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Executive Summary

The Mark 67 Submarine Launched Mobile Mine (SLMM), fielded in the 1980s and listed
in official Navy fact files with a 1987 deployment date, remains the sole submarine-
launched standoff mine in the active United States inventory. Built on a modified
Mark 37 torpedo chassis, the Mk 67 enables covert placement of multi-influence bot-
tom mines in heavily defended shallow-water chokepoints. The real policy question
is not whether the Navy should cling to the Mk 67, but how fast it can migrate clan-
destine undersea mining effects from aging Los Angeles-class submarines to scalable,
unmanned successor systems.

Critical Findings:
• Recent publicly documented Mk 67 employment is tied to improved Los Angeles-

class (688i) submarines. Public primary sources do not demonstrate comparable
current Virginia-class use; the exact engineering basis for this gap is not established
in the open record.

• The question is not merely inventory status but usable capacity: GAO’s 2026 find-
ings show 3,454 cumulative days of SSN maintenance delay (FY2021–FY2025) and
a projected 15 attack submarines entering over 14,000 days of inactive idle time
through FY2030 absent mitigation.

• Life-extension overhauls for 688i hulls range from $700 million to over $1.2 bil-
lion per vessel. Mine warfare funding was historically marginal (0.125% of the
FY2020 weapons budget) but has ramped sharply, reaching $100 million requested
in FY2025.

• The Mk 67 retains doctrinal relevance in the context of Operation Epic Fury (2026),
where the strategic question is when covert mining would be worth the escalation
and coalition costs, and in hypothetical First Island Chain scenarios against the
PLAN’s 370+ platform fleet.

• Next-generation successors—the Mk 68 CDM, MEDUSA expendable UUV, Ham-
merhead encapsulated torpedo, and Quickstrike-ER—are in advanced develop-
ment but have not yet reached fleet-wide operational capability.
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Chapter 1

Introduction to the Strategic Imperative of
Clandestine Naval Mining

The resurgence of great power competition, characterized by the proliferation of sophisticated
Anti-Access/Area Denial (A2/AD) networks, has forced a fundamental reevaluation of under-
sea warfare doctrine and the mechanisms of maritime power projection. Within this evolving
paradigm, offensive naval mining has emerged from a prolonged period of post-Cold War ne-
glect to reclaim its position as a critical, highly asymmetric tool for sea control and sea denial.
At the absolute forefront of the United States Navy’s current clandestine offensive mining ca-
pabilities is the Mark 67 Submarine Launched Mobile Mine (SLMM). The official Navy mine
fact file lists the SLMM deployment date as 1987, though widely cited secondary sources place
initial fielding as early as 1983.1 Regardless of the exact timeline, the Mk 67 remains the singu-
lar submarine-launched, standoff mine in the active inventory of the United States military.

Despite its advancing age and its reliance on mid-twentieth-century propulsion architecture,
the Mk 67 SLMM provides a unique operational capability that no other weapon system cur-
rently matches: the covert, unacknowledged placement of multi-influence bottom mines in
highly defended, shallow-water geographic chokepoints where traditional surface or aerial
delivery platforms would be rapidly detected, engaged, and destroyed.2 The strategic utility
of the SLMM is profound, enabling a submarine commander to severely disrupt enemy naval
sorties, paralyze maritime logistics, and execute sea-denial operations deep within hostile ter-
ritorial waters from a safe standoff distance.

However, the operational utility of the Mk 67 SLMM is publicly documented only on an ag-
ing delivery platform—the Los Angeles-class fast-attack submarine (SSN), particularly the im-
proved 688i variants. As the United States Navy systematically transitions its undersea fleet to
the technologically superior Virginia-class SSN, on which no comparable Mk 67 employment
has been publicly demonstrated, a potential capability gap in clandestine offensive mining
warrants serious analysis.

1“U.S. Navy Mines,” United States Navy Fact Files. The 1983 date appears in secondary sources including The
War Zone’s 2021 coverage of the USS Montpelier SLMM on-load.

2“Navy Offers Glimpse Of Its Submarine-Launched Mine Capabilities In The Mediterranean,” The War Zone,
2021.
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This report examines the Mark 67 SLMM in exhaustive detail: its technical history, exact
operational specifications, platform dependencies, doctrinal utility in contemporary conflicts—
including Operation Epic Fury (2026) against Iran and a hypothetical strategic blockade of
China—and evaluates next-generation unmanned successor systems including the Mk 68 CDM,
MEDUSA, and autonomous platforms such as the REMUS 620.
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Chapter 2

The Historical Context of United States Naval
Mine Warfare

To fully understand the strategic niche occupied by the Mk 67 SLMM, one must first examine
the historical evolution of naval mine warfare within the United States military. A naval mine
is defined as a self-contained explosive device placed in the water column or on the seabed,
specifically designed to destroy submarines, surface combatants, and commercial vessels.1 Sea
mines possess the dual capability to deny enemy fleets access to specific ocean areas and to
channelize enemy maritime traffic into vulnerable kill zones, providing extraordinarily low-
cost battlespace shaping and force protection.2

2.1 The American Revolutionary War to World War I

The employment of sea mines by the United States dates back to the American Revolutionary
War. David Bushnell, operating under the authorization of General George Washington in
1777, attempted to destroy British naval vessels anchored in the Delaware River using floating
wooden kegs filled with gunpowder and equipped with crude impact gunlocks. While this
early attempt failed to inflict damage, it sparked intense interest in underwater explosives.

During the American Civil War, Confederate forces utilized moored mines extensively, suc-
cessfully sinking dozens of Union vessels and validating the concept of asymmetric naval
denial. During World War I, the United States and Great Britain collaborated to lay over sev-
enty thousand mines, creating the immense North Sea Mine Barrage designed to restrict the
movement of the Imperial German Navy’s devastating submarine fleet.

2.2 Operation Starvation: The Apex of Offensive Mining

The apex of United States offensive mining occurred during World War II during Opera-
tion Starvation. The United States Army Air Forces and the U.S. Navy conducted a mas-
sive aerial mining campaign against the Japanese Empire, dropping more than 12,000 mines
into Japanese shipping routes, harbors, and vital coastal approaches. This highly effective
campaign resulted in the sinking or severe damaging of approximately 650 Japanese ships,
accounting for over two million tons of shipping. The operation systematically starved the

1“Naval Mine Warfare,” Naval History and Heritage Command.
2“US Navy Mines,” United States Navy Fact Files.
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Japanese wartime economy of vital resources and entirely disrupted their maritime supply
chains.

Table 2.1: Major U.S. Offensive Mining Operations in History

Operation / Period Theater Method
& Scale

Effect

Revolutionary War (1777) Delaware River Floating
kegs; lim-
ited scale

Minimal

Civil War (1861–65) U.S. coastal waters Moored
contact
mines

Dozens of ships sunk

North Sea Barrage (1918) North Sea 70,000+
moored
mines

Restricted U-boat movement

Op. Starvation (1945) Japan home waters 12,000+
aerial
mines

650 ships sunk/damaged

Haiphong Harbor (1972–73) Vietnam Aerial
& naval
mines

Harbor closed ∼1 year

Decades later, during the Vietnam War, the 1972–1973 United States mining of Haiphong har-
bor effectively shut down North Vietnamese maritime logistics for nearly a year, demonstrat-
ing that offensive minelaying could provide a forceful crisis-response option that was highly
disruptive but less escalatory than direct kinetic bombardment.

2.3 The Cold War Imperative for Submarine-Launched Mining

Despite these historical successes, the advent of the Cold War and the proliferation of ad-
vanced radar and surface-to-air missile (SAM) networks rendered the aerial delivery of naval
mines increasingly hazardous. U.S. aircraft attempting to lay mines in contested Soviet waters
would face unacceptable attrition rates. Furthermore, deploying mines from surface minelay-
ers lacked the element of surprise, providing the adversary with exact coordinates to immedi-
ately begin mine countermeasures (MCM) operations.

The U.S. Navy urgently required a weapon that could be delivered with absolute stealth, pen-
etrating the anti-access bubbles of the Soviet Navy’s protected bastions. This strategic require-
ment directly catalyzed the engineering and deployment of the Mark 67 Submarine Launched
Mobile Mine.
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Chapter 3

Technical Architecture and Operational Spec-
ifications of the Mark 67 SLMM

3.1 Engineering Heritage and the Mk 37 Torpedo Chassis

The development of the Mk 67 SLMM was driven by the necessity to combine the lethal persis-
tence of a bottom mine with the covert mobility of a submarine-launched torpedo. To achieve
this rapidly and cost-effectively, naval engineers did not design a new vehicle from scratch;
instead, they heavily modified the existing Mark 37 torpedo.1 The Mk 37 was an electrically
powered, acoustic-homing torpedo originally designed in the late World War II era and uti-
lized extensively through the 1970s for anti-submarine warfare. Its relatively slow speed and
quiet electric motor made it an ideal candidate for covert infiltration.

Figure 3.1: The Mark 37 Electric Torpedo on display. The Mk 37 served as the base propulsion chassis (Mine
Body Main Assembly Mk 4) for the Mk 67 SLMM conversion. Source: Wikimedia Commons,
public domain.

To create the SLMM, engineers stripped the Mk 37 of its acoustic homing sonar and wire-

1“MK 67 Submarine Launched Mobile Mine (SLMM),” Federation of American Scientists.
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guidance logic. They retained the primary propulsion vehicle, officially designated as the
Mine Body Main Assembly Mk 4. Forward of this propulsion section, they attached the Ex-
plosive Section Mk 13, which contains the multi-influence target detecting device (TDD), the
arming mechanisms, the firing circuitry, the battery packs, and the main explosive charge.
This conversion effectively transformed an active, homing anti-submarine weapon into a pre-
programmed, autonomous delivery vehicle.

3.2 Propulsion, Navigation, and Standoff Capability

The Mk 67 SLMM measures 13 feet (approximately 4 meters) in length and weighs 1,765 pounds
(800 kilograms). It is propelled by an internal electric motor powered by a specialized battery
pack. While electric propulsion limits the weapon’s maximum speed compared to the thermal-
powered Otto Fuel II engines utilized in the modern Mk 48 torpedo, it provides a distinct
acoustic advantage. The extraordinarily quiet transit of the Mk 67 allows a Los Angeles-class
submarine to launch the weapon from a significant standoff distance without broadcasting its
presence to enemy passive sonar arrays.

The defining tactical feature of the SLMM is its mobility. Once impulse-launched from a standard
21-inch submarine torpedo tube, the weapon autonomously navigates along a pre-programmed
azimuth to a specific geospatial waypoint—ensuring the launch platform does not have to directly
overfly or physically enter the precise coordinate where the minefield is being established.

The exact operational standoff range of the Mk 67 is classified, but naval analyses consis-
tently estimate it to be approximately 8 miles (13 kilometers), highly contingent upon the pro-
grammed transit speed and the prevailing underwater environmental currents. Upon reach-
ing its designated destination, the propulsion system deactivates, and the weapon sinks to the
seabed, settling into the mud or sand to function as a covert bottom mine at depths of up to
600 feet (183 meters).

3.3 Sensor Fusion and the Bubble Pulse Effect

Once the Mk 67 settles onto the seabed, it undergoes an arming sequence, activating its highly
sophisticated, multi-influence Target Detection Device (TDD). Unlike antiquated contact mines
that require a ship to physically strike the weapon, the Mk 67 utilizes a complex sensor fusion
matrix requiring a specific combination of magnetic, seismic, and pressure signatures to trig-
ger detonation.

• Magnetic sensors continuously monitor the Earth’s local magnetic field, searching for mas-
sive disruptions caused by the passage of a large ferrous object, such as the steel hull of a
surface combatant or a submarine.

• Seismic sensors monitor acoustic vibrations traveling through the water column and the
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seabed floor, calibrated to identify the specific low-frequency acoustic signatures generated
by massive vessel propellers and internal machinery.

• Pressure sensors detect the immense hydrodynamic pressure wave generated by the phys-
ical displacement of water as a multi-thousand-ton warship moves overhead.

The integration of the pressure sensor is particularly critical for the weapon’s lethality and
survivability. While magnetic and acoustic signatures can often be simulated or triggered pre-
maturely by specialized unmanned Mine Countermeasures (MCM) vessels dragging acous-
tic generators and magnetic cables, simulating the localized hydrodynamic pressure displace-
ment of a heavy warship is virtually impossible. This multi-influence requirement ensures the
Mk 67 is highly resistant to standard minesweeping techniques, lying dormant until a genuine,
high-value target passes overhead.

When the TDD confirms a valid target, it detonates the 330-pound (150 kg) conventional high-
explosive charge housed in the Mk 13 explosive section. The detonation of a bottom mine
does not rely primarily on fragmentation to destroy a ship. Instead, the rapid expansion of
explosive gases creates a massive underwater bubble. As this bubble violently expands and
then rapidly collapses under the immense pressure of the surrounding water, it generates a
focused, high-velocity jet of water directed upward toward the surface. This phenomenon,
known as the bubble pulse effect, strikes the underside of the target vessel with catastrophic
force, literally lifting the ship out of the water and fracturing its keel, causing the vessel to
break in half and sink within minutes.

Table 3.1: Mark 67 SLMM — Complete Technical Specifications

Technical Specification Mk 67 SLMM Details

Origin / Service Entry United States / 1987 (Navy Fact File); secondary sources cite 1983
Delivery Platform Publicly documented on Los Angeles-class SSN (21-inch torpedo

tube)
Base Chassis Architecture Modified Mk 37 Torpedo (Mine Body Main Assembly Mk 4)
Mass / Dimensions 1,765 lbs (800 kg) / Length: 13 feet (4 meters)
Warhead Specification 330 lbs (150 kg) High Explosive (Explosive Section Mk 13)
Target Detection Device Multi-influence: Magnetic, Seismic, Pressure
Propulsion System Electric Motor (battery-powered)
Maximum Operational Depth Up to 600 feet (183 meters) [open-source estimate]
Estimated Standoff Range Open-source estimates vary; commonly cited as ∼8 mi (13 km)†

†Exact range is classified. Open-source estimates are tied to differing Mk 37 propulsion variants and environmental conditions.

The figure should be treated as an approximation, not a settled specification.
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Chapter 4

Platform Integration: The Los Angeles-Class
Ecosystem

The strategic utility and operational deployment of the Mk 67 SLMM are currently shaped by
a strong platform association. All publicly documented recent Mk 67 employment—including
the widely publicized 2021 on-loads aboard USS Montpelier and USS Annapolis—has involved
improved Los Angeles-class (SSN 688i) fast-attack submarines.1 Official Navy SSN fact files
describe attack submarines generically as platforms that “engage in mine warfare,” but no
primary public source has demonstrated comparable Mk 67 use aboard Virginia-class boats.

4.1 The Architecture of the 688i Class

The Los Angeles class was the premier Cold War hunter-killer of the United States Navy, with
62 hulls constructed between 1972 and 1996.2 Measuring 362 feet (110 meters) in length with
a beam of 33 feet (10 meters), and displacing approximately 6,927 tons when submerged, these
vessels are powered by a single S6G nuclear reactor generating between 150 and 165 megawatts
of thermal power. NAVSEA historical evaluations of improved 688i boats—such as the assess-
ment of USS San Juan (SSN 751)—confirm that the 688i improvements included mine-laying
from torpedo tubes, establishing the integration lineage.3

The visual demonstration of this capability remains a potent tool for strategic messaging. In
June 2021, amidst growing naval tensions with the Russian Federation in the Eastern Mediter-
ranean, the U.S. Sixth Fleet deliberately publicized imagery of the USS Montpelier (SSN 765)
conducting an “expeditionary ordnance on-load” in Souda Bay, Greece. Sailors were docu-
mented loading the 13-foot, 1,765-pound torpedo-shaped dummy SLMMs directly into the
submarine’s torpedo room while docked at the NATO Maritime Interdiction Operational Train-
ing Centre (NMIOTC).

4.2 Tactical Loadout Tradeoffs and the Torpedo Room Calculus

Despite the undeniable strategic value of clandestine mining, deploying the SLMM requires
submarine commanders to make severe tactical tradeoffs. A standard Los Angeles-class sub-
marine features four 21-inch torpedo tubes and possesses limited storage capacity within its

1“Navy Submarine Force Operates at the Tip of the Spear in U.S. Sixth Fleet,” U.S. 6th Fleet, 2021.
2“Los Angeles-class submarine,” Wikipedia.
3“SSN-751 USS San Juan Naval Historical Evaluation,” NAVSEA, January 2024.
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Figure 4.1: USS Cheyenne (SSN 773), a Los Angeles-class fast-attack submarine, departing Joint Base
Pearl Harbor-Hickam in April 2011. All publicly documented recent Mk 67 SLMM operations have
been associated with the 688i class. U.S. Navy photo, public domain.
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Figure 4.2: USS Montpelier (SSN 765), photographed underway. In June 2021, the Montpelier was publicly
shown loading SLMM training rounds at Souda Bay, Greece, serving as a deliberate strategic
signal to adversary naval forces. U.S. Navy photo, public domain.
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torpedo room, typically allowing for a maximum payload of approximately 25 to 37 torpedo-
sized weapons, depending on the specific variant and internal configuration.

Operational Assessment

Every single Mk 67 SLMM brought aboard displaces a vital slot that could otherwise
hold a Mk 48 Advanced Capability (ADCAP) heavyweight torpedo or a tube-launched
Tomahawk land-attack cruise missile. The Mk 48 ADCAP costs approximately $5.39 mil-
lion per unit, is capable of reaching speeds exceeding 65 knots, diving to depths beyond
2,600 feet, and engaging targets at ranges up to 31 miles.

In a dynamic, high-intensity maritime conflict, submarine commanders inherently prefer the
immediate, flexible lethality and active hunting capabilities of the Mk 48 ADCAP over the pas-
sive, highly situational, area-denial capability of the Mk 67 SLMM. Dedicating ten or fifteen
valuable weapon slots to mines severely reduces the submarine’s capacity to engage in sus-
tained anti-submarine warfare (ASW) patrols against enemy nuclear deterrents or anti-surface
warfare (ASuW) strikes against enemy carrier strike groups. This zero-sum payload calcu-
lus has historically relegated the SLMM to a highly specialized niche capability, loaded onto
the submarine only when strictly mandated by the highest-level specific operational plans
(OPLANs) directed by fleet commanders.

Table 4.1: Weapon Loadout Tradeoff Analysis — Los Angeles-Class Torpedo Room

Weapon Unit Cost Role Tactical Impact of Displacement

Mk 48 ADCAP $5.39M ASW / ASuW Loss of active hunting capability against submarines &
surface combatants

Tomahawk TLAM $2.1M Land Attack Loss of deep-strike cruise missile capacity
Mk 67 SLMM Classified Sea Denial Gains covert, autonomous area denial in denied waters
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Figure 4.3: The weapons loading team of the Los Angeles-class attack submarine USS Newport News
(SSN 750) prepares the torpedo room for ordnance loading, October 2008. Each SLMM loaded
displaces a Mk 48 ADCAP torpedo or Tomahawk cruise missile slot. U.S. Navy photo, public
domain.
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Chapter 5

The Virginia-Class Gap and the Open Ques-
tion of Incompatibility

The United States Navy is actively phasing out the aging Los Angeles class, systematically
replacing them with the highly advanced Virginia-class (SSN 774) fast-attack submarines. As
of early 2026, approximately 24 Virginia-class boats are in active commission.1 However, this
modernization drive has surfaced a critical open question: no public primary source demon-
strates current Mk 67 SLMM deployment from the Virginia class.

Figure 5.1: USS Virginia (SSN 774) during Bravo sea trials, August 2004. No public primary source has
documented Mk 67 SLMM deployment from Virginia-class boats. U.S. Navy photo, public domain.

5.1 Architectural Differences and Analytic Hypotheses

Several major architectural, mechanical, and software differences between the two classes may
contribute to the apparent gap. While both classes carry 21-inch torpedo tubes, the Virginia
class incorporates a hull form originally derived from the Seawolf class, utilizing a much

1“Attack Submarines — SSN,” United States Navy Fact Files; “Virginia-Class Fast Attack Submarines,” General
Dynamics Mission Systems.
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blunter nose radius to accommodate massive conformal bow sonar arrays, and replacing the
traditional S6G reactor and bladed propeller with a naturally circulating S9G reactor and a
quiet pump-jet propulsor.

Table 5.1: Architectural Comparison: Los Angeles-Class vs. Virginia-Class SSN

Parameter Los Angeles (688i) Virginia (774)

Hulls Constructed 62 (1972–1996) 24+ commissioned (2004–present)
Length / Beam 362 ft / 33 ft 377 ft / 34 ft
Submerged Displacement ∼6,927 tons ∼7,900 tons
Reactor S6G (150–165 MWth) S9G (natural circulation)
Propulsion Bladed propeller Pump-jet propulsor
Torpedo Tubes 4 × 21-inch (different shutter de-

signs)
4 × 21-inch (different shutter de-
signs)

Combat System AN/BYG-1 (recent installs) / legacy AN/BYG-1 (native)
VLS / Payload Module 12 × VLS (688i only) VPM: 4 large-diameter tubes

(Blk V+)
Documented SLMM Use Yes (public record) Not publicly documented

Secondary sources have cited differences in torpedo tube shutter design between the two
classes. Some analyses have also pointed to combat-system integration barriers. However,
it is important to note that the AN/BYG-1 combat system is now installed on both Virginia-
and Los Angeles-class submarines; NAVSEA recently highlighted USS Hartford—a Los Ange-
les boat—operating a recently installed BYG-1 variant.2 This means the causal story is more
complicated than a simple “legacy versus digital” explanation.

Source-confidence note: The exact engineering reason the Mk 67 has not been publicly docu-
mented on Virginia-class boats is not established in open primary sources. The mechanical
and software hypotheses discussed here should be treated as informed inference, not confirmed
fact. The gap may reflect engineering constraints, deliberate procurement decisions, classification
barriers, or some combination thereof.

5.2 Modernization Priorities and the Virginia Payload Module

What is clear from the public record is that the Navy’s modernization priority for the Virginia
class was centered on maximizing vertical strike capabilities via the Virginia Payload Mod-
ule (VPM), which adds four large-diameter vertical launch tubes capable of holding 28 addi-
tional Tomahawk missiles, effectively transforming the SSN into a guided-missile submarine.3

Whether legacy mine-warfare integration was deliberately deprioritized, deemed technically
infeasible for the new architecture, or handled through classified channels, the observable re-

2General Dynamics Mission Systems, “Industry Leaders Unite to Deliver Combat System Capability for SSN-
AUKUS,” November 2025.

3“Virginia-Class Fast Attack Submarines (SSN),” General Dynamics Mission Systems.
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Figure 5.2: Virginia-class SSN 774 conceptual profile drawing. The design priorities centered on vertical
strike capability via the Virginia Payload Module (VPM) rather than legacy mine warfare compati-
bility. U.S. Navy illustration, public domain.

sult is the same: publicly documented Mk 67 SLMM capability is currently associated only with
the Los Angeles class.

To the extent that the Mk 67 remains tied to the Los Angeles class in practice, each 688i retirement
reduces the pool of platforms from which the Navy can demonstrably generate clandestine standoff
mining capacity. However, this assessment should be understood as a statement about the public
evidence base, not as a confirmed absolute incompatibility.
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Chapter 6

The Economics of Sustaining Clandestine
Mining Capabilities

The impending retirement of the Los Angeles class forces a critical budgetary and strategic
dilemma upon naval planners: Is the immense financial cost of extending the service life of
aging 688i hulls justified by the necessity to retain the Mk 67 SLMM capability, or are those
funds better allocated to next-generation platforms?

6.1 The Exorbitant Costs of Submarine Life Extension

Nuclear submarines have finite operational lifespans, strictly dictated by the metallurgical
fatigue of their pressure hulls resulting from thousands of pressurization cycles during deep
dives, and the eventual depletion of the uranium fuel within their nuclear reactor cores. To
extend a Los Angeles-class submarine beyond its standard 30-year operational life, the Navy
must subject the vessel to a highly complex, multi-year Engineered Refueling Overhaul (ERO).

Table 6.1: Recent Los Angeles-Class Life-Extension Overhaul Contracts

Vessel Contract Value Shipyard Timeline

USS Hartford (SSN 768) ∼$698M GD Electric Boat, Groton Jun 2021 – Oct 2026 (est.)
USS Boise (SSN 764) $1.173B (cum. mod.) HII, Newport News Overhaul completion; op-

tions to $1.238B

As these figures demonstrate, Los Angeles-class overhaul and life-extension costs can range
from hundreds of millions to well over $1 billion, depending on the specific boat, the scope
of work, and program history.1 These amounts do not factor in the ongoing operational costs
of manning the submarine with a 129-person crew or conducting routine preventative mainte-
nance.

6.2 Budgetary Disparities in Naval Mine Warfare

A holistic analysis of the Department of Defense budget reveals a striking—though recently
shifting—imbalance in U.S. naval procurement regarding mine warfare. The Navy is demon-
strably willing to spend over $1 billion to extend the life of a single 688i submarine, yet it

1“General Dynamics Electric Boat Awarded Contract Mod, USS Hartford,” General Dynamics, July 2022. The
Boise cumulative modification figure is from the February 2024 NAVSEA contract announcement.
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historically underfunded the actual naval mines that provide the submarine with its unique
asymmetric capabilities. Recent budgets, however, suggest a genuine course correction.

Total Weapons
Budget

688i Over-
haul (per hull)

Mine Procure-
ment (FY2020)

SLMM Life-
cycle Total
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FY2020 Navy Budget Allocations vs. Mine Warfare Spending

Figure 6.1: Stark budgetary disparity between overall Navy weapons procurement, individual submarine over-
haul costs, and total mine warfare investment. Offensive mine procurement in FY2020 repre-
sented merely 0.125% of the weapons budget.

In fiscal year 2020, the Navy’s total weapons procurement budget stood at $4.134 billion.2 Of
that figure, a mere $5.183 million was allocated specifically to offensive mine procurement—
exactly 0.125 percent of the weapons budget. Over the entire lifecycle leading up to 2020, the
combined cost of the Quickstrike family and the SLMM programs amounted to only $84.136 mil-
lion.

However, this FY2020 snapshot no longer reflects the current trajectory. The FY2025 Presi-
dent’s Budget (P-1) shows maritime mine funding at $58.8 million in FY2024 and $100.065 mil-
lion requested in FY2025—a nearly twentyfold increase from FY2020 levels.3 This ramp likely
reflects renewed institutional interest in modernized mining capabilities, driven by the same
great-power competition dynamics that motivate this report.

The historical pattern was clear: the Navy treated the multi-billion-dollar submarine platform
as the primary strategic asset while starving its mine munitions of investment. The FY2024–
2025 budget ramp suggests that pattern is beginning to change, but the policy question remains
whether reinvestment is being allocated in a way that closes the crewed-platform bottleneck fast
enough.

2“Disputing Chinese Sea Control Through Offensive Sea Mining,” DTIC, AD1147961.
3FY2025 Procurement Programs (P-1), Office of the Under Secretary of Defense (Comptroller).
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6.3 Inventory Status versus Operational Availability

The draft of any serious policy argument about the Mk 67 must distinguish between inventory
status and usable capacity. The Navy reports that approximately 24 Los Angeles-class and 24
Virginia-class boats are in commission, and official SSN fact files describe attack submarines
as platforms that “engage in mine warfare.”4 But GAO’s 2026 assessment of submarine main-
tenance and readiness reveals a system under severe strain:

• 3,454 cumulative days of attack-submarine maintenance delay across FY2021–FY2025.

• 809-day average depot periods, far exceeding planned timelines.

• A projected 15 attack submarines entering more than 14,000 days of inactive idle time
through FY2030 absent mitigation.

• Roughly $4.2 billion spent from FY2016–FY2025 on delayed or idle attack submarines.5

This means that even if the Mk 67 remains “in service” on paper, the combination of hull
retirements, overhaul delays, idle time, and competing mission demands is steadily eroding
the actual capacity to employ it at scale or at speed. Policymakers concerned with usable
combat power, not catalog listings, should focus on this readiness dimension at least as much
as on weapons compatibility.

The most incisive policy takeaway from this chapter is that the United States should not confuse
preserving the Mk 67 with preserving the right architecture. The long-term objective should be
to preserve the effect—clandestine, precise undersea mining—not the legacy hardware chain that
currently delivers it.

4“Attack Submarines — SSN,” United States Navy Fact Files.
5GAO-26-108888, “Navy Attack Submarines: Maintenance Challenges Persist and Affect Fleet Readiness,”

2026.
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Chapter 7

Doctrinal Application I: Operation Epic Fury
and the Strait of Hormuz (2026)

The immense strategic value of the Mk 67 SLMM is sharply highlighted when evaluated
against contemporary real-world conflicts, most notably the ongoing United States and Israeli
military campaign against the Islamic Republic of Iran, officially designated Operation Epic
Fury, which commenced on February 28, 2026.1

7.1 The Strategic Landscape and the Iranian Threat

The conflict was ignited by persistent Iranian proxy attacks and the breakdown of negotiations
regarding Iran’s nuclear proliferation. In a coordinated, massive preemptive strike (coupled
with Israel’s Operation Roaring Lion), U.S. and Israeli forces decimated Iranian leadership—
including the assassination of Supreme Leader Ali Khamenei—and severely degraded Iranian
air defenses and ballistic missile infrastructure utilizing B-2 stealth bombers and Tomahawk
strikes.

In desperate retaliation, Iran initiated a massive asymmetric campaign targeting maritime in-
frastructure and attempting to execute its long-standing threat to close the Strait of Hormuz.
The Iranian Islamic Revolutionary Guard Corps Navy (IRGCN) relies heavily on a doctrine
of asymmetric naval warfare, utilizing swarms of armed fast-attack craft and, crucially, a vast,
deeply entrenched arsenal estimated to contain between 3,000 and 6,000 naval mines.

Table 7.1: Operation Epic Fury — Maritime Economic Impact Indicators

Indicator Status (as of March 2026)

Strait of Hormuz Transit Volume Near-halt; daily tanker passages dropped to zero from 37 (Reuters)
WTI Crude Oil Price Surged past $110/barrel
Iranian Attack Drone Volume ↓ 95% reduction (per SecWar Hegseth; official U.S. claim)
IRGCN Naval HQ Destroyed (per U.S. official statements)
Iranian Mine Arsenal (est.) 3,000–6,000 naval mines
War Risk Insurance Sharply higher premiums; London marine insurers still offering cover

(Reuters)

The threat of these mines has severely disrupted global shipping. Reuters reported that Strait

1“Operation Epic Fury: Decisive American Power to Crush Iran’s Terror Regime,” The White House, March
2026.
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Figure 7.1: Map of the Strait of Hormuz, the narrow 21-mile-wide geographic chokepoint connecting the Per-
sian Gulf to the Gulf of Oman, through which nearly one-fifth of the world’s global oil and natural
gas supply transits. Source: U.S. Government / University of Texas Perry-Castañeda Library, pub-
lic domain.
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of Hormuz traffic ground to a near-halt in early March, with daily tanker passages dropping
to zero from a pre-conflict baseline of 37—a more severe disruption than the commonly cited
“70 percent decline” figure.2 Global markets reacted violently, with WTI crude oil surging
past $110 per barrel. The maritime insurance industry faced sharp premium increases, though
Reuters reported that London marine insurers were still offering coverage, albeit at substan-
tially higher rates—a distinction from outright cancellation.3

Figure 7.2: Hull damage to the guided-missile frigate USS Samuel B. Roberts (FFG-58) after striking an
Iranian mine in the Persian Gulf, April 1988 during Operation Earnest Will. The blast fractured the
ship’s keel and injured over 60 sailors. U.S. Navy photo, public domain.

7.2 The Decision Calculus for Clandestine Mining in the Gulf

As Operation Epic Fury enters its subsequent phases in mid-March 2026, U.S. Central Com-
mand (CENTCOM) has achieved air superiority and severely degraded the IRGCN. However,
hunting down every remaining Iranian fast-attack craft or hidden minelayer along the highly
convoluted, mountainous Iranian coastline using expensive aviation assets is inefficient and
dangerous due to residual man-portable air-defense systems.

The Mk 67 SLMM could, in principle, provide a standoff tool for containing residual IRGCN
sortie capability. A 688i SSN operating submerged in the Gulf of Oman could launch SLMMs
to autonomously transit into the shallow approaches of Iranian ports. The demonstrated prece-
dent of a Los Angeles-class submarine destroying an Iranian warship with a Mk 48 torpedo in
early 2026 confirms the platform’s ability to operate with impunity in the theater.4

2“Iran war: see how tanker traffic collapsed in Strait of Hormuz,” Reuters, March 6, 2026.
3Ibid.
4“Why Iran’s warship ‘didn’t have a chance’ against a Los Angeles-class submarine,” Task & Purpose, 2026.
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Figure 7.3: Overview map of the Persian Gulf theater, illustrating the confined maritime geography. Major
Iranian naval facilities at Bandar Abbas sit at the narrowest point of the strait. Source: Wikimedia
Commons, public domain.

However, the deeper and more defensible policy question is not “how should the U.S. bottle
the IRGCN?” but when offensive covert mining in the Gulf would be strategically worth
the costs relative to alternatives. A responsible decision framework would weigh:
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Operational Assessment

Escalation Risk. Offensive mining of Iranian ports constitutes a qualitative escalation
beyond strike operations. It creates persistent, autonomous lethality that is difficult to
“turn off” on short notice, raising conflict-termination complications.

Neutral Shipping and Coalition Management. The Strait of Hormuz is a global choke-
point. Any mining campaign in the approaches risks endangering neutral commercial
shipping, complicating coalition support, and potentially violating obligations under
UNCLOS transit-passage provisions.

Insurance and Economic Costs. Even the threat of mines has driven tanker passages
to zero. Actual confirmed SLMM employment would extend the global energy-market
disruption well beyond the conflict itself, given the months-long post-conflict clearance
timelines.

Alternative Options. The same area-denial effect might be achievable through per-
sistent submarine patrol, aerial Quickstrike-ER employment from standoff, or kinetic
strikes on IRGCN piers—options that offer greater reversibility.

The SLMM’s multi-influence pressure sensors make it highly resistant to Iranian MCM capa-
bilities, which is a genuine tactical advantage. But a whitepaper-grade assessment must ac-
knowledge that tactical effectiveness is a necessary, not sufficient, condition for employment.
The strategic question is one of escalation management, coalition equities, and proportionality
under IHL—not target geometry.
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Chapter 8

Doctrinal Application II: The First Island Chain
and Sino-American Standoff

While Operation Epic Fury in the Middle East raises the question of clandestine mining against
an asymmetric adversary, a potential high-intensity standoff with the People’s Republic of
China presents the ultimate test for United States offensive mining doctrine. The 2024 China
Military Power Report confirms that the PLAN is the world’s largest navy with 370+ plat-
forms, expected to grow to approximately 395 by 2025 and 435 by 2030; the submarine force
alone is projected to reach 65 boats by 2025 and 80 by 2035.1 This fleet is augmented by an
extensive A2/AD umbrella comprising land-based anti-ship ballistic missiles (the DF-21D and
DF-26), hypersonic glide vehicles, and dense SAM networks designed to deny U.S. Navy ac-
cess to the Western Pacific.

Iran and China should not be treated as parallel cases. In the current Iran conflict, the domi-
nant policy questions are escalation, shipping security, and defensive MCM in a globally vital
chokepoint. In a China contingency, the dominant questions are campaign delay, denial, and
distributed maritime operations across multiple chokepoints against a much larger, more tech-
nically capable navy.

8.1 Reversing A2/AD through “Maritime Pressure” and Offensive Mining

To counter Chinese numerical superiority and mitigate the extreme risks to U.S. Carrier Strike
Groups operating within range of Chinese mainland missiles, prominent U.S. strategic literature—
such as reports from the Center for Strategic and Budgetary Assessments (CSBA)—increasingly
advocates for a strategy known as “Maritime Pressure” or “Offshore Control.”2

The geographic reality of the Western Pacific dictates that the PLAN is effectively boxed in by
geography. To project power into the deep waters of the Philippine Sea and the broader Pa-
cific Ocean—to threaten Guam or Hawaii—Chinese surface action groups and nuclear ballistic
missile submarines (SSBNs) must transit through the narrow, shallow straits of the First Island
Chain. These critical chokepoints include the Miyako Strait near Japan, the Taiwan Strait, and
the Bashi Channel near the Philippines.

Offensive, clandestine mining of these specific chokepoints is widely considered a highly ef-

1“Military and Security Developments Involving the People’s Republic of China, 2024,” Office of the Secretary
of Defense, December 2024.

2“Tightening the Chain: Implementing a Strategy of Maritime Pressure in the Western Pacific,” CSBA.
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Figure 8.1: Geographic boundaries of the First and Second Island Chains in the Western Pacific. The narrow
straits of the First Island Chain—including the Miyako Strait, Taiwan Strait, and Bashi Channel—
form natural chokepoints ideal for clandestine offensive mining. Source: Wikimedia Commons.
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fective, low-risk method to bottle up the Chinese fleet within the near seas.3 The Mk 67 SLMM
would serve as the absolute vanguard weapon in this scenario. Because Chinese underwa-
ter acoustic arrays, maritime patrol aircraft, and anti-submarine surface vessels would aggres-
sively screen these straits during a crisis, a U.S. Los Angeles-class submarine could not survive
hovering directly in the center of the strait to lay traditional mines. Instead, the SSN would
leverage the SLMM’s 8-mile standoff range to seed the chokepoints from the absolute fringes
of detection, firing the weapons into the strait from the relative safety of the deeper Philippine
Sea.

Table 8.1: First Island Chain — Critical Chokepoint Analysis

Chokepoint Width Depth Strategic Significance

Miyako Strait ∼250 km Moderate Primary PLAN transit route avoiding Japanese territorial wa-
ters

Taiwan Strait ∼130 km Shallow Critical for any PLA amphibious assault on Taiwan
Bashi Channel ∼100 km >5,000 m Key SSBN egress route to deep Pacific
Luzon Strait ∼250 km Very deep Preferred submarine transit corridor

The sudden, unannounced presence of Mk 67s—immune to standard sweeping due to their
pressure sensors—would impose operational dilemmas. If a Chinese amphibious assault ship
or Type 055 destroyer triggers a mine, the PLAN would be forced to halt movement and initi-
ate time-consuming mine clearance operations. This delay could critically disrupt any highly
synchronized amphibious assault timetable against Taiwan.

However, moving from geographic intuition to campaign-grade analysis requires quantifying
several dimensions that the chokepoint logic alone does not address:

• Delay effect: How many hours or days of PLAN delay does a given density of SLMMs
produce? What is the minimum minefield density required to force a full-stop clearance
operation versus a risk-acceptance decision to transit anyway?

• Counter-mine timelines: The PLAN is investing heavily in unmanned mine-hunting, route-
clearance, and seabed sensing. What are realistic Chinese MCM timelines, and how do they
interact with the Mk 67’s multi-influence resistance?

• Allied economic costs: Approximately $5.3 trillion in global trade transits First Island
Chain waters annually. Mining these chokepoints simultaneously severs allied supply
chains, halting semiconductor exports from Taiwan and disrupting Japanese and South
Korean economies.

• PLAN counter-responses: A stronger analysis would red-team the Chinese response: ISR
on likely SSN launch positions, patrol bottlenecks, decoys, and political framing against
neutral-shipping violations.

3“Taking Mines Seriously: Mine Warfare in China’s Near Seas,” U.S. Naval War College Digital Commons.
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8.2 Legal Complexities and Second-Order Strategic Effects

The deployment of offensive mines in international straits carries profound legal, economic,
and geopolitical ramifications that extend far beyond simple military tactics. The legal frame-
work governing these actions is primarily articulated in the San Remo Manual on International
Law Applicable to Armed Conflicts at Sea (1994).4

According to the San Remo Manual, mining international straits is generally permissible pro-
vided the mines are directed against legitimate military objectives, such as the denial of sea
areas to the enemy (Article 80). The Mk 67 SLMM inherently aligns with several critical Inter-
national Humanitarian Law (IHL) provisions much better than older, indiscriminate models:

• Articles 81–82 Compliance: Because the Mk 67 is a bottom mine that settles on the seabed
and features circuitry designed to deactivate after a pre-programmed period, it aligns with
provisions forbidding free-floating, unanchored mines.

• Articles 83–84: Parties are required to notify mine placement and record mine locations
to facilitate post-conflict clearance, creating potential operational-security tensions with
covert employment.

• Article 89 Tension: Transit passage through international straits must not be impeded un-
less safe, convenient alternative routes are provided to neutral shipping. Mining the Tai-
wan Strait or Bashi Channel would effectively constitute a maritime blockade.

• Neutral exit and post-conflict clearance: Articles 80–89 collectively impose obligations
regarding neutralization, notification, safe alternative routes, and clearance that extend
well beyond the conflict itself.

While a blockade masterfully achieves the military objective of severing Chinese logistics and
isolating PLA forces, it simultaneously paralyzes allied supply chains, halting the export of
semiconductors from Taiwan and crippling the economies of Japan and South Korea. There-
fore, the use of the Mk 67 SLMM in a strategic standoff with China requires a delicate, high-
stakes calculus, carefully weighing absolute military necessity against the catastrophic risk of
triggering a global economic depression and navigating complex legal challenges under Arti-
cle 2(4) of the U.N. Charter regarding the use of force.

4“San Remo Manual on International Law Applicable to Armed Conflicts at Sea, 12 June 1994,” ICRC IHL
Treaties.
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Chapter 9

Next-Generation Kinetic Successors: Over-
coming the SLMM’s Obsolescence

The strategic reliance on the aging Los Angeles-class submarines and the fundamental obso-
lescence of the 1960s-era Mk 37 torpedo architecture makes the Mk 67 SLMM an entirely un-
sustainable long-term asset. Acknowledging this severe vulnerability, the United States Navy
has aggressively initiated a comprehensive suite of advanced, heavily unmanned mining pro-
grams designed to completely overhaul, modernize, and dramatically expand the nation’s
clandestine offensive mining capabilities.

9.1 Aerial Innovations: The Quickstrike Family Expansion

While the primary focus remains on covert, subsurface delivery, the Navy has heavily mod-
ernized its aerial delivery capabilities. The traditional Quickstrike family of mines (Mk 62,
Mk 63, and Mk 65) rely on converting standard 500-pound, 1,000-pound, and 2,000-pound un-
guided free-fall bombs into shallow-water bottom mines by fitting them with advanced Target
Detection Devices.

To counter the vulnerability of low-altitude delivery, the Navy developed the Quickstrike-J
and the Mk 64 Mod 5 Quickstrike Extended Range (ER). The Quickstrike-J integrates the
mine with a GPS-guided Joint Direct Attack Munition (JDAM) tail kit, allowing for incredibly
precise placement. The Quickstrike-ER represents a massive leap forward by adding a pop-
out wing kit to the JDAM guidance package, allowing U.S. aircraft to release the mines from
high altitudes and loft them to targets from standoff distances of up to 40 miles.

9.2 The Mk 68 Clandestine Delivered Mine (CDM)

To replace the SLMM in the near term, the U.S. Navy developed the Mk 68 Clandestine De-
livered Mine (CDM). Currently in the advanced prototype and operational testing phases,
the CDM is a shallow-water bottom influence mine that ingeniously repurposes the existing,
highly lethal Mk 13 explosive warheads stripped directly from the inventory of aging, decom-
missioned Mk 67 SLMMs.

The strategic shift represented by the CDM is not found in its explosive charge, but in its
delivery mechanism. Rather than relying on a multi-billion-dollar manned SSN, the CDM is
designed for deployment by large, autonomous Unmanned Underwater Vehicles (UUVs). The
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most prominent candidate platform is the Boeing-designed Orca Extra Large Unmanned Un-
dersea Vehicle (XLUUV)—an 85-foot, 85-ton drone featuring a modular payload bay exceed-
ing 33 feet and a 6,500 nautical-mile endurance.1 Public Navy and industry sources clearly
connect the Orca to modular undersea payload delivery, and they clearly describe the CDM,
but the specific Orca–CDM pairing should be understood as an emerging alignment and likely
delivery path rather than a confirmed, locked program-of-record integration.

9.3 The MEDUSA Program: Restoring Tube-Launched Capability

The true, direct kinetic successor to the Mk 67 SLMM is the Mining Expendable Delivery Un-
manned Submarine Asset, universally known as MEDUSA.2 Developed under contract by
General Dynamics Mission Systems for the Naval Sea Systems Command (NAVSEA), MEDUSA
is a highly advanced, tactical, expendable UUV specifically designed to be impulse-launched
from standard 53 cm (21-inch) submarine torpedo tubes.

MEDUSA directly and elegantly resolves the Virginia-class incompatibility crisis. Designed from
its inception with modern, open-architecture digital interfaces, MEDUSA will provide the entire
modern Virginia-class fleet (and remaining Los Angeles boats) with a long-range, high-payload-
placement-accuracy offensive mining capability.

As of early 2026, General Dynamics has achieved significant, rapid risk-reduction testing mile-
stones with full-scale MEDUSA prototypes off the coast of Massachusetts. Unlike the Mk 67,
which is merely a weaponized, blind-firing torpedo, MEDUSA functions as an intelligent,
miniaturized delivery drone. It actively separates the transit vehicle from the explosive mu-
nition, allowing for vastly superior standoff ranges, complex waypoint navigation through
difficult bathymetry, and precise placement accuracy.

9.4 The Hammerhead Encapsulated Effector

Complementing the shallow-water area denial of bottom mines like the SLMM, CDM, and
MEDUSA is the Hammerhead program—a deep-water, moored, autonomous anti-submarine
weapon. Hammerhead represents a modern, highly lethal revival of the Cold War-era Mk 60
CAPTOR (Encapsulated Torpedo) concept.

The Hammerhead consists of an encapsulated lightweight torpedo housed within a moored
canister tethered to the deep ocean seafloor, capable of operating at intermediate and deep-
water depths. Utilizing a passive sonar system, the Hammerhead listens for the acoustic sig-
natures of adversary submarines and, upon confirmed hostile detection, launches its torpedo

1“U.S. Navy Accepts Delivery of First Extra Large Unmanned Undersea Vehicle Test Asset System,” NAVSEA,
December 2023.

2“General Dynamics Testing MEDUSA Submarine Launched Mine Warfare Drone,” Naval News, February
2026.
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for active-homing intercept. Official Navy material describes Hammerhead as a moored influ-
ence weapon for intermediate and deep water; its anticipated delivery via large UUVs such as
the Orca XLUUV would enable deeply layered underwater defenses combining shallow-water
bottom mines with deep-water torpedo intercepts.

Taxonomy note: For analytic clarity, these systems should be categorized by strategic function,
not merely by product name. Mk 68 CDM and MEDUSA are offensive clandestine mining suc-
cessors to the Mk 67. Quickstrike-ER is a complementary aerial-scale mining option. Hammer-
head is a deep-water ASW barrier weapon. REMUS, Mk 18/Viperfish, and Lionfish (discussed
in Chapter 10) are primarily MCM/ISR/battlespace-enabling systems, not Mk 67 substitutes.

Table 9.1: Next-Generation U.S. Navy Clandestine Mining Systems

System Type Delivery Platform Status

Mk 67 SLMM Shallow-water bottom mine LA-class SSN Legacy / Phasing Out
Quickstrike-ER Shallow-water bottom mine Aircraft (B-52, F/A-18) Active / Modernized
Mk 68 CDM Shallow-water bottom mine Large UUV (e.g. Orca) Advanced Development
MEDUSA Expendable UUV minelayer Virginia & LA-class SSNs Prototyping (2024–26)
Hammerhead Deep-water ASW barrier Large UUV (e.g. Orca) Advanced Development
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Chapter 10

The Undersea Campaign Enabler: The RE-
MUS Ecosystem

The systems discussed in the preceding chapter—Mk 68 CDM, MEDUSA, Hammerhead, and
Quickstrike-ER—are offensive mining and ASW weapons. They deliver lethal effects. The RE-
MUS family occupies a fundamentally different role: it is a battlespace-enabling system that
makes offensive mining operations possible, survivable, and effective. This distinction is crit-
ical. REMUS is not a Mk 67 substitute; it is the intelligence architecture without which next-
generation mining campaigns cannot be planned or executed.1

10.1 Technical Specifications of the REMUS Family

Originally conceived and designed by the Oceanographic Systems Lab at the Woods Hole
Oceanographic Institution (WHOI) for coastal monitoring, and currently manufactured by
Huntington Ingalls Industries (HII) following their acquisition of Hydroid Inc., the REMUS
line consists of highly versatile, torpedo-shaped AUVs. The family scales significantly in size
and capability, from the man-portable REMUS 100 to the massive REMUS 6000 capable of
diving to 6,000 meters.

The operational core of the U.S. Navy’s current medium-class UUV efforts is centered on the
REMUS 600 and its highly advanced, next-generation successor, the REMUS 620. Sharing
a 12.75-inch diameter that mimics standard lightweight torpedoes, these vehicles operate at
depths up to 600 meters. The REMUS 620, internally funded and developed by HII’s Mission
Technologies division, features easily swappable, high-density battery modules that provide
an extraordinary operational endurance of up to 110 hours and a maximum transit range of
275 nautical miles at a sprint speed of 8 knots.

Table 10.1: REMUS Family — Key Specifications

Model Diameter Max Depth Endurance Primary Role

REMUS 100 7.5 in 100 m ∼12 hrs Coastal MCM, survey
REMUS 600 12.75 in 600 m ∼70 hrs MCM, ISR, ASW support
REMUS 620 12.75 in 600 m 110 hrs / 275 nmi MCM, ISR, EW, sub-launched
REMUS 6000 28 in 6,000 m ∼22 hrs Deep-ocean survey, search

1“REMUS,” Woods Hole Oceanographic Institution.
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Figure 10.1: Naval Oceanographic Office surveyors prepare to launch a REMUS autonomous underwater
vehicle. The REMUS family serves as the primary intelligence and battlespace preparation
enabler for offensive mining operations. U.S. Navy photo, public domain.

10.2 Integration with the Virginia-Class Submarine

Historically, a major tactical limitation of operating UUVs was the highly dangerous launch
and recovery process, which typically required a vulnerable manned surface vessel. However,
this limitation was systematically eliminated.

In a groundbreaking development in July 2025, a joint engineering and operational team com-
prising personnel from HII, WHOI, and the U.S. Navy’s Naval Undersea Warfare Center Di-
vision Newport (NUWCDIVNPT) achieved a critical milestone: definitively validating the
mechanical compatibility of the REMUS 620 for deployment directly from a Virginia-class sub-
marine’s Mk 71 torpedo tube.2 Utilizing the Autonomous Underwater Vehicle/Shock and Fire
Enclosure Capsule (AUV/SAFECAP) and WHOI’s proprietary Yellow Moray docking technol-
ogy, the Navy proved that modern SSNs can safely launch and recover medium UUVs while
remaining completely submerged and undetected. This successful end-to-end dry checkout
followed a live, in-water forward-deployed launch and recovery of a REMUS 600 by the USS
Delaware (SSN 791).

10.3 Doctrinal Role: The Intelligence Enabler

2“REMUS 620 Validated for Torpedo Tube Deployment,” HII Investor Relations, 2025.
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It is strategically imperative to differentiate the role of the REMUS 620 from the kinetic role of
the Mk 67 SLMM. The REMUS is absolutely not an offensive mine, and it does not carry an
explosive warhead. Instead, it serves as an indispensable intelligence and enabling node. Its
primary mission sets include Mine Countermeasures (MCM), highly detailed hydrographic
surveying, Intelligence, Surveillance, and Reconnaissance (ISR), and Electronic Warfare (EW).

In a modern, multi-domain conflict against a peer adversary like China, the REMUS 620 oper-
ates in absolute synergy with offensive mining campaigns:

1. Battlespace Preparation: Before a massive Orca XLUUV or a Virginia-class SSN using
MEDUSA attempts to covertly seed a minefield, a REMUS 620 autonomously maps the
complex bathymetry, identifies enemy seabed acoustic sensors, and ensures the target
seabed is compositionally optimal for bottom mine placement.

2. Counter-Mine Intelligence: Equipped with the newly integrated Thales SAMDIS 600 multi-
aspect synthetic aperture sonar, the REMUS 620 excels at finding, classifying, and imaging
enemy naval mines, allowing U.S. submarines to safely navigate through contested choke-
points.

3. Persistent ISR: The 110-hour endurance allows days-long autonomous surveillance mis-
sions deep inside denied A2/AD zones.

The successful integration of the REMUS ecosystem into the Virginia class signifies a permanent
doctrinal shift. Mine warfare is no longer a munitions-only issue; it is a systems issue. The fu-
ture architecture encompasses delivery platforms (MEDUSA, Orca), offensive munitions (CDM,
Hammerhead, Quickstrike-ER), autonomous survey and MCM (REMUS 620, Mk 18/Viperfish),
off-board sensing, and post-conflict clearance. That is why all of these systems belong in the same
policy conversation even though they serve different functions.a

a“Navy and Industry Partners Complete Production, Mk 18 Unmanned Underwater Vehicle,” United
States Fleet Forces Command.
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Chapter 11

Strategic Conclusions and Policy Recom-
mendations

The Mark 67 Submarine Launched Mobile Mine still matters—but mainly as a bridge between
a dwindling, crewed Cold War delivery model and an emerging unmanned mine-warfare
architecture. The real policy question is not whether the Navy should cling to the Mk 67,
but how fast it can migrate clandestine undersea mining effects from aging Los Angeles-class
submarines to scalable, legally manageable, coalition-supportable systems.

Preserve the Effect, Not the Legacy Hardware

Keeping Mk 67 capability alive on remaining Los Angeles-class boats is sensible as a near-term
hedge, but it is not, by itself, a good strategic reason to spend heavily on sustaining aging 688s.
The long-term policy objective should be to preserve the effect—clandestine, precise undersea
mining—not the specific weapon-platform chain that currently delivers it. GAO’s findings
on maintenance delays, idle time, and competing SSN missions demonstrate that “weapon in
inventory” is not the same as “capacity in being.”

The Iran and China Cases Are Asymmetric

Operation Epic Fury demonstrates that the Mk 67 retains tactical relevance in a regional the-
ater, but a responsible employment decision must weigh escalation costs, neutral-shipping
obligations, insurance disruption, and coalition equities against the military benefit of port
denial. In the Indo-Pacific, clandestine mining of First Island Chain chokepoints addresses a
more existential threat against a far more capable adversary (the PLAN’s 370+ platform fleet
growing to 435 by 2030), but the open-source standoff range of the Mk 67 is increasingly in-
sufficient against modern Chinese acoustic surveillance. These are fundamentally different
strategic problems requiring different decision frameworks.

The Budget Trend Is Moving, But the Question Is Pace

Mine warfare funding has ramped dramatically from $5.2 million in FY2020 to $100 million
requested in FY2025. The Navy appears to be reinvesting in this domain. But the policy
question is whether that reinvestment is being allocated in a way that closes the crewed-
platform bottleneck fast enough, and whether the emerging systems—MEDUSA, Mk 68 CDM,
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Quickstrike-ER, and associated XLUUV delivery—can reach operational maturity before the
688i fleet shrinks below the threshold of meaningful capacity.

Mine Warfare Is Now a Systems Problem

The era of treating offensive mining as a single munition fired from a single platform is ending.
The future architecture is a layered, multi-domain system: MEDUSA and CDM for offensive
clandestine mining, Hammerhead for deep-water ASW barriers, Quickstrike-ER for aerial-
scale complementary mining, REMUS 620 and Mk 18/Viperfish for MCM and battlespace
preparation, and Orca-class XLUUVs as autonomous delivery platforms. These systems be-
long in the same policy conversation because they collectively define the undersea campaign
architecture—not because any one of them replaces the Mk 67 on its own.

Final Assessment

The Mk 67 SLMM has served as the vital bridge between the manned minelaying opera-
tions of the 20th century and the autonomous, networked seabed warfare of the 21st. Its
core thesis remains sound: a covert, submarine-launched standoff mine fills a niche that
no other weapon currently matches. But the strongest version of this argument is not
a defense of legacy hardware—it is a case for accelerating the migration to scalable, un-
manned successors while being transparent about what the public evidence base does
and does not establish regarding current platform constraints, operational availability,
and the true cost of sustaining this bridge capability.
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