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This study compared the transit time, on-station time,
and snorkeling exposure of diesel-electric-powered,
AlP-lithium-ion battery-powered, and
nuclear-powered submarines using scenarios based on
publicly available data. The results showed that AIP
reduced snorkeling exposure during low-speed patrols
but did not eliminate the time constraints of
long-range transit. By contrast, nuclear propulsion
shortened the transit time and increased the
on-station time. The Suffren-class case further
indicated that translating these time advantages into
operational benefits requires low-noise propulsion,
system integration, nuclear-fuel management,
maintenance infrastructure, and a trained workforce.
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(SSK, conventionally powered attack submarine)2
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Table 1. Mission-scenario inputs and their methodological bases

Parameter

Conventional
diesel-electric

AIP-LIB Nuclear-powered Basis or assumption

Total mission
duration

40,50, and 70 days 40, 50, and 70 days 40, 50, and 70 days

Common scenario; 70-day upper bound based on
Suffren—class endurance [10]

One-way transit 1
distance

,000, 2,000, and 1,000, 2,000, and 1,000, 2,000, and Scenario values representing increasing mission
3,000 NM 3,000 NM 3,000 NM range

SSK range from [11]; AIP-LIB assumed equal; SSN

Transit speed 9 kts (8-10 kts) 9 kts 20 kts (15-25 kts) upper bound from [10]
Patrol speed 4 kts 4 kts Not sep_a.rately Low-speed patrol condition from [11]
specified
 Transit 25% (20-30%) 25% (20-30%) 0% SSKrange from [1 1.]; AP effect modeled by
indiscretion ratio operating duration
Patrol indiscretion 0% during AIP
ratio 8.5% (7-10%) operation; 8.5% 0% SSKrange from [11]; 0% during AIP operation
thereafter
Available AIP . . Scenario range based on published endurance of up
duration Not applicable 10, 15, and 20 days Not applicable to ~20 days [11]

o e, 244 g7 2A4, g AgR g szdos, 70dL HugFol 2/ 3 4
o, AlP ©8 U FHAL e gL 8% WV0e B ARz dos 4AstAr(10]. 30
olth. Al 2| B4} MEEE T} 93 Aol o 9 2L 3,000 NM A7 Avkal Qo) A A4
U, 09 S8 94 Yy gol gl R, 44 g4de] @x) ZAA ko] of 220 BHhstol A4k
o] 9% 27 FUL 9o AWA AwolH 8E A AR Ate)eetr) st o FAzko] Aujst
LAY BEe oujgith B Ao 4 ol 5eA 2wz ddetng A 9jstet. oj4ke] £
ol A 2ATAY 282 HEGERR 2 et JRIZE 7 A A0 Mool BAFO N
Aol W o] Ak 202 M 5}9c), el A7 AA Q] FolRrte o5& Al
Table 1] Ueht 2 70 Qejulsl TA4E 2 oF40] WA L A ZAAZH] 17 = o
of AT 27 /N Wel v TS Jof AT L @S BE WAL 54 ZHA o]
AU e W4z TRt TARANA M92 B AANIL ousix] gom, A Srho] G2 2
AN e FUE 7122 A 02 A48T, A AAAY 532 ¥ L] A5 1,000 NM, 2,000
W9 W7 E R0 el EAEA FL X NM 2 3,000 NME A A5t 0] % 3,000 NM=
%olE&eT QRAY 5L 54 ¢ A4 A% =4 Aol oy B 942 JRE fms)
o2 rEelA @, AT AT AU o LA e getatolt.

2 YA sIgeh Hab R4 AT 55 g o] A7) Aul O -] 27 G4 ol EhEL FAR
Jsgkol obugh, A% ARz ANA 2AAA  #A| AAH 8-10 kes9] EgHel 9 kisS 7] E 0

Aol 7t AAAIZY, WA FAAZ L A2 B0l u]  ShSIch o] FEA Ak ZuE 20-30%9] £
e Qere W@t ALgtolth. deMe Walol W 25%, 4 ks A 2A) A Ak ZH]E 7-10%2] 59

2 23 MEA B BA ARHA GAL As 3 8.5%S A §5eHu].

FIA A=k

A AF717E

AIP.LIB A& Z4=3l0] Hif o]|5 &8} AL

Al FRAA AN SLotA d&st o B I LEARE AFHo|ER, o] 5EHY 2

9o, 409, soo1 270908 BAzxA0Z At Aul UA-AY] 2 A5 ELT 9 kisE A8
Atk o] F 50U A A Fpo 7] dFE A SkAth AIPY A¥E ALSHE YR B o
Eﬂ%ﬂ%14ﬂii4ﬁ¥%q4w%%ﬂéﬂ A, 9% 37 ol 8T+ Ak 7Izro g WY
|7+ A ol 5AIZte] Y¥F= FESHI Atk TR A AP Fdho] 2% 2.8 7]710]

o ge g%

Journal of the KNST 2026; 9(3); pp. 1025-1036 1027



KNST

o oF 209 2 A A Holl wet, AIP AHE 7Hs 71 2HS
109, 159 9 209 2 AA st oH11]. AIP AFE-7]7F
2 A& 2AGA ] A WESHT, A% o] Fo=F
B 2 G S A FHE A S

shsct.

ARG S2 o 7]E o] 552 20 kisE A
g5k, 15-25 kts & WA E 240 A&ttt
20 ktsi= F4] =& o] ofy et g 37

$349 25 kesHEoh A A5 AUE| 2 gholtt
[10]. G E 2 T2 S AT IR 37 55
ol QA Yo g AL ZHE 0%E A-L5 Tt

FE ANAI TS o5 2ol A4ttt

Transis = 2D/ (24V) )

&

ANM T, 5 AN A (day), DE B A
A (NM), Vi 0548 (kes)olth. B 9] 24+ A]
7He A AR ake}7] A Agol . X FAA
b2 QA F7IEeA G5 A A L] 5k
A

N

T

on—station — *mission

];Tansit (3)

ANA T, g @A A AT (day), 7,
AA dF717F (day) o] .

Qi O] F2 R S AnIY A
= o|F A} A 2ATA Y ALEP A
A¥ehel o33} o] A,

o
mission —

M
it S

snorkel = 7—;57'(17L,s‘it [Rtransit + ]—:m*statiou]Rpatral (4)

A7 A IR, IR,y V2 o] s A A
AGA Q] A ZH|o|H, A S
Aboto] A -85t ot

AIP-LIB 28 #4332 AIP A 715 7]7HS @A)
ZAGA O A WjESIIL, AIP 2

=
(e}
0l %] 7ol 2 A 7|7tk Al ZH| 2 H B3R

:Tsnorkel, AIP = (5)
T IR +maX(O’ Tonfstation - TAIP)]R

transit transit ‘patrol

Mo

7| A T,,= AIPZ 0] &35}0] 9B 7| T glo]

¥ i o rlr oo
r

=

Table 20] A== =& 5
=2 Table 19] 7| &2 A& AA5t1, o] &
of 483to] = A t
A2 A7 AEFL 2
= Al47% 9] Table 39, 8 442 Halo] 2
Q7S 42 7He A5 2) Table 40 A4 35k

3. 244 ouix 2 9.8 54

3198 A-17] 24 g4t

Ay O A) FA BT EA G Aol A
2A70] AYE Ao 2NAE| 9 s ]
£ 28%th 244 £8 Sl 0B B ZAY
%9l He 2FAUTE §AT & 9low, o3t
S48 cAgkat 2oH Q) A B D ZHA Qo]
Felsteh v Ao AT 5 QU AUATA
akelo] glo] e A A& A7k Abolo] A A
3ol BT 0] ZrhotH Ao WA W
o £ F7bote] ZAA L wEA 2B, 45
2 QML AP AN ArI IIAES 3
33 98 BR71E S shof Gk, FAAA RO A

A2 o] Al ZH]E 8-10 ks 0|5 P
o) A 20-30%, F 4 kts2] A& Z A o A 7-10% = A|
Al geH{1].

2227 FolE Awd s
olt & HAFE A A EE 5 3

2
e

=)
L,
N
19
N,
b,
2
2y
oft
Mo
>
ofy
jille
02,‘.'4
2
o o
oy m -
NN
O

O]
2

g
o

>,

fol rlo
N

N

>

)

of gelo] A 4 k. ekt of
A Al AP, 714
rol A5t A 8 A5 28

o} obehA 2 Qo] A ) Al

N
Eﬁ

i

L 2
ol
L

2
2
Jx‘:L_lZi
b © oo oo

2
oX,

ol
ol
N,
el
J~J
[

H—‘

Iu

)
)
o
gl
>
)

R

v
o,
=
rr
[>
H_;
il
I
it
R
!; u
==
fru
>,
o
_?L
pach
-Q !

1028 2026; 9(3); pp. 1025-1036 Journal of the KNST



JaeHun Jeong et al., Operational Effects of Introducing Nuclear-Powered Submarines KNST

Table 2. Energy and operational characteristics of the three submarine propulsion categories

Characteristic Conventional diesel-electric SSK Advanced SSK with AIP and LIB Nuclear-powered SSN

Primary underwater Stored battery energy Battery energy and onboard AIP

Nuclear reactor
energy source reactants

Low-speed submerged Not directly limited by propulsion

Limited by battery capacity Extended by AIP operation

endurance energy
Sustained high—power . e . ) )
? Short duration Improved by LIBs but still finite Long—duration operation possible
operation
PropuIS|onf.reIated Periodically required Reduced but not eliminated Not required
snorkeling
Principal operational High quietness during battery Extended patrol endurance and Rapid long-range transit and
advantage operation improved short-term mobility extended on-station time
. . Battery depletion and snorkeling Finite AIP reactants and stored Reactor safety, acoustic
Principal constraint management, cost, and support
exposure battery energy

infrastructure

Same transit speed as the

Representation in this Literature-based speed and : . . Higher transit-speed range and
study indiscretion ratio conve;t(;cgjr;i(?i;}:!:tslt;rat|on zero indiscretion ratio
3.2 AIP-LIB A& T14% A 4] &35} & AFNME ot EAFS F=5HA A S}et
A 7] Al L5 A A gl B ol 5%
ATP®} LIB= 4R HA-7] 370 2o oy A] g S7HeS FolstA Lt tiAl AIP7} Al 3-S5k
Ak AZ THE FAOE HAGT ARAA 59 F/IBL L8710 AN 2AGA ] S wEa
AIP A A= gl A" A= ASHAIE AFEstel 3L, AIP ARE7|ZHo] 2 o] R0t A A -7
E 7l ol dgg AstER, A& 2A S 54 FA LT 220 E A5
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Table 3. Mission-scenario results for a 50-day mission
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Round-trip transit time
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15

Cumulative snorkeling

On-stationtime (days)

distance (NM) (CEYS) time *(days)

Conventional diesel-electric SSK 9.26 40.74 5.78

1,000 AIP-LIB SSK 9.26 40.74 4.50
Nuclear-powered SSN 4.7 45.83 0

Conventional diesel-electric SSK 18.52 31.48 7.31

2,000 AIP-LIB SSK 18.52 31.48 6.03
Nuclear—powered SSN 8.33 41.67 0

Conventional diesel-electric SSK 27.78 22.22 8.83

3,000 AIP-LIB SSK 27.78 22.22 7.56
Nuclear-powered SSN 12.50 37.50 0

"Cumulative snorkeling time is included within the transit and on-station periods and should not be added to the total mission duration.
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Table 4. Sensitivity results for the principal mission-scenario variables™

Sensitivity variable Lower—bound condition Baseline condition Upper—-bound condition
Conventional SSK transit 8 kts: 18.75 days on station, 9 kts: 22.22 days on station, 10 kts: 25.00 days on station,
speed 9.41 days snorkeling 8.83 days snorkeling 8.38 days snorkeling
SSN transit speed 15 kts: 33.33 days on station 20 kts: 37.50 days on station 25 kts: 40.00 days on station

40 days: 12.22 days on station for 50 days: 22.22 days on station for 70 days: 42.22 days on station for

Total mission duration SSK; 27.50 days for SSN SSK; 37.50 days for SSN SSK; 57.50 days for SSN

Transit/patrol indiscretion

ratio 20%/7%: 7.11 days snorkeling 25%/8.5%: 8.83 days snorkeling 30%/10%: 10.56 days snorkeling

Available AIP duration 10 days: 7.98 days snorkeling 15 days: 7.56 days snorkeling 20 days: 7.13 days snorkeling

"Unless the total mission duration is varied, the analysis assumes a 50-day mission and a one-way transit distance of 3,000 NM.
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