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Safeguarding the US Militaryôs Global Reach

Discussion of K(C)-Z design considerations with                     

with NDIA Aircraft Survivability Workshop
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ÅThe current US aerial refueling architecture of surface infrastructure, command, 

control, and communications (C3), and tankers is inadequate to counter the threat 

posed by China and support new airpower concepts.

ÅDoD needs new aerial refueling concepts and capabilities to allow the Joint Force to 

conduct operations in a more effective, distributed, and sustained manner.

śThe most cost-effective improvements are in the areas of surface infrastructure and C3. 

ÅEvolved USAF tanker fleet can be more operationally effective and fiscally 

sustainable by:

śEnhancing the survivability of some current tankers with new C3 and self-defense 

capabilities.

śProcuring a Bridge Tanker force that provides high-capacity offload at range. 

śAccelerating development and fielding of a new design, highly efficient medium-sized 

tanker, referred to as Advanced Air Refueling tanker or K-Z/KC-Z.

Key findings
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By acting decisively, USAF can boost its aerial refueling capacity in the 

Indo-Pacific by 63% within a decade and overcome budgetary 

headwinds to transition to a more effective future force within 15 years.
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ÅAttrition to aircraft on the ground and in the air

ÅDamage to surface architecture

ÅVirtual attrition imposed by threats to C3 and 

changes in operations

Threats to refueling can degrade                                           
or constrain operations

Slide 3

Adversaries can attack airfields and aircraft at long ranges
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Proposed attributes of the future 
aerial refueling architecture
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Changes to tankers
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KC-46A

Lockheed Martin Next 
Generation Tanker 

(LMXT) (A330 MRTT)

Existing tankers                              
(Bridge Tanker)

New design tanker concepts (K-Z)

Very low observable 
flying wing

Very small UAS tanker

Design concepts 
can be scaled to 
medium or small-
capacity tankers

USAF can field new tankers to complement KC-46A.

Low observable            
flying wing or 

blended/hybrid wing body

Lightweight, efficient tanker
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Force extension provides great operational value
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2) Force extension: tanker extend/consolidation tanking
Multiple tankers take-off One tanker refuels others Full tankers continue mission

3) Force extension: shuttle/yo-yo tanking
Larger tanker refuels smaller 

tanker outside contested area

Smaller tanker refuels aircraft in 

contested area
Aircraft conduct operations in 

contested area

1) Force extension: mutual base support tanking
Aircraft launch on warning of attack Tankers sustain orbiting aircraft; 

tankers from other bases surge to support

Aircraft recover at own or divert 

bases

Force extension confers ability to conduct long-range 

operations, tactical flexibility, and resilience to force.
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Å Multi-stage delivery of fuel is in most cases less efficient than single-stage deliveries. 

ś Applies across aircraft type mixes and most ARCP ranges

ś Large/small combinations require too many tankers in the cycle and inefficiently use ramp space. 

Å Future tanker designs should incorporate universal receiver capability but should not be optimized for force extension.

However, tanker designs should not depend on 
force extension
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Comparison of the efficiency of force extension and non-force extension tanker operations

FEL: KC-46A FED: LMXT (A330 MRTT) with 2 K-Z(M) FED: LMXT (A330 MRTT) with 2 K-Z(S)

FED:  LMXT (A330 MRTT) with 2 KC-135 FED: KC-46A with 2 K-Z(M) FED: KC-46A with 2 K-Z(S)

FED: KC-46A with 2 KC-135 IT: LMXT (A330 MRTT) IT: KC-46A

IT: K-Z(M) IT: K-Z(S) IT: KC-135R

IT: KC-10A

FEL: Force 
extension 
among like 
types of aircraft
FED: Force 
extension 
among 
dissimilar types 
of aircraft
IT: Individual 
tanking (no 
force extension)

Primary 
tanker 
airfield

Divert/forward tanker airfield

Depiction of force extension
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Å Tanker survivability should focus on low-cost, high impact options to reduce signatures and boost defenses, while 

decreasing receiver standoff distance from ARCP.

ś Reduction in size of future tanker and shaping best practices could reduce effective signature at moderate cost;             
C3 upgrades and soft and hardkill countermeasures could grant significant protection

Å Very low observable tanker would be expensive to develop and procure.

ś Costs may foreclose other investments in aerial refueling enterprise

ś Tanking will likely be a high signature event that would raise signatures

Tanker survivability can be enhanced                                
at moderate cost
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Impact of tanker options on operational performance and cost

Stand-in tanker provides major tactical value at moderate cost.
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Å RDT&E costs affect procurement but are not 

determinative.

Å By pursuing a moderate cost K-Z(M) design, 

USAF can develop and mature new self-defense, 

automation, autonomy, and boom technologies 

for current and K-Z tankers.

New design tankers can be economically fielded
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Cost to field and capability gained by 150 tankers

Estimates
LMXT            

(A330 MRTT)
KC-46A K-Z(M) K-Z(S)

Total budget ($B) 23.8 23.8  23.8  23.8  
Additional RDT&E costs ($B) 0.28 N/A   6.93 4.62 
Procurement budget for 
tankers ($B) 23.52 23.8 16.87 19.18
Tanker cost per pound ($) 848 938 1,164 931 
Aircraft APUC ($m) 225 191 111 65 
Aircraft annual O&S cost ($m) 18.11 16.97 10.93 9.63
Potential fleet size 104 124 152 294

Airbusô Automatic Air-to-Air 

Refueling system on an 

A330 MRTT refueling a 

Portuguese Air Force F-16

Boeing patent for hybrid 

boom/drogue design

Potential tanker fleet size based on spending over a 
decade ten times PB 2022 tanker procurement costs 
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With decisive cross-portfolio trades, USAF can start to swiftly 

transition this decade to a resilient force that is more                 

operationally effective and fiscally sustainable. 

Conclusions
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ÅEnhancing the capacity and robustness of surface architecture should be 

a top priority for DoD.

ÅC3 improvements can greatly improve operational efficiency and 

effectiveness.

ÅBridge Tanker force should provide high-capacity offload at range and 

pave the way to evolve the tanker fleet.

ÅSmall or very small tankers are not good fits for USAF requirements.

ÅUSAF needs K-Z (or KC-Z) that is efficient in terms of fuel consumption, 

ramp space, and lifecycle cost and is capable of offloading fuel at range, 

including in slightly contested environments.
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Discussion
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Timothy A. Walton (twalton@hudson.org)
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Aerial refueling reference slides
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ÅAging, expensive to operate tanker fleet

ÅTanker force faces straining tempo and deepening capacity gap, aggravated by 

delays in fielding KC-46A

ÅHigher combatant commander demand for tankers

DoD concerns regarding aerial refueling force               
are growing
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Å Lack of suitable airfields a major limitation to aerial refueling 

operations

ś Combination of airfield runway length and firmness, apron 

space and firmness, fuel storage, and access to fuel 

distribution.

ś Particularly acute in the Indo-Pacific

Å Fuel storage gaps and dearth of distribution systems

Refueling operations limited by access to                    
suitable airfields and fuel
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8,000-8,999

6,000-7,999

Airfield lengths (ft)

553 airfields in NATO 

countries in Europe

279 airfields in US and ally 

territory in Pacific and 

Indian Oceans
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Estimated ramp space (millions of ft2)

Relatively few airfields in Indo-Pacific                                       
have both ample ramp space and fuel stores

Civil airfields

Joint airfields

Military airfields

Laydown of potential airfields used by tankers in a conflict with the PRC
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Å Joint Force distribution across and within theaters

śACE, Adaptive Basing

śDMO, EABO, MDO

Å Longer-range and more dynamic operations

śHigh tanking demand across scenario types

Å New platforms capable of aerial refueling

śP-8A and E-2D

śPlanned MQ-25A buy enables recovery and mission 

tanking, but CVWs may require equal or greater USAF 

tanking support due to increased CVN standoff distance.

New concepts and capabilities are increasing 
demand for aerial refueling
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USAF F-15s practice rapid refueling in support of ACE

MQ-25 test asset refuels a US Navy F/A-18F fighterRAAF KC-30 refueling USN P-8A
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Defeat PRC coercion

Deterrence 
in theater

Deterrence 
in theater

Support to ally

Support for nuclear 
deterrence

Provide for 
homeland defense

Scenario or mission impacting shaping 
and sizing of aerial refueling force

{ŎŜƴŀǊƛƻ ǘƘŀǘ ƛƳǇŀŎǘŜŘ ǎǘǳŘȅΩǎ 
shaping of aerial refueling force
Ongoing missions impacting aerial 
refueling force 

Defeat Russian 
aggression

Counter-violent 
extremist organization 
operations

Support allied 
response

Global deployment and 
employment of the force 
and training

Defeat PRC 
aggression

Deterrence 
in theater

Study assessed enterprise using scenarios and CONOPS

Slide 16

Wide range of demands necessitate                

scalable and sustainable aerial refueling force.


