on which work waa accopplished. This
peant that the shipyard's Inactive Egquipment
Haintenance prograzs and the Ships-Force

Preventive Haintenance program -- which were
inadequate to support the depot modernization
requirements  -- were analyzed and & manual

developed to serve as 8 foundation for meking thes
responsive to this new conoept for submarine
ovarhauls.

DEPOT MODERNIZATION EXECUTION

The time line shown in Figure 2 prepresents
the countdown to the depot modernization pericd.
The combined Work Definition and Foreces Afloat
Meeting 1s held at A=13 montha prior %o tha
modernization start and ia the first opportunity
for the Joint review of the work packege by the
customersa, shipyard and Ship'as Force. Hainte=
nanca work is authorized by the Type Commander to
be included in the work package. ShipAlt plana
gnd material availability status is evaluated and
the ShipAlt package ia finalized and included in
the work package.

A pre=test period is scheduled six to nine
months prior to the depot modernization. It 1is
gonducted wunder the direction of the asaigned
shipyard and consists of at-sea (2-3 days) and in-
port (15=18 daya) portiona, The test pericd
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provides the opportunity to determine the material
condition of the ahip prior to the modernization
pericd with the goal of having the ship anter the
podernization pericd with a minious of maintenance
UnKnoWTS . A Deficiency Screening Conference 1a
held at the conclusion of the test pericd, It
sereens each deficiency with emphasis on thoase
which impact orew or ship's safety or mission
gasentiality, Those deficiencies which are within
the capabilitiea of forces aflcoat, are accom-
plished during the pre-depot modernization period
upkeep. The deficienciss beyond f[orcea afloat
capability are asaigned the depot modernization.
Threa test parioda have besen successafully conduct-
ed so far, Nearly 951 of the total daficienciea
identified were within the capabilities of the
forces afloat to resolve,

The depot modernization upkeep, acheduled at
2-8 ponths prior to the modernization start pro-
vides the opportunity to ensure that the ship
arrives at depot modernization with all asystems
operational. Hajor deficiencies not corrected are
evalvated at the Pre-Arrival Conference for inclu-
sion in the depot modernization as new work.

The ahip's force is extenaively involved in
the depot modernization. Crew training and certi-
fication requiresenta are the seame as for an
ovarhaul; though &the availability ia hall the
langth. The cospreased time requires intenaive
support of the shipyard by ahip's force. In addi-
tion, the ship's rCorce will retain control of
ship's systema, which remain cperational to the
paximum extent posaible., All in all, ship's force
aupport during the opodernization pericd will
closely resemble an SRA for intensity, only longer
in duration.

Although depot @modernizetions are well

planned, they are not without risk. Factorsz which
pan inoreasa the risk of delays inolude:
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= untimely changes in the repair of modearniza-
tion work package;

= unanticipated diversion of resocurcea due to
higher priority shipyard work;

= wunanticipated fallure to clear the existing
backlog of current work;

= unusual fiscal constraipts; and

= [ailure to control growth/new work.

CONCLUSION

The [irat depot modernization atarted in
October 1988, The stakes are significant: 1.08
billion dollars in cost avoidance already
realized; and 12 mponths of additional operating
time for each ship.

Supcess 1is achievable as the ooncept ia
technioally walid, The price to ensure success
say be at the expense of lower priority ashipyard
work ooncurrent with the depot msodernization.
Failure to mest completion time is the major riak,
but this risk has besn reduced by axtensive
planning. It is believed that the introduction of
this oconcept will have a far-reaching effect
bayond the current depot modernization progras.
The conocapt has also provided many technical deci-
sicns and resolved issues that will immensely
benefit the entire submarine forca.

CDR M, E. House, 03N
Mr. E. 0. Troxell

IHE LEGACY OF TULLIBEE
TULLIBEE was decommissioned on June 25, 1988,

after 28 years of service and 350,000 nautical
milea of crulsing.

Thus, as hear first akipper, I thiok it ia
time %o reflect on soms significant aspecta of



TULLIBEE design and operations. She had the
smallest crew —— originally six officers and [ifty
enlisted, eand with her sspaller reactor plant
producing 2500 hp, she was the sloweat (about 16
knota) -- but guietest at that time. Displacing
2640 toma, ahe was 272 feet long and had a
diameter of 24 feet.

Sha was the first to have the new family of
sonars with a sapherical bow array and torpedo
tubes at the aide of the ship.

She had many operational [irsts --= much of
whioh was olassified as she developed new ways of
uaing sopar and ship gquisting.

One wvery challenging problem was the
introduction of npuelear submarines to  the
Submarine Base, New London. We did have growing
pains developing the support function.

One of the most intereating aspects of
calling the Sub Base home was the challenge of
paking landings with a single screw ship whose
whole bow area was very tender. We would head
directly into an ebb current and deliberately
touch the hard side of the boat {(aft the torpedo
tubes) against the corner of the pier, then use
high power scorew bursts alterpating ahead and
backing with standard maneuver., At firat we used
tugs but were weaned away from them. In getting
undaryay, we oftentizes dropped the atern anchor
and lat tha current turn ua,

A real tieklish situstion was that of letting
Junior Officers meke landings. I solved that
problem by becoming the Conning Officar talker.
Ha coold glve any order he wanted. - o E
conaidered it safe, 1F went through the T MC
exaotly as he sald it with the telephone talker
repeating the 7 MC order. If I considerad it to
put us in an unsafe condition; I eutomatically
assuzed the Conm with my order. It was gquiet and
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provided freedom to the Conning COfficer without
any countermanding orders.

TULLIBEE had a turbo-electric drive which has
the promise of the quietest propulsicn ayatem
available. The rotating machinery generatora and
pain motora are individually scund isclated and
decoupled and can be run at varicus aspeeda, rather
than a great mass rotating at the harmonica of the
basic speed of the main shaft. The main motor can
be supplied from the battery much more effectively
than the emergency propulsicon motor found on
geared turbine ahipa. The turbo electric drive
was an operaticnal delight in quick reaponsa, Tha
only mass to be reversed was the main motor and it
was extremely fast, from full power ahead (200
rpm}l to full power backing was a matter of
ssconds, Emargency backing under simulated stern
plane failure was ocutatanding, and coming into a
pier was 30 puch easier. I repesber Adeiral Jack
MaCain being oo the bridge coming into Norfolk.
Swearing, Jack yelled out "You'll pever stop it;
you are going to ram it.® After a one bell
landing be said "Dapmit Skipper, I never thought
you ocould atop the E0B.® A heavy lsmediate back
bell with the wash against the rudder made landing
puch easier than the alower response experienced
in a gear driven ship.

With such a small crew, personnel management
had top priority, With our aasigned 50 people, wWe
oould stand wateh and man battle stations. Wo
were weak in in-port maintenance, We solved that
problem by adding a Graining allowance, In
affect; we bad a four section crew == of which
only three sections went to sea at one time. The
section remaining in port took care of schoola,
training: and leava, In addition; people wera
assigned to Sguadron or Sub Base activities, when
ship's requirements had been fulfilled. During
in-port periocds, all personnel worked on the ahip
== @ll four sections, The crew loved it -—— we had
a 100% reenlistment rate for three years,
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On board ubtilization was unigue. We would
uUse a peraon's eara on aopnar for a pericd of tima,
then rotate him to ship control or another station
utilizing his eyes or pechanical members. In this
panner, weé attempted to maintain fresh physical
sensea in the various jobs,

We did a let of ship control experimentation.
One of our standard transit conditions was to run
with the atern planés on zerc in emergency
control. The depth control was in automatic using
gall planes oaly and oneé person for ship contrel.
If there ware to be any fallure of the automatic
control; the stern planes could immediately over-
ride any elffect of erratic sail plane cperation.

I think we wers wvery fortunate in what
Admiral Rickever permitted ua to deo. I gqualified
Chief Patty Officers to the ssme standards as
Engineering Officers of the Watch., They were
subjected to the same examinations end questions
by ths Hawal Reactors team as were the ship'as
officera., They passed with flying colors and
became our mainatays upnderway. The only timea we
bad an officer in maneuvering were battle atations
and apecial sea details,

Sopar reasarch and development, Erial
squipment and operational tests were +to consume
much of TULLIBEE's early epployment. Lessons
learned were factored into new construction and I
had a great time developlng sonar improvemants for
FBM's while building HENRY L. STIMSON (SSBEN 655).
Much effort went into developing a good noise
environment in the hydrophone locationa, HMaterial
changes were sade in ships plating and structure
to change mnatural frequenciss outside of &
listening band and to chenge the Q factor of
resonances, Our own sopnar was used to moniter all
shipboard nolses and teke action to reduce their
effect on the sonars.
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TULLIBEE was used to learn many characterias-
tics of the inertisl navigation aystems.

The spherical array wes used in many
different podes to develop vertical angle
techniques, using bottom echoes and bathy thermo-
anvironmantal observations. The third dimension
had arrived in sonar.

Ome interesting operation took place in Exuma
Sound when Gthe sound measuring ship had a line
capght 4in her screw 23 & tropical storm set in.
She was drifting toward shore. TULLIBEE surfaced,
took a tow line forward and kept the ship off the
beach by towlng while backing down for owver two
hours.

In the operational area, people often
queationed the alower speed of TULLIBEE -- 16
knota. In my experience with the shipy I never
found that to be a real problem.

There are three kindas of apeeda:

1. Strategic Speed -- used to position the ship
in the ocean in deployment. High speed makea more
radiated noise and diminishea the capability of
sahips sonar. TULLIBEE did not suffer major reduc-
tion of sonar efficiency at her higher apeeda.

- Tactical Speed -- to approach targets, to
determine target aoticns, and to close to weapon
range, This aspeed can be utilized for passive
ranging., Taotical apeed becomes leas pecessary
where eaffective weapons are availlable. A good
waapon makeas tha pesed to aloss the target with a
ship and crew unnecessary. It was necessary 1o
the days of the Mark 14 torpedo, with its 5000-
yard range; but with long range detection and
classification, effectiva, lopg range weapons
should negate the need to jeopardize the boat and
orew by cloaing the target; unleas necessary for
other reasons.

BY



3. Fascape Speed - to be used in departing
aontast ares -- or to try to outren a weapon fired
at the boat. If long range weepons are used as
above, the need for escape speed is diminished.

TULLIBEE'a slower apeed would presult in
alower == but gquister -- deployments. With good
waapons,; it should not be a factor im tmcticsm. It
is questionable whathar it would be a handicap in
Bacape apeed.

bick Jortberg

A HAVAL SUBMARINE LEACGUE LIBRARY

The HNSL is collecting any and all subparine
gsspciated technical, fiotion and non-fiotion
written or wvideo worka. The MNSL Library ia
principally intended to ba a research library for
submarine history or technical projects for
researchers in the Washington Capitol area and to
be responsive to government or civilian inquirias.

It 1ia anticipated that the NSL library will
be open for business in about a years tise. Hra.
Helen Williama has wvolunteersd to serve as
orgenizer and Library Manager. HSL members are
enoouraged to give or bequeath their submarine
pssoolated written or video collections to the
H5L. The HSL will arrange for shipping and
handling, Those persona intereated should contact
RADM A. L. Eelln at (703) 256-0891 for additional
details,
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Aaron Thomas, age 9, the son of
FTBCS(85) Edward J. and Theresa Thomas, has
leukemia, There ia sufficient blood (Type A,
Fositive) in tha Blood Bank at National Naval
Medical Center (NNMC) for this initial phase
of his illpess. However; over the coming
year he may be hospitalized repeatedy. We of
the submarine family who are living in the
Washington area would like to assure Chiefl
and Mra. Thomas that a steady supply of Type
A; Positive blood will be available for
Agron. The Blood Bank st NNMC has said they
will cooperate with us in organizing a EgEroup
of blood deonors by notifying 2 coordinator
when blood deonors will be regquired.

The Bleod EBank alse saild they could
utilize Type O Positive and HNegative, and
Type A Hegative blood, @3 they can be
processsd to platelets vhich will also be
needed by Aaron.

Foza pnd Helen Willisms have voluntsared
te act as the coordinatora with the Blood
Bank and the Thomas family. Their address
and phone pumber are:

13704 Turkey Foot Road
Gaitheraburg, MD 20878
(301) 25B8-0921

If you can help, please send 2 post card
giving your name, address, phone number and
blood ¢type, if known, plus any pertinent
information to Foas and Helen. They will
paintain =& file from which they will notify
you when a donaticn is necesasary.
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In the July issue of the SUBMARINE REVIEW
there wes an articls by Ken Hart about the
autosatic submarine control syatem that was in use
in LOS ANGELES for a short time., This system was
designed, tested and inatalled in LOS ANGELES on
the expectation that it would be approved for wuae
in the clasa. The original concept was to provide
a highly relisble end comfortingly oonservative
system, programmed to carry cut maneuvera that
would mnot alarm the moak skeptiocal obsarver or
frighten the most timid. One of its CFfeatures
parmitted the operator to phyaically 1limit the
magnitude of the command signal transmitted to any
of the eontrel suorfaces, The wvendor of the
hardware, Autonetics, called this the "Variable
Authority Control System.™ Another Iimportant
featura wan the follow-the-pointer diaplay
{actually & moving point of light at the edge of
the rudder and diving plana angle=displaya) that
was intended to overpome the wideapread reluctance
in the Navy to turn submarine control over o @&
computer. This feature gave its name to the whole
syaten, galled the Alded Display Subsarine
Control Syatem, or ABSCS. This Alded Display was
driven through the computer using the same
glgorithm as the fully automatic mode; edapted to
account for the added brief delay introduced into
the control loop by the planssman.

There was an axtensive and thorough shore
basad test of the system to demonstrate ita
reliability and ita ability to ocope with a
horrendous series of simulated failures and
operator maloperations without putting the ship in
extremis. The system was installed in LOS ANGELES
shortly after delivery.
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The ADSCS was subjected to a formal TECHEVAL
froa 23 April through 7 Hay, 1977. The daployment
that rolloved during the shakedown cruize sarved
as tha OPEVAL. Both evaluations resulted in
favoreble reports, wikth the most aignificant
recomzpendations for change being to "spice up® the
overly conservative autopatic maneuvering
algorithm and to open the system behavior to
batter exploit the ship's capabilities,

In regard to the cocements of KEen Hart on the
lack of training, there was a factory training
program for officers prior to the installation,
and there was a well prepared set of dooumentation
aboard. (Since the installation was for TLE only,
there was no eatablished shore based training.)
The system was easy to use and easy to learn to
use, The design was such that failures would
result in the ayatem going into the OFF mode, with
a r[lashing indication on the Ship Control Panel
saying "Take charge of planes.™ Another deaign
featura of the fully automatic mode was that any
movement of a control eolumn or helm wheel of more
than a faw degrees would result in tha "Take
charge of planes®™ display end the syatem Gtook
itsell out of automatic. To re-set into avtomatic
réquired deliberate actions by the operater to re-
establish the desired operating constrainta. In
this respect, the design sacrificed convenience in
cperation for the assurance that inadvertent
button pushing would not engage the automatic
controller.

The saystem had an outatanding reliability
record during the time it was in uwae. Evan though
the system operated with only one of Ehe two
AN/UYE-20 opomputers that it was deaigned to uae,
its record was exemplary. It was down for

corrective maintenance only one hour in 185 days
of operation, much of which was in the asutomatie

mode.

It is interesting to note that there is atill
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a "John Henry® ocomplex at work in the submarine
foroe, reflected in the widely held opinion that
while automatic oontrol may be useful on longs
dull btransit watches, it cannot be relied upon at
pariscope depth in heavy seas, or in any other
demanding acenario. It is nonektheless a fact,
howaver such sentiment might wish otherwise, that
a @modern control system can "drive steal®™ better
than the beat of the "steel drivin' planeamen®™
withcut fatigee and without ccaching from the
Diving Officer. The benefits of real automation,
properly designed, tested and installed; cannot be
fully realized in the subparine foree until
conlfidence in its vtilization is as coomon as ia
the confidence in the contrels of the propulsion
plant,

Experience with the subparine control syatem
in LOS ANGELES lends confidence that the newer
coptrol system to be provided to SEAWOLF will also
be & highly reliable and useful ayatem.

Alfred J, Giddings

Kudos are in order for thoase involved in the
Paubmarinae™ sageenta of TV'a "War and Remembrance®
which aired Novesber, 1988. Rather than opt for a
lasa oostly and unrealistic approach to shooting
tha submarine scanes, Director Dan Curtis obtained
permission from the U35 BOWFIN Hemorial
Assooiation in Pearl Harbor for the use of S3-287.

BOWFIN loocks the same inaide and owt aa the
day her slesk hull slid down the ways. For the TV
production, BOWFIN was made surface operational
arnd readied to play her malor part in  the
television series. For the underwater segquences
of "Moray™, BOWFIN's fictional name in the Berman
Houk epic, Curtis called upon the Model Department
gt the studio to build an exact likenesa of the
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BALAC-glass boat. Scenes of her crulsing under
the surface; torpedoes leaving the tubes and
pinisture depth charges exploding near her hull
brought & fine sense of realism, All exterior
surfece and Iinteripor ascenes were shot uaing
BOWFIN.

Battle submerged and battle surface scenes,
along with the mttendant tension were highly
affective by all asctors involved as the ecrew.
Bafore the sub scenea werea filmed, actor Hart
Bochner, playing the role of Byron Henry in the
story, lived aboard BOWFIN for a few dava with
othar mesbers of the ocast. He also went out in a
nuolear sub 80 as to enrich the part he was tapped
to play., Huch of the suocess of the subsarins
socenarios was dus to technical advisor RADM Faul
L. Laoy Jr., USN(Ret.)

"War and FRemembrapnce®™ pays ocommendable
tribute to all who served at hope and abroad,
givilian and military alike. It is the ons
produation that has finally done justice to those
who went under the sea in boats.

Lerry Blair

SUBMARINE DESIGN BOOEKST

Mr. Renry E. Payne III's provooative article
in the Ootober SUBMARINE REVIEW is thoughtful and
timaly. I agree with hia ocall for a more open
technical literature to stipulate aritical review
of aubmarine deaign within the 0.5. technical
coppunity, to enoocurage innovation, and to promote
broader competition.

Appropriate military olassiflcation 18
aessantial, However, in the opaning months of

World War II, osur submarine force aaw the terrible
oonssquences of excessive secrecy within a closed
bursauoracy. If only we'd guesticned the Bureau
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of Ordnance's exclusive torpedo design expertise,
challenged the Hewport Torpede Faotory's produc-
tion and testing monopoly. and critically reviewsd
exploder performancel Had we dope B0, American
industry o¢ould surely have produced wespons with
perforsance and reliability equal to the Japaneaa
Long Lance Torpedo, and the Pacific War would have
besn ahortened.

Prewvar Iimprovementa 4in naval ordnance
institutions, budgets, and designa would have
changed the oourse of hiastory. If the duds,
prematures and deep-running U.S. torpedoea of 1981
to 1943 had been solid hita, our subparines could
well have decimated Japaneae seapower before the
bloody Ainvesions of the Philippinea, Okinawa and
Iwvo Jima. Technical stagnation. obsessive
secrecy, and & monopolistic torpedo eateblishzent
prolonged the war et enormous cost in lives and
dollars.

Are the lessons of 50 years ago relevant
today? Would wa gain or losea from more open
comparison of submarine GCechnology. design, and
performance in the 0U.5., Soviet and other navlea?
Should we epcourage American engineera and
submariners to debate alternative ayatema and
approaches to speed, endurance, warhead lathality,
sansors, ayatem reliability, coat, diving depth,
hill strength, damage control., habitability, crew
aize, safety, and other parametera? Could greater
technical openneas; broader institutional competi-
tion, and bolder experimentation strengthen our
aubmarine technology base, atimulate innovation,
lower coat, and theredby increase 0.3, technologi-
cal leadership? Or is strict secrecy within a
olosed eatablishment our beast policy?

Hr. Henry E. Payne II1'sa controveraial oall
for more open U.5, submarine technical publication
has marit. The potential benefita of P"glasncat”
are not confined to Moscow. The Navy should
liberalize classification policys and the SMAME

93



and USNI sheould stimulste more vigorous technical
discussions. A questioning HNational Submarine
League with an cutspoken SUBMARINE REVIEW can meke
major contributions to national ascurity.

Thomes 0. Paina

HoKEE'S AXIOMS

Shortly after reading Admiral HoEea's article
"Fundasental Principles of Submarine Warfare® in
the SUBMARINE REVIEW of Ootobar 1987, I conduoted
a aeries of wardroom seminars using McEee's
Principles™ as & basis for discussing the idea of
S5BN war-fighting axioms. I presented the axioms
we ocameé up with to VADM Bacon, COMSUBLART:; thia
Dotober, as a part of a deterrent patrol debrief.
Sinoe he showed considerable interest in the
source of the original axioms, I Fforwarded to him
g copy of the article.

For the Submarine League, this should be
considered a suoccess story. The REVIEW article
genarated serious thought and discussion
aoncerning topica of submarine war fighting that
apply to the rleet today.

CDR Steven G. Slaton, USH
C.0. USS HENRY CLAY (SSBN 625)

JAN_THE HEWZ2

o A spacial newaletter regarding the Haval
Undersea Musaum at EKeyport, Washington, aends the
especially good oews that a Federal Government
grant of $3.5 million for the Museum waa included
in the FY 1989 Navy Operations and Maintenance
Appropriation Bill -- aigned into law 1 October,
198B. Together with fundas already reised, the
nearly 47 million will permit complete conatruc-
tion of the facility except for the proposed
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auditopium &nd should have the Museum ready for
tourists "some time in mid-1989." Congresaman
Horman Bicks spearheaded thisa Congresaional
support. The npewsletter states that "at least
50,000 more funds will be needed to complete the
conatruction and outfitting of the auditorium."™
Also, thet the TRIESTE II arrived at Keyport in
August - and "signifies the Museum's stature as
the Navy's primary aite for the collection, dis-
play, and atudy of artifacta, dooumentation, and
other materiala asacciated with the underseas."

o Bavy Times of 10 Dctober reports that
the diesel-electric submarine BONEFISH waz retired
28 September, [ive months after a fire in the
submerged scvbmarine killed three orewmen and
forced the othera to sbandon ship. 0SS5 BONEFISH
was commissioned in 1959 and wea the laat dieasl
gub in the Atlantic Fleet. Three other diesel
submarines are atill in the Pacific Fleat.

o The TRIDENT Timea of 12 August reports
that a decommissioned deatroyer, the JONAS INORAM,
was sunk by a Mk-48 ADCAP torpedo on 23 July. The
test was tha firat live warshot {iring of an ADCAFP
torpedo and completes & rigorous year-long teating

program.

o Defepse News of Wovember 28, 1%88, im an
artiocle by Peter Adems, noteés that 3DI phase-one
planners are looking at submarines aa a poasible
basing meode for [Quture tactical ground based
radar. The concept pilotured, seea & submarine
with radar onbpard, surfacing at the time of
ballistic missile attack, "The radar would be
exposed; receiving the data froa sensors in space
== the data helping to disopiminate actual missile
warheads from the thousands of decoya during an
attack."”

208 ROTES says that the Norweglanzs have
nputtud a Soviet 16,000 ton SSEN support ship,
which is pow operational in the Barents Sea. "She
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is equipped to carry at least 16 S55-N-20 SLBMa for
gn at-sen reload of TYPHOON clasa SSBNa.®

(-} In the same i{ssue of SUB NOTES: an
article tella of a Norwegian Air Force plana
photographing a retrofitted YANKEE class submarine
in the Norwegian Sea. The YANKEE; formerly an
S3BN, bas been oonverted to a crulse pissile
carrying 336N "which may carry &8 high as 40 SLCMa
in the amidships missile compartment.® The YANKEE
was the test boat for the latest 5-NX-241 missaile
== with its estipated range of 2000 mm.

[, dlso, SOB NOTES mentions that RADM Bill
Studeman, USHN, "has said that the Soviet Union
continues to deploy CLUSTER LANCE acoustic arrays
along its Pacifie ccastline.® He also pointed ocut
that "the Soviets may be deploying ASW arrays
around their ballistic missile submarine cperating
areas in the Greenland, Barents and Kars Seas, In
addition, the Sovieta may be teating longer range
low={requency errays that oould be sounted on the
permanent Arctic lce pack."

o Goneral Dynamica World of October 18,
1988; announced the Mavy's awarding of 2 contraot
in Ootober to Electric Boat, for the 16th TRIDENT
submarine, This marks the second award of a
TRIDENT to EB in 1988 -- the contract for the 15th
being awarded in January, 1988, A competition
with Newport News Shipbuilding and Drydock Company
for three TRIDENTS was won by EB; =0 that EB ean
exercise an option for the 17th TRIDENT when that
contract is awarded some time in 1989. Congress-
man Oajdenson of Connecticut =said that this
gontract "is partiovlarly importent becauvse it
drives the f[inal nall into the coffins of thosze
who argued for & dual sourcing of TRIDENT subma=-
rines.™ It was also noted that the likelihood for
ancther contractor to complete the program for 20
submarines; other than EBs bhad become highly
unlikely.
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o HAVY HEWS & Undersea Teohpology of Sept,
19 reports that s ENACKEN-olass submarina fitted
with a closed-cycla Stirling engine was launched
in September and would commence sea GErials in
Datobar, The engine runs on liguid oxXygen and
diesel fuel. A EKockums source sald that he
expects the submarine to be capable of staying
totally submerged for two weeka.

o HAVY WEWS & Underaea Technology of Oct.
31y 1988, has an article by Stan Zimmerman
reporting that the French unveiled a submarine
design for a 231 ton submarine at their Expoaition
Navelle. The submarine, called the SAGITTAIRE,
is capable of transiting wore than 2000 nautical
miles end uvses an alr independent Stirling engine.
"One version has 6 torpedo tubea for torpedoes,
anothar version provides a pair of swimmer
vehicles allowing up to eight commandos to leave
the submarine undetected and return. (The aix
torpedo tube doors can be easily replaced with
doors [f[or the swimmar vehiclea). The "boat™ ia
about 100 feet in length and 24 feek in height.
Spead submerged is placed at 17 knots.

In the same issue, Doug Rekenthaler Jr's
article on the Canadian sale of nuclear submarines
(the S8n) to Turkey, placea the sale as
Pimpinent.” The sale by Canada of 5 nuolear
hybrid submarines to Turkey has bean approved by
all sixteen non-proliferation treaty (for nuolear
thinga) member nations, These submarinea are
designed by Strata Corporation of Nova Scotia and
use & low power nuclear reactor to continuoualy
aharge huge batteries which actually run the
submarine, Independent of the atmosphera, such
gubmarines offer "the autooomy of a nuclear sub
with the stealth of a diesel-electric.® The
Strata hybrid is not being considered as part of
the Canadian'a program for purchasing 10=12
nualear attack submarines (of either British
TRAFALGAR or French RUBIS type).
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In the November Tth issua of the same news
source, the French exhibited a composite propeller
for a submarine end demonatrated its lighter
waight than bronze alloy propellers; its reduced
agouatis signature, 1ts elimination of corrosion
and reduced megnetlioc signatures, its toughness end
its uniformity of manufactura. "We can make them
gll exactly Identical, and eliminate minute
differences that add to & submarine's acoustic
signature.” Using compositea (carbon fiber rein-
forced plastical, shows great promise for making
lighter many parta of a submarine: decks, bulk-
heads, external non-pressure hull plating, ahafta,
ete, However, for wuse in a pressure hull, the
degree of reinforcement necessary at penetration
polnts appears to be a distinct disadvantage,

In the same issue of Hovember Tth, it is noted
that & French company ia promoting large panels of
hydrophones to be attached aleng a submarine's
hull for passive sonar plokups. Theaes panalas,
made up of layara of pilezo-electriec film
alternating with metallic electrodes "promise a
variety of advantagea over conventional ceramio
hydrophones -- greater senaltivity, better beam-
forming, resistance to exploaions, high
reliability and easy maintenance,"™ are advantages
gited. Rectangular panels of about 1.5 by 3 fest
and two inches thick. sttached along the length of
a submarine should "give a better signal-to-noise
ratio and a longer detection capability®™ than
present array hydrophones. These new hydrophones
are in aservice in the Norwegian navy and are
scheduled to be installed im French ballistie
missile subsarinesa. At present the aystem Ccan
only provide bearing information on frequencles
balow 5 KkHz.®™ But the panels, which can be
recessad into a bull to prevent drag, "have &
reduced sensitivity to f[low noise and can be
encapaulated in a polyurethane polymer,®

o A news item from Booma Raton, Florida,
tella of a 21-foot submarine found off Boca Raton.
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It iz believed that this submarine, submergible by
remote control, was belng vaed by drug smugglersa
who hid their drugs inside the subsarine and sank
it on the appreoach of drug agenta. The submarine
had 4000 pounds of lead bars in it as ballast --
when found. It has no port holes and 4ia Ppnot
designed to carry passengers.®

o HAYY NEMWS & Undersea Techoology of Oct.
17th reports that a ocontract was given Eo
Eollworgen Corporation in September for davelop-
ment of & prototype non-penetrating periscopea.
The only penetration of the hull being a ssall
hole [or Tiber optic wires which lead from a
periscope in the saill to the contrel room. The
periscope opties can then be transmitted to
wherever wvideo monitora are located. Ho longer
neesd the control room be directly under the paris-
cope nor noeed the Captein press his eye to the
lens for viewing the seas above him. HNow, the
control room can be bullt wherever the Navy wants
it to be looated inside the asubmarine, and the
crew can se8 what's going on by viewing telaviaion
soreens, By pgetting rid of the bulky periacope
past and 1its attendant hydraulics, many of the
characteristics of submarines can be changed --
for example, the sail¥s size and location. "The
prototype represents the firat of its kind in the
world, and could conceivably be construoted in 18
months, "

o In the same publication, but of October
10, the results of a study by the Congressional
Research analyst Ronald O'Rourke show that ®in
terma of procuresent and life-cycle costa, a
notional eight-ship aireraft carrier battle group
for tha 19908 is equivalent to 12 to 21 S5Na. One
might then envision a fleet not with 15 battle
groupa and 100 SSNs but with perhaps 13 battles
groups and 124 to 142 S8Na."™ Also, "A force of 12
to 21 B3SNs would require about 4,800 to 6,200
fewar personnsl to san than a battle group; this
figure being equivalent to about 1% of Nevy end
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atrength.®™ And, "using cheaper G6BB-class boata,
the numbers are even higher with one battle group
equating to 14 LOS ANGELES-¢lasa subparines,™

a Ihe Washington Post of November 9, tells
of tha GRONLER, the Navy'a first nuclear smissile-
earrying submarine, being towed to Tampa, Florida
from ¥ashington Stata. It will be added
eventually to the Intrepid Sea-Aipr-Space Museum in
Hew York at Pler B6 on the Hudson River. CGROWLER
will be overhauled in Ta=mps bhefore being towed to
New York City in March. From 1960 to 1964 GROWLER
and her aister sub GRAYBACK patrolled the asas
with REGULUS misailes onboard == on deterrence
patrols.

o HAVY NEWS & Undersea Technclogy of 24
Dotober notes that the French Mavy ia attespting
to purchase 0,5, EC-130 TACAMO aireraft in the
19908 — when the 0.5, replaces these aircraft
with E-6Aa, a Boeing TO7 derivative. The TACAMOD
aireraft trails a long wire antenna for broadoast
fen & wery low frequency) of comsunications to
submerged submarines., The alroraft tows a pair of
wirea, one about 5,000 feet long and the other
30,000 feet in length. The larger wire reradiates
the signal transmitted by the shorter antenna.

o In the Timea-Herald of October 29, 1988,
an article by Molly Moore tells of the 10 0O.3.
ocean surveillance T-AGOS class vessels which Etow
linear arrays for the detection of asubmarines,
Theas 224-Toot, givilian crewed survelllance
vesaels, which wuse the Surveillance Towed Array
Sensor System to complemant S0503, P-3z on patrol,
submarines on surveillance missions, and
destroyers with towed pasaive scnar linear arrays
significantly expand the Navy's ASW ability to
detect and track enemy submarines,

Tha naws item taken from the

W Spring '68, which was in
the July issue of the SUBMARINE REVIEW and which
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dealt with Soviet Spetznaz teams being deployed to
target areas by amall Soviet submarines,
peglected to mention the author of the articla,
Mare J, Berkowitz, [rom whose article the material
was digested.

o A pioture in Jane's Defense Weekly of 8
Ootobers 1llustrates the type of pressure hull
rupture which the Soviets are training thelr
submarine orewa to be able Lo shore up, apd save
their submarina. A3 showns & damage control team
wearing lmmeraion suits and breathing apparatus is
conducting a dassge control exercise on &8 subma=
rine damage simulator. AR wide variety of other
emergencies such as leaks; Cires; collislona eto.,
are being trained for in this fashion.

o A translated article from the Soviset
NAVAL AFFAIRS by Captain lat Rank Ye. Nikitin, ia
titled In the SSN's FPeriscope -- fthe 2ist Century.
It desoribes the U.3. Havy's newest attack asubma-
rine, the S3H=21, SEA WOLF (aia) nuclear
submarinas, The article saya (in setting the stage
for the 55N-21) that the 688a were deaigned for a
relatively narrow range of misaions, namely closo-
in ASW cover for earriers and for combating aubma=
rines of the probable énemy. The article further
notea (after a lengthy discusaion of 688 problema
in the Arotic) that the 688 "in the opinion of
U.5. Navy command authorities, is not sufficiently
capable of ocopducting combat in the polar lati=
tudes.® Also that "Forelgn apeclaliasts Fesl Gthe
weak side of the LOS ANGELES class 35N is that it
is not sufficiently ocutfitted with the different
weapons to carry out a modern battle at sea.® The
article then described the SEANCLF design. "A
qualitative breakthrough in the words of Pentagon
strategists." It is noted that the SEAWOLF ™will
be buillt and equipped on the basls of effective
use in Arctic regions." It emphasizes "noiseless-
ness. gEreat Cirepower: and capabllity to Tire a
large nunber of torpedoes in one salvo.®™ In one=
on=one combaks "the submarine (quoting Vice
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Admiral Thunman) will prove to be far more
effective than what we have or anything that I sea
in the future,®

o An  article by Viktor Pavlovy in
The Soviet Militarv Review, July 1988, describes
the present Cosmanding Officer of a TYPHOON
submarin®, the MINSKY KOMSOMOLETS:; Captain 1at
Rank Eduard Rybakov. He was a recipient of the
Red Banner in 1987 "for succeas in combat training
and political education.® His submarine had
éarped the HNavel Commander-in-Chief's prize f[or
piasila [iring and & Fed Banner from tha FParty
regional oommittes, ¥hen higher headquarters
eaked Al Rybekov's submarine could take the lead
in an all-navy emulation drive; the Captain and
his deputy for political affaira "decided that the
crew would be able to take the lead.™ Rybakov is
forty=two, but it 1s noted that "when olever
apnough, one c¢an bécome a scbmarine commander in
his early thirties.™ Rybakow's [First wife had
left him when "Eduard was at sea for mponths and
the polar garrison could not offer her as meny
amenitiea as her Leningrad home."™ Then HRybakow
met Valentina, ™the girl (who} could see a kind
gnd sapaitive spul behind HRybakov's detachment.
terseness and forbidding lock,® @&nd then married
him. He took oommand of the TYFHOON 4im April
1985. After he stepped aboard, his first worda to
the crew wera "I want evaryone to know that I am
not going to hush up any fauvlt or misconduct on
the ship.®™ The first year his submarine; rated as
a "podel ship® had so many reported failures and
misconduct acts that the sub fell to second last
in the asubmarine f[lest ratings. But he did
something. PHo breachea of duty resained
unnoticed. Some aloohol abusera were penalized,
some discharged," and "breaches of duty began to
fall ateadily.® Stricot discipline alone did not
do the job. Eybakov's golden rule was "Never ask

subordinates to do thedr dutiea without f[irat
making thea enjoy their rights,® Thus, "when the

submarine was in hopeport: the men were told te go
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ashore exactly at § p.m., no matter what reasons
they offered to stay over." And "the officera got
used to it socon. They gradually learned to ration
thelir working houra with enough time for self
education or for studying 2 related specialty.”
The wivea of the orew did their bit too --
"suggeating celebrating holidays in ocompany.”
This meant that officera and mitochmanas joined
company with the ratings' families for prearranged
feativals -- giving thes & better chance to get
acquainted, Also, "the orew has recently become
keen on playing foothall. The Commander plays
too, despite his status.”

o An mriiole by LCDR Michael Gouge, USNR,
in the Procesdings of December 1988 ahows the
results of 2 copprehensive analysis of Allied
maérchant shipping losses in a war with the
Soviets. The author assumes that ASH improvements
since World War II have been more than offasst by
"the infinite endurance of the nuelear submarine
gnd reduction of surface time by Soviet diesesl
submarines.® His analyais then, of oconvoy
shipping losses to Soviet attack submarines in the
opening days of a big NATO-Soviet aea war, shows
the losses to be unacceptable and that without
encugh U.3. corgoes of resupply materials being
fed to the NATD land forces, the Alliea gEround
foroes "are not strong enocugh to win & quick war.®
Also, that Allied ASW forces cannot win a war of
attrition againat the large Soviet submarine force
deployed againat resupply shipping in & protracted
campaign. Gouge; in the Naval Control of Shipping
program since 1984 has sssumed that about 35
Soviet S53Ha or 533 will be assigned to North
Atlantic convoys with 20% on station against any
single convoy. The exchange rate he usas is T:1:
{a wvery modeat assumption, and he =still geta
unfavorable results). Gouge's analysis mperely
notes that additional ships are likely to be loat
to Soviet land-baszed alreraft using standofTl
missiles as well as "covert mining of choke points
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near the approaches to Eurcpean ports.® How many
is pot evaluated.

o In the same iasue, James George reocom—
mends that the U.5. plays:; for a few more years, a
"kick the can" geme (putting off serious discus-
siona) for reducing SLCHs in the imminent arms
contrel negotiations. This "will allow the United
States Gto study the real importance of the SLCM
{particularly for submarinea) in the poat INF and
START world.® See Dr., Lacey's SLCH article in

this issue.
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A Submarine Technology Symposium will be
conducted at The Johns Hopkins Univeraity/Applied
Fhyaics Laboratory, Laurel, Maryland. on 23, 24,
and 25 May 1989. The purpoas of the Symposium ia
to provide a olassified (SECRET-NOFORN) forum
wherein those technologies that pay be important
to the coapabilities of submarines and related
ayatems can be edvanced and examined by experts in
government, indusatry and academia. The objective
is to broaden the technical bases available to the
Havy and to asaist the cperaticmal availability of
that important technolegy. The theme of this
Symposium will be, "The Technologies to Support
the Hew and Expanded Submarine Folea and
Misaiona,®

Dr. Walt Grabowaki of AFL will serve aa
Frogram Chairpan and Mr. Bill Chambera, alse of
APL; will take charge of all administrative and
logiatics arrangesents for the Symposium.

A eoall for technical papers haa  been
promulgated. Session chairman will select the
moat promising papers for preaentation.

Attendance will be limited to 500, tha
seating oapablility of the EKossiakoff Cantar.
League psembers holding & current SECRET clearance
and a certified need-to-know who are interested in
participating in the Symposium may obtain
additional information by writing to:

The Johns Hopkinas University
Applied Phyaica Laboratory
Johns Hopkins Road

Laurel, MD 20707

ATTN: HMra. J. M. McLoughlin

or by calling (301) 953-6151
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The Symposaium will comprisa (ive half-day
sessions.

23 May 1909
Eeynote Address VADM D, L. Cooper,; U3H
ACHD (Underasa Warfara)
The Hew Mimsions Chairmaenr: Dr. Ken Lobb
CNA

Ea. Battle Management and Space
Chairman: Dr. H. Talkington

HOSC

2% Mav 15909

Submarine Ship Syatemsa Technology

Dr. Tom Taylor, DARPA
Sensora, Weapona, and Offboard Systema

Earl Messere, NUSC

23 May 1989

Advanced Forelgn Technologies
Chairman: BEill Richardaon
JHOS APL
FBound Table Discuasion
VADM B, M. Fauderar, {Ret.)
Syompoaium Chairman

SECOND ANNUAL

If,
[

) %
- SUBMARINE TECHNOLOGY
SYMPOSIUM
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DOLPHIN SCHOLARJHIPS AVAILABLE

As epollege tuiltion costs continue to  rise,
parents and college students loock for new ways to
foot the bill. Submarine service families have &
poasible rescurce -- The Dolphin Scholarship
Foundation.

Tha Foundation dis ourrently providing
finanoial asaistance to 90 students. Twenty=-Cive
are freshmen. Since 1961, 367 scholarahipa have
been granted.

During the 1989 ccllege year, the Delphin
Scholarship Foundation will award $1,750 to each
of approximately 25 college-bound freshmen seeking
bachelor degrees.

The Foundation will renew the scholarship
annually to atudents in good academic standing
through their senior year, Thosa ealigible to
apply for the acholarahip awarda include children
of membara, or former members of the U.3. HNavy,
who have served a minimum of either five years in
the Submarine Force (subsequent to qualifiocation),
or aix years in Submarine Foroe  support
activities. Children of submarine sailors who
died while on active duty in the Submaerine Force
are automatically eligible to apply for a Delphin
Scholarship.

Information about these Scholarships 1s
available by contacting any Submarine Officers
Wives Club representative or by writing to:
DOLPHIN SCHOLARSHIP FOUNDATION, U405 Dillingham
Blvd,; Norfolk Maval Base, Norfolk, VA 23511; or
COMMANDER NAVAL MILITARY PERSONNEL COMMAND (HMPC-
681D), Mavy Department, Washington, DC 20370,
The deadline for acceptance of applicationa is
April 15, 1989.
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by RADM N.P. V'yunenko, CAPT 1at FRank B.N. Makeyev,
CAPT 1at Rank V.D. Skugarev
and edited by Admiral Sergel Gorshkoy
Publisher, Mosocow: Voyenizdat, 1988; 272 pages

Often it is important to look at the past in
order to underatand the future. And, thus it is
with those portions of the above olted book whioh
forecast future submarine amd torpedo technologiea
Joharacteriatics.

Az cited by the Assoolated Preas, the
principal submarine and torpedo projectiona
contained in the new Soviet book are:

o Submarine speeda of 50-060 knota (near-term)
and 100 knota (far-term).

0 Waka, infrared, and laser homing torpedooa
papable of speeda of 300 knots., (being
devalopead)

o0 Submarine dive depths of U400-600 meters
(today) and 2000 meters (futura)l.

Sound futuristic¥ Parhapa. But thess such
heralded projections were, I1n fack, stated 25
years ago in a Soviet book titled Atomic-Powered
sSubmpprine Designs authored by V. M. Frascolov and
k. A. Harusbayav, Ironically, Bukalov and
Narusbayey hbassed thelir projections of submarine
and torpedo advances on information contained in
0.5. open preas sources published 25-30 yeara ago.
For example, the 1968 edition Atomic-Powered
Submarine Design stated the following:

o "Foreign apecialists are of the opinion that
ifr control of the boundary layer problem can
be asolved successfully, submarine aspasds
will d4ncrease to 50 to 60 knota, and if
there i3 a simultaneous inocresse in



installed horsepower, speeda will exceed 100
knota."®

o "By 1970 to 1980, foreign specialists
propoae  to create military submarines
capable of submerging to 1200 meters (if

high-strength atesls are used for the
pressure hulls), or to 1800 metera (if the

technology involved 4imn building hull
struotures of titanium alloya is worked
out)."

g ®In 1959, the TUnited States Ravy was
presented the following torpedo goala for
the 1970a: increase the tactical apeed of
ASW homing torpedoes to 55 to 60 knota ...
develop new models of rocket-propelled
torpedoes with apeeds on the order of 200 to
300 knota; as well as rocket-propalled
interceptor torpedoes to ocombat homing
torpedoss ... devise a guidance systes for
future torpedoes which will be resistant to
interference and which will be able to work
suceessfully against & terget taking evasive
action; the moat effective are considered to
bes the infrared (heat) instrumenta for
homing, aince they can guide the torpedo to
the ship along its wake."

In summary, the Soviets haven't told us
anything new. The Soviets have simply restated
and alightly repackaged forecasts we made 25 yeara
RED. As often happens, some Weatern mnaval
analysts and news organizations have mistakenly
"re-discovered® thesa old forecasts and
attributed them to the Soviet Unlon rather than
the U.5, Pecple reading this new Soviet book
should be cautious and read it in light of
previous BSoviet writings on naval strategy and
submarine matters.

John J. Engelhardt
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RADM L. P. Khiyaynen, Moscow: Voyenizdat, 1988
239 pages

Just when you thought the Sowviets had
written enough booka about foreign submarine
developments, along ocomes another one. This
supposedly "pew"™ book ia really only an updated
ard edition of an earlier boock authored by Rear
Admiral L. P. Khiyaynen (in 1979) bearing the same
title (Razurtiye zarubezhnykh podvodnykh lodok 1
ikh taktiki).

All three editions of Ehiyaynen*s booka are
valuable reference sources and a must for
collectors of foreign presa meterials on
subparines. RADM Khiyaynen (and/or his research
staff) have gone to extensive efforts to ressaarch
all publicly aveilable literature on foreign
(i.8,, non-Sovist) submarine developments. The
result 45 an easy to read book outlining
developments 4in subsarine deaign, weapons,
sansors, and tactics since World War I, with
eophasis on tha past 20 years. Saveral wvery
usaful tablea are provided, depicting the
teohnical ocharacteristicss of Weatern submarines
constructed owver tha past 50 yeara, The book
contains no plotures — & usual Soviet practica.

A preliminary review of the new edition of
the book suggesata that thers is little in tha way
of new informatiomn on Weatern  submarine
davelopmenta (S55H-21, TRIDENT, ete.), or Soviet
views on subparine design philesophy and tacties.

Two interesting cbservations about this book.
Firat, tha book came 4into the United Statea
around September 1988. A well-known Washington,
DC area Russian book store had about 200 copies of
the book for sale (cost $3.50) when this author
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purchesed his ooples =— the day after the book
went on sale. Mithin 3 weeka all copies of the
book were aold outl This wmay indicate a
heightened awarenass about submarine mattera
emong both the Ruasian and ©.5. defense
compunities located in the Washington, DC area. &
second ocbservation 1a that Yovepizdat published
35,000 goples of the book. Thiz suggeats two
things: (1) the Soviets anticipated a large
foreign readership and probably earmarked about
15;000 copies of the bock for export to the Weat
and (2) the Soviets have an in-country readerahip
of abeout 20,000, of which perhapa 15,000 might be
classified as sebmariners and eiviliana dnvolved
in the nation's submarine programs. Theae are
impressive statistica about the Spyiet submarine
publishing apparatua and readership.

My only complaint about the book, a3 with
most Soviet submarine books and articles, ia that
the author fails to footnote information sources
properly, or to credit copyrighted material. This
pekea it imposaible for resesarchera and acholars
to re=trace the footatepa of Soviet researchers or
te access publie information sources used by

Soviet resemrchars.
John J. Engelhardt

SUBHARINE COMMANDER

by Captain Paul R. Schratz, USN(Ret.)}
University Press of Kentuoky, Lexington. EY. 1988
322 pages

Paul Schratz has [inally written the memolirs
(journal or log) that those who know him well have
long awaited. Predictably, it ia fascinating. At
the wary beginning he quotes Arleigh Burke, "Any
compmander who falls to axceed his authority ia not
of wmuch use to his subordinates," -- and George
Marshall, "...if one can't dischey an order,
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he'll never amount to much as a leader.®™ Paul
adopted these as his credo and, as he takes ua
through his adventures in two wars, he sure as
hell never varies from that credo.

Paul hit the subparine pavy at abaplotely the
right time. World War II was fully underway. He
was thus aspared the inhibitions of thoss with
yeara of cautious peacetinme submarining. His
firat submarine was MACKEREL, under Johany
Davidson, where he gqualified ahead of his elass
and gqualified for oommand almoat immediately
afterwarda. I don't Know anyone with a better
record than Jobnny Davidsen for pleking naval
officera or submarinpersa, Johnny's subsequent
gareer concentrated on doing just that. Paul's
job was torpedo and gunnery officer, TDC operator
heart of the attack team. It waa a job he nevar
relinquished. He was always right alongside the
captain, fighting a real war, unsullied by the
contrived practioe approachea of the peacetime
NEVY. It was & great challenge for a Yyoung,
inexperienced officer == and Paul was loaded for
bear.

Paerhapa the most interesting, and certainly
the most revealing of all the chaptera are those
devoted to his patrols in SCORPION and STERLET.
Paul Jjoined SCORFPION, wunder Bill Wylle, during
fitting out, agein as torpedo and gunnery officer,
Alarmed by tales from the Facific about the sorry
performance of torpedo warshots, and realizing
that he was in a perfect poaition to do something
gbout 1it; he Iimmediately pgave battle Eo the
Hewport torpedo organization, With his leading
torpedoman, be seoretly invaded the exploder lab
and oopied working drawings of the exploder
mechanism, After studying thess, he decided that
inoreasing the tenaion in the arming Iispeller
would reduce the chances of shorting the exploder;
particularly when the warhead was carried to deep
depth, and thus out down on the distressing
frequency of presature exploalona, He applied
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this Floving hands at hompe™ ORDALT to his own
torpedoes and passed the word around as best he
could. Hias reported torpedo record indicates that
it worked. He also redesigned the lighting for
tha olinometera (bubble tubes) at the diving
station. Portamouth yard accepted that one and
claimed it for thelr own. Newport remained

Hewport.

It is when SCORPION mnd STERLET get on war
patrol that the real message of Paol's atory
egerges. As the leading member of the attack
team; he freguently dissgreed with the panner in
which the two captains, (one a friend, the other
much lesa so) conducted their patrola. He vigor-
ously asserted his ideas; gave orders without the
Captain®'s knowledge and eventoallys in STERLET,
virtually usurped compand where operationa were
concerned. At one atage, in STERLET. he serioualy
gonaidered requesting the captain's reliefl at sea,
orr eoven relieving him on the apot. That he did
not do so was probably fortunate for Paul.

However, hia account very clearly illustratea
a aituation that was not uncommon in submarines in
World War II, or indeed, throughout naval history
in ships under independent coasand. The bril-
liant,; eambitious and aggressive young officar,
exasparated by the tactics of a mors conasrvative
gnd cautious skipper was a Trequent Cigure in the
rest oamps of the Paclfic. I remember Mike Shea
particularly. Their problem was Cundamental.
They saw the war all arcound them and they wanted
to fight it. Hows, these are the "goung=ho®™ guys
who will sink ships and win wara for you. They
are the Medal of Honor winnera —— if they really
know what they are talking about. The Divislon
and Squadron Commanders and the Admirals had to
sort them out and find the beat captaina. Thay
could usually find out who oould mot out it., How
could they tell who could?

Paul's satory is, of oourse, far more
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ancompasaing than that single facet. He is truly
irrepresaible and be actually believes that it ia
poasible for submarining, or any other naval
gotivity, peace or war, to be fun; and he seta out
to prove it, He is raraly in the position that
his mpovement report promisesz and the diversions
are usually becauss it is more fun that way. Some
contraventions of rules or orders, a8 in straying
beyond area boundaries, are in the interest of
improved battle efficleancy. HMany others are
because that's the way Paul wented to do it. Many
of the latter are outrageous. Exanples are:
faking orders from Admiral Lockweood in order to
get & ride on & B-29 in 2 raid over Japan; or the
Te=degrae surfacing of PICKEREL which made the
cover of SHIPMATE eventually but had to be hidden
from Adeiral "Babe™ Brown when he did it. There
are many more,; less famous but no leas bizarra,
scattered throughout the story, They asason the
book and make it a delight lor anyone who lived inm
& submarine in those days.

There iz tragedy also. Reggie Raymond, exec
of SCORPION, whom Paul idolized, was killed in a
gun battle on the firat patrol. The shock and
sorrow this brought to Paul runa a thin line
through much of the book. The asubsequent loas of
SCORPION was also a heavy blow, particularly when
Bill Wylie wrote Paul, "I shall always believe
that your detachzent From SCORPION was & major
contributing factor bto her loss,® It was & heavy
load to ocarry.

The book covers operaticna from WICHITA in
Igeland, jusat prior to the beginnings of our entry
in World War II, through duty in MACKERHEL,
SCORPION, STERLET and finally with Jason Maurer in
ATULE; where Paul finally found a skipper who met
his apecifications, Tha scens then shifts to
early occupaticn days in Japan, command of the
captured Japanese submarine I-203, bringing her to
Pearl, and the peacetime and Korean operations of
the new GUPPY submarine PICEEREL. There is adven-
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ture on every page, osometimes serious, mostly
asusing and often downright scandalous. If you
want to learn how to pet away with surder and have
a good time doing it, this book 1a for you.

This is Paulta story. It is intensaly
persocnal. It's the way he saw the war and how he
fought it. Hia deacriptions of the war patrols
are more detailed than patrel reports and, at
least in his eyes; pore factual. It ias a delight
to read not only because 1t is well written but
because it is so very real seen through the eyea
of a completely involved obaerver, As bafits an
accomplished concertmaster, every note rings true.
And this is only the f[irst atage of Paul'a
distinguished career. I am sure that there are
pors concertos to come. Bravol Encorel

Frank Walker

HAVE YOU GOTTEN 2 NEW MEMEERS FOR 19887
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. .
" MEMBERSHIP STATUS ]
. .
. Current - Last REVIEW - Year ago ®
. M
% Active Duty ggB 518 BoB "
% Othera 2744 27719 2590 L
8 Life 157 158 128 L
%  Studant 27 Eh| 25 L
% Foreign 41 39 30 *
¥ Honorary 10 10 12 L
. .
* Total 3877 3935 3683 #
. .
" .
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. .
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PLANNING SYSTEMS INC.
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THE SUBMARINE REVIEW is a gquarterly publication
of Ehe Bubparine League, It i3 a forum for
discussion of subparine matters. Hot only are the
ideas of its members to be reflected in the
REVIEW:; but those of cthera as well, who are
interested in submarines and submarining.

Articles for this publication will be accepted
on any subjesct olosely related to submarine
pattears. Their length should be 8 maximum of
about 2500 words. The content of articles is of
firat isportance in their selection for the
HEVIEW. Editing of articles for clarity may ba
necessarys since ipportant ideas should be readily
understood by the readers of the REVIEW.
Articles should be submitted to the Editor, W.
J. Ruhe; 1310 MacBeth Streat, Molean, VA 22102,
Diascuasion of ideas for articles are encouraged,
phone: (703) 356-3503, after office hours.

A $200,00 atipend will be paid for each wmajor
article published to help offset the authoras ooat
for paper, pen and typing. Annually, thraas
articles are selected for special recognition and
an honorarium of up to $400.00 will be awarded to
the authors,

The wiews expressed by the authors are thelr
own and are not to be conatrued to be thoae of tha
Haval Submarine League, In those inatances where
the HSL has taken and published an official
position or view:; specifiec reference to that fact
will accompany the article.

Comments on articlea and brief discussion itema
are welcomed to make the SUBMARINE REVIEW a dyna-
mic reflection of the League's intereat in subpa-
rinss, The succesa of thia magazine ia up ¢to
those persons who have auch a dedicated intereat
in submarines that they want to keep alive the
submarine past, help with present subsarine prob-
legs and be influential in guiding the future of
submarines in the U.3. Navy.
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