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Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

Summary

The Col(uSnSbBiRa6 ) palogsrsam, previously known as the O
(ORP) or SSBNg§ Xprepopgogmatmo design and build a new
submarines (SSBNsy dwr remptl afeaelr atshse o SNSaRBvMys .OhTTilne Na v
ident h(RoileudmHias s pgs ogh'ea mNepypriority program. The
procure thaecfFasstbCoThmbNE¥PFrODIlos9bddE¥20tequests
$3, 0mM5 .13 ion in advance prd>C4miYd thadmtn @ AR ) efSemdicrhg
devel opment funding for the program.

The Navy as of Jdahevapyo2@t?ihentdi emehs¢p afm tthe cl a:
$8b211ion in constant 2017 dollars, not includin
uni

plans fomdthhechaosessage t procurement cost of
$6.5 badthioanstant AMYAQPIr71 1dRI011&8r sGovernment Accoul
(GAO) report assessing selected major DOD weapon
estimated total acqucilsaistsi opnr ocgorsatm oifs t$hle0 2C o0l 7uSmb3i a
$102.1 billion) in constant FY2018 dollars, incl
research and development costhklamd) $88, df7dc 3r enmd
Observers are conceCokbdmidibesst prhbkrekampasont hke Na
abitldéduwirydp rtohmeneotdhfer types of isnhitphse at0 2des iamedd eraar
2030s

Issues foffoCOmpgmlesadass HoogPH@MONlude the foll owing:

e whether to approve,’'sr #8&@th,di mrgf mediiufeys tt he Na
the progr am;

e cost, schedul e, Caodumdombi gpamldgriasnk in the

e the prospectiv€odfifodiadsash iplmidtgyr aef ptot e nt i al
i mpadtunan ng aot hicl apNloaegy faonmrs .

This repor tColowcmbsieas s opy 6 eNanvy s hi pCRSi IRkipmog tpr og
RL336dJ4®B,.t eSgirca Nucl ear Forces: Backgbhpuhmdy MmDevel o
Wo o,Hifs cus €e b umh eaas calna sesl e ment of future U. S. stra
cont sxtradfe gic nuclear. arms control agreements
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Introduction

This report provides background information and
Col umbsima pr,agprmgram to design and build a new ¢
submarines (SSBNsy dwr reptl afeaelr atshse oISNSaBvMpsr.@lgir @ m

wapreviously known as the Ohio repl.dbem&davyprogr
has i1ide®oil iimddaastsheps otgh’ea mNo py pr i olrthiet Nap/ryo gvraanth.s t

procur eCalhemitfiass s nb FXPWE& INawyoposed FY2019 budget
$3,005.3 million in advanOd.pPprmebtemantin( AR} efinn
devel opment funding for the program.

The rogram poses a number of fDencdisngnand havter si

p
Congress nfaokleusmHoims ¢ h@go wlgd asnubstantially affect U
capabi lfiutnideisn ga ntrde qui r ement s, and the U.S. shipbu

For an oherstewtefgitc and btuhlewd tuantyaascso mptmedxgtr ainmm wl
ot he Navy shipbuilding (pRSo gReapnosr thhaRyly3b2B6o6c50,@ s i d e r
Structure and Shipbuilding Pl,ansy Bamrklgd o@'nRlo wamid

—

This reportCdodlocmbbieas s opy tdeNanvynghppbgradnch. Anot he
CRS r-e(®RSr tRepor tU.RSL3 3S6t40a,t egi ¢ Nucl ear Forces: Ba
and LsdyesAmy—dFs c We &b F umh eaas calnasesl ement of future
nuclear forces 1in t haer ntso nctoenxttr oolf asgtrreaetneegnitcs .nucl e

Background

U.S. Navy SSBNs in General

Mi ssion of SSBNs

ThE. S. oNaevryat es tshurbemea—+ki incelpavew € d att ack submarine
nucilpoarered cruise misgsidbumd dpobvmarcidn bsal (1S $SENsc) mi s
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submarineTheSSBNs) and S8 6&Ns omr ¢ hmpwa rtiheatty poefr f o r 1
peacetime andWheyidme miotssiomsy nuclear weapons.

The SSBNs,péenfoomtamspspido mgliicadndicl earTdeperfremme
this mission, SSBNs-lamamchreme bawiltilbktd wbmasisnd es (
larger,angengmi ssiles armed with multiple nuclear
from-dliaarngeet er vertsi dwlcaltzuWndmh thk *Mhdd88SBNection
basic mission is to remasam dedw@enaanucdaawi ahtthk
UnitedbyStanotsher country by demonstrating to oth
as suredssecbhadcapability, meaning a survivable s
nuclaea amck.

Navy S8BiNeh are sometimesboomEficcm oowe ihdgrmblil
U. S. strategic nutcd whtiadhs toe n mebldusddeds r idmatnedmcont i ne
ballistic miss iblaecsse d¢ bl@olnkgs b oambeé rsandt any given
the WaS8$§BNs are conducting nuclear dseterrent pat
(DOD) repor 8Nuocenl otshteu 2¢0 IReved wac MNBRPppn EBechteasry 2,
the following

Ballistic missile submarines are the most survivable leg of the triad. When on patrol,
SSBNs are, at present, virtually undetectable, and there are no knowternearedible
threats to the survivability of the SSBN force. Nevertheless, we will continue to hedge
against the possibility that advances in-aotbmarine warfare could make the SSBN force
less survivable in the futufe.

1In the designations SSN, SSGN, and SSBN, the SS stands for submarine, N stands fepowelear (meaning the

ship is powered by a nuclear react@)stands for guided missile (such as a cruise mis&ilg)ands for ballistic

missile

As shown by the “Ns” IS, MagyNubmaisesarie nuctgamvderedRhBrifiaviesaoperate

nonnuclear powered submarines, which are powered by energy sources such as dieseAenginesb mar i ne’ s use of
nuclear or nomuclear poweas its energy source is not an indication of whether it is armed with nuclear weapons

nuclearpowered submarine can lack nuclear weapons, and-augdearpowered submarine can be armed with

nuclear weapons.

2 These missions include covert intelligenserveillance, and reconnaissance (ISR), much of it done for natawel

(as opposed to purely Navy) purposes; covert insertion and recovery of special operations forces (SOF); covert strikes

against land targets with the Tomahawk cruise missiles; toffensive and defensive mine warfare; atbmarine

warfare (ASW);andani ur face ship warfare. The Navy’s four SSGNs, whi
larger numbers of Tomahawks and SOF personnel than can the SSNs. SSGN operationsntlynsegufocus more

strongly on Tomahawk and SOF missions than do ESBSN operatio
Report RL32418Navy Virginia (SSN'74) Class Attack Submarine Procuremddckground and Issues for

Congresshy Ronald O'RourkeandCRS Report RS2100Ravy Trident Submarine Conversion (SSGN) Program:

Background and Issues for Congrelsg Ronald O'Rourke

STh e N aomsyrategic nuclearweapensne aning all of the service’s nuclear wea
launched ballistic missiles (SLBMs)were removed from Navy surface ships and submarines under a unilateral U.S.

nuclear initiative announced by President Georgé/HBush in September 1991. The initiative reserved a right to

rearm SSNs at some point in the future with nuetgared Tomahawk land attack missiles (TLAW) should

conditions warrant. Navy TLAMNs were placed in storagportanthe2010OfNpcleart t his opt
Posture Review (NPR), released on April 6, 2010, states that the United States will retire theNELAM partment

of DefenseNuclear Posture Review Repoftpril 2010, pp. xiii and 28.)

4 SSBNs, like other Navy submarines, atgo equipped with horizontal torpedo tubes in the bow for firing torpedoes
or other torpedeized weapons.

5 This informal namés a reference to the large boom that would be made by the detonation of an SLBM nuclear
warhead.

6 Department of Defensdluclear Posture Revie@018§ released February 2, 2018, pp-48t

Congressional Research Service R41129 - VERSION56 - UPDATED 2
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CurrentClQhsiso SSBNs

The Navy euntentlyd-7@pi)o c(l SsBNegSIBesThe boats are
commonly called Trident SSBNsTwoirddBtdp Ityo tTarli doefn t s
18 OGchliaoss SSBNs were-FYt 8Pha esdhiims FeYnlt9éBrde d s er vi ¢
199T’/he boats were designedEdmadtbuicl Boay ®dwdnsadlon
of Groton, CT, aThhde yQuwenrsee to rPiogiinta&lalRyls¢ e vigreed i Ve
were | ater -yceearrt isfeirevdi cfeo rl wévdepsr, o xciomastaesltyp algd ofls o f
operapaoat eé¢ by adayecanpipdi 6 i matétbgr refueling over
engineered refueling overhaul (ERO). The nuclear
refueling and e vselrihpa utlh awto riks omott hr el ated to t he

Figure 1.0Ohio (SSBN -726) Class SSBN
With the hatches to some of its SLBM launch tubes open

e =

Source: U.S. Navy file photo accessed by CRS on February 24, 20kttpatwww.navy.mithanagement/
photodbphotos/101029N-1325N-005.jpg

Ohicd ass aY$EBNse sciagrhe & atra,y 24t ISdBdMs by 2018, four
tubes on each boat are to be deactivated, and th
boat consequentl ys o st htaot bteh er enduumebeedr toof 200p,er at i on
warheads in thelll. Swigthersateraktiehl @oms control 1 ir

The efiigplbptat s in the class wered4o8LBMaapldd¢lhe af madl w
were ar med wi tcha plaabrigee r SraiSdicBhibserleC1 Dnt on SAd mi ni st r :
1994 Nucle®Rre vREeswt {INPR) recommended a strategic 1
strategic nuclear ar ms 1 ecdluacstsi ohS B Mse,a tawl It haart mei dn ¢
This recommendation prompted ifna@mriedk boamnsthe 1ide

( SSBNs72P26 i nt o SSGNs, so as to make good use of
remai ni nfgobiona ttsh,e saend t o b o.[Tdtee 4O0hrisot a UswSebroeS SN f 1 e
converted i n t200 088G Nnste ki¢n( $280BON2s7 3 BB 3) Obw e rk efwii tt the d

7 For more on the SSGN conversion program,GR8 Report RS2100Ravy Trident Submarine Conversion (SSGN)
Program: Background and Issues foongressby Ronald O'Rourke

Congressional Research Service R41129 - VERSION56 - UPDATED 3
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D-5 S LBMs -2i0n0 52,0 Op0r o ducing t he lcawsrsr eSnStB Nfso r cael 10 fo f1 4w
armed -wi$ hBMs.

Ei ght of -ctlhaes sl 4S SOlhNso are homeported atsiBmangor, W
are hrotmed oat KicnlgossteBatyk 1l 6&rAi, da bor der.

Unlike most Navy ships, which are operated by si
alternating crews (called the Blue and Gold crew
they speddpdoysedastntus

The first -olfagheSIBNOHGE@ WMIBIN reawykatrhecewdcef |l if:
202The remainmiemgbhdbwoplfl their service lives at a
year therea'fttecarcithhivmigelm dt bef T #49 service 1ife in 2

The Navy has initiated a program5tS8SLBMfutbi @hBh42n
““ o match the OHIO Cl1™% s s submarine service 11fe.

Including the Ohio class, the nNavyl 9hds dpar at « d 'l
summarizing t hePspepefnoduirx cAl asses, see

U. JK Cooperatiomndnt 6d BNsw UK SSBN

SSBNs are also operated by theg Undihadd®& ngdom, F
four Vadgwsasar 8 SBNs, whilcohdl®a99¢ecredchecaiscy 1a@ Trid
SLBMs . Previous classes of-gt&KeSB88BNon3ThneS1 a 8L BMs a
UK plans to replalaes ¢ hpodtosnrwiVghgeaha@Nsonr S§FBur n
previcoaulslleyd -Sh 8S8BNsmar now call-eda Ds S §BNught

Dr e a d ncoluagshst bbeteqareptd with 12 missile launch

call for caacly -‘oxthBMsli th the other four .tubes no
The Uni tiepd oSvtiadtiensg t echnical assisDraenmackn awghthe U:
class ,praosgriatm has over the years; fDor sodne¢i ot heal
discus Appre,ndd e B

Submarine Construction Industrial Bas ¢

U. S. Navy s
(GD/ EB) o

bmarine s—Gaernee rbauli 1Bty aaatimrtcwo Bsohaitp yDai rvd ss 1

f roton, CT, and Quons e tNePwopionrtt, RI, an
News Shipbuilding (HII/NNS), of Newpygrt whe ws, VA
shipyards i the counpowecapabhe psf KDV EBIi bgiduds
only, while HII/ MpNSwearlesdo abiuriclrdasf tn uccalrerairer s and 1
t ypessuroffa cBhe htiwes .yar ds yc ubrurielndtilaoyig aadrser gjt chiamatkl
submatines.

u
G
i
n

8 Statement of Rear Admiral Stephen Johnson, USN, Director, Strategic Systems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Systems, March 17, 2010, p. 4.

9 Although the SLBMs on UK SSBNs are U18ade, the nuclear warheads on the missiles are of UK design and
manufacture.

100n October 21, 2016, the UK Ministry of Defence announced that the first of its planned new SSBNs will be named
Dreadnought, and the class will be referred to as the Drea
Dreadnought Name fUWSNINSwsOctobesXl,226016.S S BNs , ”

11 For more on the arrangement for jointly building Virgielass boats, s€8RS Report RL32418Javy Virginia
(SSN774) Class Attack Submarine Procurement: Background anédder Congres$y Ronald O'Rourke

Congressional Research Service R41129 - VERSION56 - UPDATED 4
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In addition to GD/EB and HII/NNS, t hheu nsdurbendasr i n e
ofupplier firms, as well as laboratories and res
t omat eprrioaclured from supplier firms for -the const
source supplpeopul Foonnaempgament suppliers, an a
work is’sthapWNaeweayedcairicemfe¢ons®Pruction program.

Muk of the design and engineering portion of the
resident at GD/ EB. Smal l erd psoorniei oonfs tahree croenspiodneennt

Col umbliaaPrsogr am

Program Name

For sever@dl ymidipe o gwhnem known as the Ohio replace
(ORP) or S&HRBFRanXd boaotgs in the class were referre
or SS®WNXdJduly 28, 2016, iltoawta si mweitplholer thoeeld a stashmaetd t h e
Col umhmi @ otnboer Difstri As ofd €Con umbwow gimsaany rtefeer red

t o aGo ltvhsmeH iaas s ,p raonddo atrthisee f e rarse dC otlou nbbwisat e r ms

such as Ohio replacement boat, Onhaiyoo nrteipnluaec etnoe nbte
used la,s awte 1l e a st for some ti me.

Program Origin and Early Milestones

Al though the eventuall amse & StBNNsr diplsa de etnh &k n@lwino f «
ColumHiams @awmgbamtraced more specttit€rsalhyDeoeambe
2006 between President George W Bush asad UK Pri
ire to participate 1in a progissalLtBM da xtteond htehe
0s, and genbaztians-§8EBNFor fiot e mmatshe
g

0
de s
204
progs aanr i gin and chlaprpleyn dniixl eGt ones, see

12 For more on this program, s€RS Report RS20648lavy Ford (CVN78) Class Aircraft Carrier Program:
Background and Issues for Congrelsg Ronald O'Rourkén terms of work provided to nuclegropulsion
component suppliers, a carrier nuclear propulsion plant is roughly equivalent to five submarine propulsion plants.

131n the designation SSBN(X), the (X) meant that the design of the boat had not yet beemddtermi

“Sam LaGrone, “Navy Ohio Repl ac eUSdilNews3uly B8, 2016.aSeesalsa o Be Na me d
Jacqueline Klimas, “Navy’s NeMashingion bxandireduly 29, 2016, alBle Na me d aft e
“Document: Noticepotsoe dC oNnagvrye sSSNI bawsrRigudte3s3016. The July 28, 2016,

press report states the following:

While the name Columbia for a U.S. ships and aircraft is not-releast eight U.S. ships, a

Space Shuttle and the Apollo 11 command module havbaid the nameit will be the first
time the name has been used to commemorate the U.S. capital, the sources told USNI News.

The fleet’s curr e/dl)—alds Bngdes attackhdubmarinég Sagndd in
honor of Columbia, S.C., Columbia, lll andl@mbia, Mo. The submarine is expected to
decommission before the first SSBN(X) enters service.

Other ships in the fleet were named after the romantic female personification of the Americas
Columbia.

Congressional Research Service R41129 - VERSION56 - UPDATED 5
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Pl anned Procury memd QDulenddulte

/| OEOODEwWUUOI OVwoOUEOUDPUA

Navy plans ¢ alClol fuaal iapsrse¢ obuoractp g at2 t he current for
class SSBNs. In explaining the plannddeprocur e me
foll owing
e Teamper ati onmel a nSiSIBgN sbnocautmsb entroetd by |l engthy mai nt
act+aoame needed to meet strategic nuclear dete
a certain number of SSBNs at sea at any givert
e A t otl &lh tcdfa s sarheoe e 8 d tthee meeqtui rement for 10
operatatbseechube, during the middle years of t]|
three &ndesomeur ofoptehatbhwoatad arte amoyn gi ven m
account of being in the midst of lengthy mid]I
ot her extended omai.nt enance ac
e A totldrlatohfer)Colh amUiads swiblolatbe needed to meet t
requirement for 10 operation&blbendbtisa because
class bwhatch will not include a nuclear refue
(abtowgpears) than the midlidleass fluecdtisng( whvieat a
requi rfeo yaebaorust fr om c ont r'atchte arweasrudl tt ob edienlgi vtehrayt
ont wOol umHtiaas s( rbaotahte h oer & 8 ©w mfeot)uirrwa sl | be i n
the midst eofh oami dltihfeer owt endeadt maanymt enance ac
given moment during otl nenHnnisdsd 118 fyee acrysc loef. t he

Trump AdmiNmicdetmat PoBRt)ur «a eRevwisewd (N February
f o lTlHoewiCnOgL eEMBalsAsa mp rwoi gl del i ver a minimum of 1
current OHIO fleet and is desi”hhke usoe pafovid
‘ma md Tunm ¢ dmtteeanc ebe w1 g waplol saligitbhtat e required

mber mbficaCaoslsu boats might at some point be incr

a% s

o B g
cC € oo s
o o o o

/| OEODOUEGRUUI Ol OUwW2ET T EUOI
ThNavy wants to proednsstlboaffinsnt FOelO®mbi ¢ he sec
the remaining 10 at @202a&€t ¢ ha o uldgnhde e Frpy &tOh3iyse asr ¢ hf er douml

Na vpyr o jtehcatts t he first boat would be delivered 1in
remaining 10 at a rate of one per year from FY20

15 Navy budget submissions show that Gbiass midlife nalear refueling overhauls have contravtardto-delivery
periods generally ranging from 47 months to 50 months.

16 Source: Navy update briefing on Columioid a s s program to CRS and CBO, September

Responds to Debate Overthe Sizedf e S SBN Force,” Navy Live, May 16, 2013, a
http://navylive.dodlive.mi201305/16/havy-respondgo-debateoverthe-size of-the-ssbnrforce/, and Richard
Breckenridge, “SSBN Force Level Requirements: It’s Simply

accessed July 26, 2013, dtp://navylive.dodlive.mi201307/19/sbnrforce-levelrequirementsts-simply-amatterof-

geography/

17 Department of Defensdluclear Posture Review 201&leased February 2, 2018, p. 49. A similarestant (which

differs only in saying “COLUMBcIlAa spsr opgrroagnr”’a nr”a)t haeprp et ahrasn o“nC OpL.

BSee, for example, Marc Selinger, “Navy MiCladst Someday Cons
S u b ma r Deferse DailyApril 12, 2018: 23.

Congressional Research Service R41129 - VERSION56 - UPDATED 6
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FY2027, the first boat woul d vuhnadveirnggoe astduybbs€toarn tiitasl
firstntdepatrrreel in 2031.)

Under this schedule, and gtcvleans sp lbaonantesd, rtehtei rNeanveyn
that the SSBNcfoneet wou FFdYb200a3t6s ainnd F Yh2eOn3 0t o 10 b o
FY20BY2040, and then increase back to ¥®I'l boats i

The Navy states that the epediSRADIBY2 tidsl 11 or 10 b
acceptabbdbt maetenmsstrategic nuclear deterrence
years, all 11 or 10 of the SSBNs in service wildl
mi dst of a lengthy midlife over haukl )i.n ThhaeviMagvy a
the SSBN force drop to 11 or 10 boats, because i
unforeseen event that might force an SSBN into a

act?P(oSne e “Pallasnawecdn rRerme n Ya Qo)Edn.¢ i miyn i mu rh 1lda vbeola tosf

cani bered@eldlrtbooats (providbagrbbopmg margnfiofeseer
mi ght force amchSRN liendt ;@ nadn 1w n)g tbhyy ancacienlteernaatnicneg
about one year the planned procurement dates of
option, the second boat in the program would be
t hi rtd ibnoat he program would be procured in FY2025
I mplementing this ofstipdm nc ofwlrd faufnfdei cntg tthhee Mar vy u
shipbuilding programfYad2dtng the period FY2022

Col umbi aDeGliagsns
2001 auw#1 UDT OQwwl EVOUI U
The desiCopd ummbitahmhowiva dbei fgskdcg@y lewptd reflect the

¢ Th€ol umbiia cdleasshbs@m® Jaecar expect’ed service 1ife

e Unlike -¢haes Ohdeosign, which re¢atihrees a midlife
Col umbiias ctloa sbse e qeoifiphsehd pwintukk l®malri fuel core (
nuclear fuel core thiap fior suffienteinte tO®ox po ovte a
1 i #A)t h o uCgohl utnhbeiwai 1cll ansost need a midlife nuclea

19 Source: U.S. NavyReport to Congress on the Annual LéRgnge Plan for Construction of Naval Vessels for Fiscal
Year 2019 February 2018, Tables ABthrough A34 on p. 12.

20 Source: Navy update briefing on Columigiass program to CRS and CBO, Sepiter 17, 2012. A September 28,

2012, press report similarly quotes Rear Admiral Barry Bru
“During this time frame, no major SSBN over htatsédas are pl ann
presence requirements,” and that “This provides a 1low marg
reduced SSBN availability. The reduced SSBN availability during this time frame reinforces the importance of

remaining on schedulgith the Columbiaclass program to meet future strategic requirements. As the Ohio

Replacement ships begin their midlife overhauls in 2049, 12 SSBNs will be required to offset ships conducting planned
maintenance.” (Michael FaSmdynarli.n®. RNapAaresPanedaily&sP 1 Basme'r
Defense ReparSeptember 28, 2012: 3.)

2! Rear Admiral David Johnson, briefing to Naval Submarine League Annual Symposium [on] Expanding Undersea
Dominance, October 23, 2014, briefing slide 19. See also W
Repl ace me nt NaSahBEnginees Jourral, Séptember 2015: 836.

2As ment i one @urrenhQhieGlassrSSENS ¢t -klass bodtsireceive a midlife nuclear refueling
overhaul, called akngineered Refueling Overhaul (ERO), which includeth a nuclear refueling and overhaul work
on the ship that is not related to the nuclear refueling.

23U.S. Navy,Report to Congress on Annual LeRgnge Plan for Construction of Naval Vessels for FY1201
February 2010, 5. The two most recent classes of SSNise Seawolf (SSN21) and Virginia (SSN'74) class

Congressional Research Service R41129 - VERSION56 - UPDATED 7



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

will still needowvemhadtli fei nenyredmedbvaghaul t

include a nuowl ogprerrac ferywloicergn fe. full 4

¢ Th€ol umbiia «ctloa sbse e qui pdpreidv ewiptrho paunl seiloenc ttrriaci n ,
opposed to -dhevmephepultalon train used on ot
submarinesdrThe elye¢temi ¢ s expected to be qui

t han a cmedércihvaenis yst e m.

¢ Th€ol umbiias ctloashsave SLBM launch tubes t hat ar
on the Ohio class (i.e., tubes with a diamet ¢

t o accomndb dSalt BBM)a. D
¢ ThE€ol umbiwai lcll ahsasve ambéeafn) 43 .feect dicompared

feet onclthes Ohadignlength of 560 feet, the s

Ohicd ass design.
e InsteaSILBoM |2hdube h, ascloms & hde€aoOihgmhi & he

clishadd SLBM laowcHhHuruhesy discussion of the
equip the boat withAppenwh«s Drather than 20,

e Al t h o uCgohl utnhbeiias ctloa shsa ve fewer l-aluanscsh tubes 't he
SSBN, it is to ked alsasr SeSIBNt Wdaers i tghhe Qvhitdh a 71 ep
submerged displacement of 20,815 tons (as of

tons foxltbke ®Akio gn.

I

e The Navy “ewangst ohtthe unique demands of strat

[Col umHiass s] bnuastt be f it ttedda twei tcha ptahbei Imotsite supand
stealth to ensure tthetyh airyee afrw IrlKf%if4et ts Ipea nt. hr o u g |

boats—are built withcores that are expected to be sufficient for their entirged8 expected service lives.

24 Source: Rear Admiral David Johmsdoriefing to Naval Submarine League Annual Symposium [on] Expanding

Undersea Dominance, October 23, 2014, briefing slide 19. See also the spoken testimony of Admiral Kirkland Donald,

Deputy Administratofor Naval Reactors, and Director, Naval Nucleasiision, National Nuclear Security

Administration, at a March 30, 2011, hearing before the Strategic Forces Subcommittee of the Senate Armed Services
Committee, as shown in the transcript of theUS8earing, and

Naval Institute ProceedingSune 2012: 31;atla m La Gr one and Richard Scott, “Strateg

Confront CosJtan@h asl INean gy,eDdcgritber 20016t For onar@dn electric drive propulsion, see
CRS Report RL3062Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for CondpseBonald
O'Rourke

25 Beam is the maximum width of a shipor Navy submarines, which have cylindrical hulls, beiarthe diameter of
the hull.

%Dave Bishop, “What Wil.S. Nava InhslitutesProceedinging 2022: U Bishapavas”

program manager for the Columbiikass program.) SeealSoa m La Gr one and Richard Scott, “St
Deterrem Pl ans Confrontan@d st NG@h ay,lDicember 2GhlBiand 4 a |
2’Sydney T. Freedber g, “Navy Seeks Sub Replacement Savings:

D o o rBseakihg Defenséhttp://breakingdefense.cqmApril 7, 2014.
28 Navy information paper on Columb@ass program dated August 11, 2014, provided to CBO and CRS on August
11, 2014.

29U.S. Navy,Report to Congress on Annual LeRgnge Plan for Construction of Naval Vesder FY 2011
February 2010,p.28.¢e ¢ al so Mi ke McCarthy, “Navy StrivbeiepseTo Reduce
Daily, February 6, 2015: 1.
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Figure 2. Columb ia (SSBN-826) Class SSBN
Notional cutaway illustration

Source: '"HWDLO R VO LGHD Repla@emeritRoobrém System Descriptign LQ 1DY\ EULHILQJ RQ
Columbiaclass progranpresented by Captain Wiam J. BrougharRrogram Managesf PMS 397 (i.e., Project

Manager Shipbuilding, Office Code 397, the office forGbumbiaclass program at the Sea, Air, and Space

Symposium, April 8, 2014, posted at InsideDefense.com (subscription required), April 9, 2014.

I'n an art inc lJeu npeu b210ils2h,e dt hie o d gmidmasma par@wegre dfmor t
thdathe current configuration of tihmedOdmet arepl acer
missile -ftardbteasmataerd3dul Vg pkop-‘ui@%nnpm@mnﬁ]ﬁtx

for 155 personnel, and 3ht aciolnonroend stuob ni¥hrei nSeS BrNa dmiios
For a June 26, Q@i0sldys Nawg bdptoigopostthat were exam

Ohicd ass, SHBBEendi x E
"O00000w, BUUDPOI w" OOXxEUUOI OVwyp", " K
Current U. S. andCdlKu mpH iaan sc 1¢ dhiksl eUaKdo acoludghlaB Nt o

usenmias sil e ceonhpea rminednte s ectihen SABM h-aoufmheecht t wbtls
same genciAsl méagi e da ¢ acollagskstr StSBNbk aaemed with

el PBSLBMs, or half the ®Cwormhheandb itaol hkea swadrurl iaerd dbeys it
the CMLC awecommodacteee this differen

Since s hfei lUKtc IVasngwB S BNrpegopaettgd to reach the e
l1ife —4tnhr2ele24years befase SBEBNfissprOheocted to re
s er vi—-edee sliigfine wor k on the CMC began about three vy
required tCoo |lsuwydpacesrst gtlhedighrea Mhksr oevd @dme of t he fundi
for the des,i ginncolfudtihneg CaMO ar ge *Pode iOactt lodbfert he i n

30 The term Xstern means that the steering and diving fins at the stern of the ship are, when roewte frear, in
the diagonal pattern of the letter X, rather than the vergicdlhorizontal pattern of a plus sign (which is referred to as
a cruciform stern).

31 The common submarine radio room is a standardized (i.e., common) suite of submarir@oradiquipment that is
being installed on other U.S. Navy submarines.

2Dave Bishop, “What WiU.S. Naval IhslitoteProceedinging 2022: 0Seaatse JFam

LaGrone and Richard Scott, “Str dthagd il eJnfixkes’'gt”sNa Wy tlemrtrernn a tPil
December 2011: 15 and IBhe X-stern is also shown in Rear Admiral David Johnson, briefing to Naval Submarine

League Annual Symposium [on] Expanding Undersea Dominance, October 23, 2014, briefing slide 19.

33 Statement of Rear Admiral Stephen Johnson, USN, Director, Strategic Systems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Sylatein4,7, 2010p. 6

which st at e sThaOHI© Répladementypiogragns includes the development of a common missile
compartment that will support both the OHIO Class Replacement and the successor to the UK Vanguard Class

34 A March 2010 Government Accountability Office (GAO) report stated the faligw

According to the Navy, in February 2008, the United States and United Kingdom began a joint
effort to design a common missile compartment. This effort includes the participation of
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2010 UK defense antecheppandgilke BUYK imodwerlmlpaenrs ittos
fibPsé¢adncoluagshst SSBN i foR2062§caos bsbouwt than previ o

Program Cost
@BPUPUDOOW" OUU
e Na vAyu ga2sd tlo7f e stthiemattoetda |l pr o Cwid awmndnats sc opsrto gorfa nt h
$109.2 bedtidalli ars’hemads ¢cdhrechrogd §ddv dl op men't
liomean dbhbkbhars, for a totalphpgocasré¢ment {res
t of $122y8abidPhlidaNadudy ndusamoyf 2 8tl7e est i mat
c ement cost Cofumbaaslschad 1s$Win@Rtiind Octohnesdtoal 1
cluding several billion dollars 1n a

ement cost of ships 2 ¢thchughndifant
s .

esf=N
= o

E
h
t
i
0
r
0
T
0

> AT 5T 6 o 4
- =S

Novembe7, 6pr &s st hree pfoorl t] oswtiantge s

The Columbiaclass ballistic missile submarine program (SS&2) is coming down in
cost and staying on schedule despite an early challenge, program officials said last week.

After moving into engineering and manutiaing development (EMD) at the beginning of
2017 and beginning early construction prototyping activities, the SSBN program is proving

government officials from both countries, as well as industry offidiaim Electric Boat
Corporation and BAE Systems. To date, the United Kingdom has provided a larger share of
funding for this effort, totaling just over $200 million in fiscal years 2008 and 2009.

(Government Accountability Officd)efense Acquisitions[Assessments of Selected Weapon
Programs GAO-10-388SP, March 2010, p. 152.)

A March 2011 GAO report stated the following:

The main focus of OR [Ohio Replacement program] research and development to date has been the
CMC. The United Kingdom has provided $Billion for this effort since fiscal year 2008. During

fiscal years 2009 and 2010, the Navy had allocated about $183 million for the design and
prototyping of the missile compartment.

(Government Accountability Officddefense Acquisitions[:] AssessmeotsSelected Weapon
Programs GAO-11-233SP, March 2011, p. 147.)

A May 2010 press report stated that “the UK has, to date,

design activity and has established a significant presence in EleciricBos Shaw’s Cove CMC design of
London(Sa@TL3AGrone and Richard Scott, “Deterrent Decisions:
Repl acedmneemet’ss, "Na vy, Mayr201@ pptCell)i on al

35 Source: Navy briefing to CRS and CBO on@@umbiac 1 ass program, August 1, 2017. The
budget submission, submitted in February 2018, estimates the total procurement cost of 12 €tdgmbaats at
$109.0 billion in theryear dollars.

36 Columbia Class MS [Milestone] B, CongressibNotification January 6, 2017, p. The Navy in February 2010

preliminarily estimated the procurement cost of each Colutiaiss boat at $6 billion to $7 billion in FY2010 dollars.

(Source: U.S. NavyReport to Congress on Annual LeRginge Plan for @nstruction of Naval Vessels for FY 2011

February 2010, p. 205ollowing theColumbiaclass programs December 9, 2010, Milestone A
meeting (sedppendix C), DOD issued an Acquisition Decision Memorandum (ADM) that, among other things,

established a target average unit procurement cost for btratsugh12 in the program of $4.9 billion in constant

FY2010 dollars(Christopherd Castel 1i, “DOD: New Nuclear Subs Will Cost §
Inside the NavyFebruary 21, 20tE1 ai ne M. Gr o s s ma nArmet Wessel torUse AftAeksS . Nuclear
Submarine TGlobahSeaurityoNgwswird-ebruary 24,20tJasea S her man, “Navy Working To

Billion From Ohi o IfsidethedNavgrebeuary 28 R0l gea m] 3 0o Christopher J. Ca
Puts <CSohsotu’l dPr essure On Migide the NEeyday 8, 20d1). Pr o g r a ms
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it can leverage all the tools at 1ts disposal to
acquisition priority.

The pogram was giving a $Billion affordability cap, and when the Milestone B decision
was made in January to move into EMD, the program was sitting at about $7.3 billion for
the average procurement unit cost (APUC) across all 12 planned submarines, Program
Executive Officer for Submarines Rear Adm. Michael Jabaley said at the Naval Submarine

)

League’s annual conference.

“Through innovative legislative authority and c
reduced cost by $80 million per hull, to bring APUCdownt$ 7. 21 (billion),” Jabal

“So t hat wa s a combination of missile tube cont
construction, which is pulling key construction activities to the left. Really the focus of that

was to reduce the risk of not delivering time, but it had an added benefit of savings as

well . ?”

Jabaley said the Navy still hopes for a few additional authorities, including continuous

production for components beyond the missile tubesleveraging the existing authorities

pluspotentiallyd di ng a few more creates a situation where
APUC below $7 billion. That is a stretch goal, but again, as | said, when you understand

that the cost of this program is significant, then we really need to do everything we can to

buy margin back into the program both in terms of

Jabaley would not elaborate on what other authorities he wanted from Congress, but he

told USNI News that “what you always have to bal
nothing comedor free-all of those efforts require investment in the Aeam. You have

to put money in to pull activities to the left, to smooth the workload at the shipbuilders and

the vendors, and you get it back in savings beyond theyéae Future Years Defea

Program], but from a budgetary standpoint that’ s
buy something else, whether 1t’s another ship, an
those trades are made all the time, first in the Navy. The work that wighdGongress is

to ensure they understand what our intention is, and then if necessary provide the legislative

aut hor i t%

y to do it.?”
An ADP@®IGbvernment AccoG@APralpiolritt saes3efaigeodn g(DOD
weapon acqui s iedtihoant ptrhoeg reasmsi mattaetd Ctool tuamdH isascsq ui s it
progir$algd 7.3mi 1 (abw @ibi$I 1 i on) i n8deodnsatrasnt im¥2A0uldi ng
$120 ImiOl Kabow WdWbid 1 ion) in research8la’ddmi dd vohop men
(abBu2tbi¥d 1ion) in Frocurement costs.

The above cost figures do-5Sn®dtLBMsclswdeascdont £ xff @mc
service lives to 2042.

x] UEUPOOWEOQOEwW2UxxOUUwm. 62&KAw" OUU

The Navy as of Jdathevanye2@Qbfiennamdtepppert (O&S)
each Columbia class bBat at $119 million per yea

S"Me gan Eckstein, “Columbia Class BallisticUSMiNewsil e Sub On
November 6, 201 7. See also Richard Abott, “Navy Reduced Co
Defense DailyNovember 9, 2017:-8.

38 Government Accountability Offica)Veapon Systems Annual Assessment[;] Knowledge Gaps Pose Risks to
Sustaining Recent Positive Tren@AO-18-360SP, April 2018, p. 106.

39 Columbia Class MS [Milestone] B, Congressional Notificatitemuary 6, 2017, p. 1.
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Nation#Blhs®eda Deterrence Fund

" Ul EUW B wBIuNhut

Section 1022 anfd tHoeWBGadddtPKE e m1 Wational Defense Au
Act for Fi sHe aRl. /M3eBR7H 9BIF 1 De(c e mb ecrr ela9t,e d2 Otlhde) Nat i on
SeBased Deterrence Fund ( NS BIDFo)d,i faiS€&@2nadt8 aln0 tthe D

t hiaseparate fs ome gthlea Nasvlyi pbuilding account ( whi
Shipbui Cédnwvgranadm, SQONM,vyappropriation account ).

O OE | /EArEGNB WK S1iuhtbikE BErudIN hu huk

Section FX2DNaé6tfi oonhael Defens 8. AWPBH6-9 AAt i on Act (

November ,26¢t 2dd 5)023 of the FY2017 SNational De f

293 L.32HBf4 Decembpy 28d 886d6H6ion 1022 of the FY20
221

Aut hori zH.tRi.o 2.8Alct® @ 5 De c e mb earmeln2d,e d2 01107 )U. S. C.
provide additional acquisition authorities for t

31 EQw OI OEI E

Thteext 088 2218ameadaedas foll ows:
82218a. National SelAased Deterrence Fund

(a) EstablishmeniThere is established in the Treasury of the United States a fund to be
known as the "National Sdzased Deterrence Fund".

(b) Administration of FundThe Secrtary of Defense shall administer the Fund consistent
with the provisions of this section.

(c) Fund Purposegl) Funds in the Fund shall be available for obligation and expenditure
only for construction (including design of vessels), purchase, alteratidrgonversion of
national sedased deterrence vessels.

(2) Funds in the Fund may not be used for a purpose or program unless the purpose or
program is authorized by law.

(d) Deposits.There shall be deposited in the Fund all funds appropriated to tlzetDept
of Defense for construction (including design of vessels), purchase, alteration, and
conversion of national sdzased deterrence vessels.

(e) Expiration of Funds After 5 YeatSlo part of an appropriation that is deposited in the
Fund pursuant toubsection (d) shall remain available for obligation more than five years
after the end of fiscal year for which appropriated except to the extent specifically provided
by law.

(f) Authority to Enter Into Economic Order Quantity Contra€19. The Secretargf the

Navy may use funds deposited in the Fund to enter into contracts known as "economic
order quantity contracts" with private shipyards and other commercial or government
entities to achieve economic efficiencies based on production economies far majo
components or subsystems. The authority under this subsection extends to the procurement
of parts, components, and systems (including weapon systems) common with and required
for other nuclear powered vessels under joint economic order quantity contracts

(2) A contract entered into under paragraph (1) shall provide that any obligation of the
United States to make a payment under the contract is subject to the availability of
appropriations for that purpose, and that total liability to the Governmeterfamation
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of any contract entered into shall be limited to the total amount of funding obligated at time
of termination.

(g) Authority to Begin Manufacturing and Fabrication Efforts Prior to Ship Authorization.
(1) The Secretary of the Navy may use fudelsosited into the Fund to enter into contracts
for advance construction of national d&esed deterrence vessels to support achieving cost
savings through workload management, manufacturing efficiencies, or workforce stability,
or to phase fabrication t&eties within shipyard and manage stibr manufacturer
capacity.

(2) A contract entered into under paragraph (1) shall provide that any obligation of the
United States to make a payment under the contract is subject to the availability of
appropriationdor that purpose, and that total liability to the Government for termination
of any contract entered into shall be limited to the total amount of funding obligated at time
of termination.

(h) Authority to Use Incremental Funding to Enter Into ContraatCfertain Items(1)

The Secretary of the Navy may use funds deposited into the Fund to enter into
incrementally funded contracts for advance procurement of high value, long lead time
items for nuclear powered vessels to better support construction sshaddlachieve cost
savings through schedule reductions and properly phased installment payments.

(2) A contract entered into under paragraph (1) shall provide that any obligation of the
United States to make a payment under the contract is subject tvdhability of
appropriations for that purpose, and that total liability to the Government for termination
of any contract entered into shall be limited to the total amount of funding obligated at time
of termination.

(i) Authority for Multiyear Procurent@ of Critical Components to Support Continuous
Production-(1) To implement the continuous production of critical components, the
Secretary of the Navy may use funds deposited in the Fund, in conjunction with funds
appropriated for the procurement of atlmeiclearpowered vessels, to enter into one or
more multiyear contracts (including economic ordering quantity contracts), for the
procurement of critical contractdurnished and Governmefiirnished components for
critical components of national sease deterrence vessels. The authority under this
subsection extends to the procurement of equivalent critical components common with and
required for other nuclegrowered vessels.

(2) In each annual budget request submitted to Congress, the Secretatgathaidentify
funds requested for critical components and the individual ships and programs for which
such funds are requested.

(3) Any contract entered into pursuant to paragraph (1) shall provide that any obligation of
the United States to make a pamhunder the contract is subject to the availability of
appropriations for that purpose and that the total liability to the Government for the
termination of the contract shall be limited to the total amount of funding obligated for the
contract as of thdate of the termination.

() Budget RequestdBudget requests submitted to Congress for the Fund shall separately
identify the amount requested for programs, projects, and activities for construction
(including design of vessels), purchase, alteratiod, @mversion of national sérmsed
deterrence vessels.

(k) Definitions:In this section:

(1) The term "Fund" means the National $=eed Deterrence Fund established by
subsection (a).
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(2) The term "national sdaased deterrence vessel' means any subrteersidssel
constructed or purchased after fiscal year 2016 that is owned, operated, or controlled by
the Department of Defense and that carries operational intercontinental ballistic missiles.

(3) The term "critical component" means any of the following:
(A) A common missile compartment component.
(B) A spherical air flask.
(C) An air induction diesel exhaust valve.
(D) An auxiliary seawater valve.
(E) A hovering valve.
(F) A missile compensation valve.
(G) A main seawater valve.
(H) A launch tube.
(I) A trash disposal unit.
(J) A logistics escape trunk.
(K) A torpedo tube.
(L) A weapons shipping cradle weldment.
(M) A control surface.
(N) A launcher component.
(O) A propulsor.
/ Ul ET El OUUwi OUw%UOEDPOT w- EYaw EgUPUPUDPOOwW/ UOI
xxUOxUPEUBOOwW EEOQUO
Priorestoalblhies hme nt soofmet hoeb sNeSrBvlekFr s had suggested
ofol umHiaas so ubtosaitde’st kdi Nbwyl ding budget, so as

t
shipbuilding funds for other Nawvygedbnpbfiotdsangh
arrangecment

1
0
p

e Constr uccetribohDnosfe al i ft s hips wanfdu nNlaavdy auxi li ar
payp¢ams the National Defense SsadudgetFund ( ND
that 1s Shutpsbiudd dtimegg and Conversion, Navy (SC
accoaumd ,also outside the procurement title of

e Most spendingsdfbopkrebdé¢fensgec( BIMD) programs (1n

procuctleinkeentacti vitiesDe fiesWisfdéended etahrcdhu@ghmdt he

devel oapnmde nptr o e ac emathber than through the r1ese.

devel opment and procur e ments earcvciocuenst.s of t he i
A rationale for funding dbDO®OPnsthsdi fDOPhspalifitthh
transportation mission that primarily benefits s
not be forced to competteacfcooru nftu ntdhi antg fiunn das Nahvey pb
ships centisalowno mibkes iMdnwy A rationale for fundir
De f eWisdee research and devel opment account 1is tha
spending among war mouse BMBipdegmad thereby helps
BMD funding.
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/| OUI OUPEOwW( OxOPEEUDPOOU WOl w- 2! #%wOOwHUOEDOT w
The NSBDF has at least two potCGmltumHias mmpl ication
pr ogmaym havengonavfauinldaibl e iofn hePmiDDguiyeatrsofioprogr a

e A principal apparent iisnot ehnetl pi np rcerseeartvien gf utnhdei n!?
coming years for other Navy programs, and pari
programs ofhlumUHipamgtrlmbamy placing funding for
ColumHias s fPpmogrlhoamcation within the DOD budge:
from the sNappuilding 'scbodget and ghereNaby
Referring to the fund as a naysi obnuadlgeftund and
appears etntenmdagdgetae view (consistent with an
support€obumbiaslse phaoatgrtalme program is intende
national militarysmeedfiratheaead) htamata Nawding
Col umHsaspr sghromrthd be ressubuddefream DOWhol e,
rather thans frwdngaethei WNapayr ticul ar.

o Thacquiautthomities 1in ,sudmdclSQ2w2s], 8(af ) , (g), (
which werR. [a.d9ddetdd. Hy-3 2l 8 tunladr gi nadtlhye r e duc
procur e noefntn ofedohhsd Fass, bbat als-o other nuclea
powered ships¢clamsehadtsta¥krgubmarines and Ger :
(CVNB8) class aircraft carriers, by increasing
production of ship componentisomndchedulees opt i

Submarine Unified Build Strategy (SUBS)

The Nawgwder a plan it calls the iSsubpracpassi ddnitfd e
buiClod umHiasss poarntly dd/GDNSEBwand ddooisntg otfo t he wo
GD/ EAB. p ahrits opfl a n, the Navy is also proposing to
Virgcilnaisas attack 6éubmwhiaok PpPoasgsamre jointly Dbui
HI T/ XN®) that HII/NNS would receive aad mistgelr shar
received Kieyw teHe mpNast’'ty. wpmfopgpdhsed plan include the f

e GD/ EBbeéeothe primdesoghrt ag tCeonl dufbdniaiasl sd i n g
bosgt

e HII/ NNS is t o fboer ad essuibgcnoifitgrl aacmtiadard s 1 1 di n g
b osa;t

e GD/ EBbupnld certaloml wmbbitsspdboeweachhat are more
or less analogous to the pacltas st haattt aGcDk EB b u i
submarine;

e HIIT/ NNBtubpl d od dpreatrrati sn Coofl uemalciahes s—p boa ¢ t hat

areranoor |l ess analkiglo/ubsiNXIlod st Vifieo giaeratash t hat
class attack submarine,;

e GD/ EBpénform the finG@dl wmbBiaak]l boetn all 12

e as a resulpr ecovipp ootiytsch 6t Nraevey eGDR/iEnB tveosu ltdh a t
receicewe iamm {7&8P DT%t he s hi fydmdnldvwaasrsk buil ding
bosa,t and HIITI/ NNS -2w30%;l d receive 22%

40 For more on the arrangement for jointly building Virghulass boats, s€8RS Report RL32418\avy Virginia
(SSN774) Class Attack Submarine Procurement: Background and Issues for Colbgr&smald O'Rorke.
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e GD/EB is to continue as -cpraisme pctoogtrraamc, t dbrutf or
help baprmrmjceu bmdcroinnset woae tkil @mds dat GD/ EB an
HI T/ NNS, the division fodbruwddk nlgd t¥wesgnnti he t w
boaitssheoadjusted so that HII/NNS would perfor
greater numbtasefb¥artginham ddntwiomdadt haw eo fun «
t hceur Ve gf-anliddd vyi sion of work (in which final a
more or less evehylayr;dse)s waenonhequwace, HII/ NI
woudaceive a greater share efl atslse btoamattasl wor k
than it wouldnhatveomndfrthecofMtient division

The Navy desckdbrwuathe2 Pl ah0im, testimony before
Forces subcommittee ofontnhiet tFoeu s eAtANtabead EShedravrdiicreds s
testified that

In 2014, theNavy led a comprehensive governmémdustry assessment of shipbuilder
construction capabilities and capacities at GDEB aneNM§ to formulate the Submarine
Unified Build Strategy (SUBS) for concurrent OR and Virginia class submarine
production. This buld strategy guiding principles are: affordability, delivering OR on
time and within budget, maintaining Virginia class performance with a continuous
reduction in costs, and maintaining two shipbuilders capable of delivering npolsared
submaines. Toexecute this strategEDEB has been selected as the prime contractor for
OR with the responsibilities to lileer the twelve OR [Ohio replacemestjbmarines [i.e.,
GD/EB will perform final assembly on all 12 boats in the prograft-NNS will design
andconstruct major assemblies and OR modules leveraging their expertise with Virginia
construction(i.e., HII/NNS will build parts of Ohio replacement boats that are similar to
the parts it builds for Virginielass boatsBoth shipbuilders will continue tdeliver|i.e.,
perform final assembly ofYirginia class submarines throughout the period with GDEB
continuing its prime contractor responsibility for the progr&imen the priority of the OR
Submarine Program, the delivdie., final assemblydf Virginia class submarines will be
adjusted with HUNNS performing additional deliverieBoth shipbuilders have agreed to
this build strategy?

January 2017 Milestone B Approval

On January 4, 2017, DOD g aV eu mMiialsess tpdinbeg sBa mmpep r o v a
B approval, which permits a program to enter the
(EMD) phase, is generally considered a major mil
permitting the program toandadevelopmenn effoct,

“4See Julia Bergman, “Congressmen Visit EB A Day After 1t I
Pr o g rThenbay’(New London) Mar ch 29, 2016 ; Sydney J. Freedberg Jr., o
For EIl ecBreakingDd#esea t Mir ch 29, 2016; Robert McCabe, “Newport N

Virginia-C1 as s Submar i ne Mrginian-Rilet {Newpert News)M&ach @9y2016; Valerie Insinna,
“GD Electric Boat Chosen To Ta kDefensecDaily MarRch 30¢2016:6Bf Hughh i o Repl ac

Lessig, “Navy: More Submarine Wolithry.cOn March 80, 20k6; L&e wpor t Ne ws
Huds on, “ W<lads Replacenieht Wil Be 8D Split Between GDEB, HIN N S Inside the NavyApril 4,
2016. See also Richard R. Bur gess, “Submarine Admirals: cu

F 1 ¢ SelapowerJuly 8, 2016.

42 Statement of the Honorable Sean J. Stackley, Assistant Secretary of the Navy (ResearchmBetvatap

Acquisition), and Vice Admiral Joseph P. Mulloy, Deputy Chief of Naval Operations for Integration of Capabilities

and Resources, and Lieutenant General Robert S. Walsh, Deputy Commandant, Combat Development and Integration
& Commanding General, Mime Corps Combat Development Command, before the Subcommittee on Seapower and
Projection Forces of the House Armed Services Committee on Department of the Navy Seapower and Projection
Forces Capalbiies, February 25, 2016, p. 12.
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procurement program of record. A January 6, 2017
Milestone B @olhphumbiad sfproghamthe foll owing:

On 4 November 2016, Under Secretary of Defense for Acquisitiechriology and
Logistics Frank Kendall chaired the Milestone B Defense Acquisition Board, and on 4
January, 2017 signed the acquisition decision memorandum approving COLUMBIA Class
program’s Milestone B and designdDmajorg the progran
defense acquisition program. Milestone B also establishes the Acquisition Program
Baseline against which the progranperformance will be assessed. Additionally, this
decision formally authorizes entry into the Engineering and Manufacturingdpevent
Phase of an acquisition program, permitting the transition from preliminary design to detail
design, using Shipbuilding and Conversion, Navy (SCN) funds. Cost estimates for this
program have been rebaselined from CY2010 dollars to CY2017 dolrsdrdance with

DoDI 5000.02, Rev p, dated 7 January 2015.

The MS B Navy Cost Estimate for Average Follow Ship End Cost (htd2)2n 2010$
using specific shipbuilding indices is $5.0 billion, a $600 million reduction from the MS A
estimate, whichnearly achieves the affordability target of $4.9 billion set at MS A. To
continue cost control, the Navy will focus on:

*» Stable operational and technical requirements
* High design maturity at construction start

« Detailed plans tdnessimdudingeobustprototypingeffortsrandn g r e
synergies with other nuclear shipbuilding programs

* Aggressive cost reduction actions

Affordability caps have been assigned that are consistent with current cost estimates and
reasonable margins for cosiogrth. Relative to Milestone A, these estimates have been
updated to adjust Base Year from 2010 to 2017, a standard practice to match Base Year
with the year of Milestone B approval. The MS A unit cost affordability target ($4.9 billion

in CY2010$ using Nay indices) used a unique metrithverage Followon Ship End

Cost)” which accounted for hulls-22. From Milestone B forward, the affordability cap for

the unit cost will be measured by using the Average Procurement Unit Cost (APUC), which
includes all 1hulls. The Affordability Cap of $8.0 billion in CY2017$ is based upon the
approved APUC estimate of $7.3 billion plus 10%....

The Navy and industry are currently negotiating the detail design and construction
(DD&C) contract, which is expected to awarcearly 2017. With negotiations continuing

on the DD&C contract, the Navy has ensured the COLUMBIA Program design effort will
continue without interruption. The Navy issued a contract modification to allow execution
of SCN for detail design on the existingB contract. With this modification in place,
detail design efforts that had initially planned to transition to the DD&C contract, will
continue on the current R&D contract to ensure continued design progress. With the
Milestone B approval and the appration of $773M in FY17 SCN under the second
Continuing Resolution, funding is now available to execute detail design. In accordance
with 10 U.S.C. §2218a and the FY17 National Defense Authorization Act, the Navy
deposited the FY17 SCN into the National-Beeed Deterrence Fund (NSBDF). The first
installment of funding will be executed on the existing R&D contract, which allows
transition into detail design and continued design progress until the award of the DD&C
contract®

43 Columbia Class MS [Méstone] B, Congressional Notificatiofanuary 6, 2017, pp-2L See also Megan Eckstein,
“Col vanlba sas Submarine Program Passess MiUSNiNewsdawa®4,Deci si on,
2017.
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Col um6i aBsogram Funding

Tablseh ofw¥2 OFIYW2 0f2udn d i n & ofl amnHtialses .p rTohger atma bl ¢ s hows |
funding only; it does not haetpudeyffiadingepdewvigd
CMC

Table 1. Columbia -Class Program Funding
(Millions of theryear dollars, rounded to nearest tenth; totals may not add due to rounding)

FY19  FY20  FY21  FY22  FY23
(req.)  (proj)  (proj.)  (proj.)  (proj.)

Department of Defense (DOD) funding
Research and development (R&D ) funding

PE0603570N/Project 3219 190.1 114.0 80.1 60.1 56.8
PE0603595N/Project 3220 514.8 433.3 3134 196.1 173.6
Subtotal R&D funding 704.9 547.3 393.5 256.2 230.4
Procurement funding
Advance procurement (AP) 3,005.3 1,453.2 1,041.8 1,246.1 1,825.3
Procurement 0 0 3,172.8 2,951.9 2,049.7
Subtotal procurement funding 3,005.3 1,453.2 4,2146 4,198.0 3,875.0
TOTAL R&D and procurement 3,710.2 2,000.5 4,608.1 4,454.2 4,105.4
Department of Energy (DOE) funding
Naval Reactor§ Columbiaclass reactor systems 1380 75.5 64.7 55.0 53.9

development

Source: Navy FY202 budgetsubmissionThe FY2019 budget also requests $71.1 million in military
construction (MilCon) funding for a submarine propulsor manufacturing support facility for the Colatab&a
program.

Notes: PE means Program Element, that is, a research and development lineAtBnogram Element may
include several project®E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power SystenfE0603561N/Project 3220 isthe SeaBased Strategic Deterrent (SBSD)
Advanced Submarine Systera\2lopment project within the PE f@®hio Replacement

I ssues for Congress

FY2PFlundi ng Request

One issue for Congress 1is whetshehFWEhdippgove, r1e
request for the program. In assessing this quest
accurately priced the wor k Qfhuantd iinsg ,p raosp owseeldl taos b
issues, 1incl udisnogmet hoofs sbehiswmssed in

Cost, Schedule, and Technical Risk

Anot he potential icocute, fooah Chbwmlga,e sand otncelrmisc al
class program.

—
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The accuracsgegsafi ntaltlkeecofas v ienr aat si soens stiinagl tafef prod almi 1
of QGohleu mHiaas s ,priongcrlaumdi ng i ts post eambtiilailt i mpa cpr wmu
ot her kinds of s&@obsmdipasioncgy rBebnmeenyte. i st hsehfiNpa v y

designs in recent yeradr s(;;C8Ni ccH amsss fihibwrecGafal ¢ aR.r ik
Antoni-<d7(0LBEDass a*apnhdi btihoeu sL isthtiopr a“*fh aCvoembpart o vSehni pt of
be substantially more expensiveAnr oOdbtuadadeadr thGhS5 t h
Congressionad @B@oB@ett Odd it hds ocsdhsitppaud gtdlaeangNa vy
states that the Navy in recent yearsselbasdbyumderes
weighted avierage of 27%

The accuracsprofcutrlcensMa fnmpGat hemd ass @awgbam
assessed in part by examining known procurement
including -Vidgieclas@E@SSNtack submarines (which ar
Seawol21)S8Nass attack sobmrednpsi 0 whiohtlwer ¥ipg
Ohi o (72BN cl ass ball isatnidc trhiesns ialdej ussut bl magr it nheess e ¢
ColumHiasss 9o ogggy atmo account for factors such as d
design featares]mehangssabmarcare ¢ictthamol ogdesaavh
a sshiprocurement <cost, depending andvtalnec eessx a st dtees
for producibility (i.e., design featadeand¢chsatinar
shipyard production processes (such as modular ¢
production economies of scale (i.e., changes 1in
missile submarines under construction at any one

The Nsaveystimated unit procurement cost for the pi
assumpt,i ommong dthekeditvhisdagsan, of work bet ween GD/E
building tahd hoat smdal sVicrogmnistirawmction will be tak:
wheCnol umtiaas sa rbeo abteing built. I f shipbdiewdirng afffc«
Virgclnasas bbafbttbenngoming yearst htehaml theg Navy n
reduction in submarine prodUclkumbhias smabroemt es of s
expensive to build than the Navy estimates.

- EYaa 001 PEIT Q@ IOWHIOVDIV@EOEDWWD QEWIT w+ 1 Kkyuwid T E O w

A JanuaryaR4%, id6b7 mavivodepapor MBRSchsd@EBO in
that thecMevyufadeanfgondldWveed its estimated procure
ship in the Columbia cMtwos igdndestdmmfiicdemoverlagee
cost for ships 2 through 12 1irhdpnanogrtbhmitte Whhaetr et hi

44 For more on the CVN'8 program, seERS ReporRS20643Navy Ford (CVN78) Class Aircraft Carrier Program:

Background and Issues for Congrelsg Ronald O'Rourke

45 For more on the LPR17 program, se€ERS Report RL34478avy LPD17 Amphibious Ship Procurement:

Background, Issues, and Options for CongrégsRonald O'Rourke

46 For more on the LCS program, SEBS Report RL3374Navy Littoral Comhat Ship (LCS) Program: Background

and Issues for Congredsy Ronald O'Rourke

47 Congressional Budget Officen Anal ysi s of the Navy' s, CetoberQalb, p8&ar 2016 Sh

(Figure 10). See also Government Accountability Offidayy Bipbuilding[:] Past Performance Provides Valuable
Lessons for Future Investmen®AO-18-238SP, June 2018, p. 8, which makes a similar finding.
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wa more %dhlmhanae 5t0hat the procldlnmnemebtoacsstwd |df tdao
be greater than what (Fthe NWawwtssc umace esshloywne setairmhai tee
in thiseeepbhbet s cAduiosni tei’'Jofmh k@loenda ry 24, 2017, Navy
infor matsitadthepapet l owing:

The confidence levels associated with the Milestone B Lead Ship End Cost (Less Plans)

and Average Follow Ship End Cost estimate are approximately 43 percent and 46 percent

respectively. The risk analysis was performed on 54 parameterericiftig shipbuilder
labor and material, changes, plans, and government furnished equipmefit costs.

A December 1, 2017, Navy information paper provi
unit procuremel@mbd ®osts shown 1in

Table 2. Navy Confidence Levels for Estimated Columbia -Class Unit Procurement
Costs

(dollars figures in billions of constant FY2017 dollars)

Average end

Confidence End cost of lead cost of ships 2-
level decile ship 12

30% $7.8 $6.0

40% $8.1 $6.3

50% $8.3 $6.6

60% $8.6 $6.8

70% $8.9 $7.1

80% $9.2 $7.5

Source: Navy information paper dated December 1,120 provided by Navy Office ofdgislative Affairs to CRS
and CBOon December 22, 2017.

Notes: (QG FRVW RI OHDG VKLS LQFOXGHV FRVW IRU WKH VKLS:V PLVVLOH WXE
1DY\:V UHVHDUFK DQG GHYHORSPHQW DFFRXQW

A December 2017 tGAOfrodd omwti ngt ated
Columbia Class Is Not Funded Adequately to Address Program Risks

Our analysis determined that it is more likely than not that the Columbia class program

will exceed t he Nyearddlars) estimatd of total Acuisitiom costtoh e n

whichthep ogram wi 11 be funded. Specifically, the pr
estimates are optimistic because they do not account for a sufficient amount of program

risk due to ongoing technology development, as well as the likely costs to design and

constructhe submarines. In addition, the Navy has budgeted the program to a confidence

level for the program that is lower than what experts recommend, with a particularly

optimistic estimate for the lead ship. While there may be situations when this would be

“Navy information paper, “Confidence Level of Milestone B
CBO from Navy Legislative Affairs Office, March 1, 2017. A subsequent Navy informationp&p&fp d at e o n
Confidence Level for COLUMBIA Lead Ship and Follow Ship,?”
Navy Legislative Affairs Office on June 13)28—states:

The Milestone B Service Cost Position established January 2017 is the most recent analysis for the
COLUMBIA program that updated risk estimates for Lead Ship End Cost less Plans and the
Average Follow Ship End Cost. The confidence levels aattivith the Milestone B Service

Cost Paosition for Lead Ship End Cost less Plans and Average Follow Ship End Cost estimates are
approximately 43% and 46% respectively and are calculated based on 54 parameters.
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appopriate, this is not the case for the Columbia class program due to the technical and

design risks that we identified above. As a result, program costs will more likely than not

exceed requested funding, particularly for lead ship construction. Due sigttiicant

level of funding required for this program, even a small percentage of cost growth could

havefair eaching cons e que gangeyplans to fundicanstriction gfitss 1 on g

future fleet. For this review we conducted an initial analy§isot he Navy’ s cost estim
but did not assess if it was conducted in accordance with thié best practices identified

in our cost estimating guide. Weyclepcbsi n t o more f
estimate for the entire Columbia class, inclgdint he program’s risk analyses
work.

Confidence Levels and the Navyds Estimate

From early on, the Navy recognized the need to control costs for the Columbia class. In

fact, the program’s cost estimateasm’hsave decreas
inception due to Navy decisions early in the program to trade off some capabilities and the

incorporation of updated actual cost data from the continued procurement of Virginia class

submarines. At Milestone B, OSD determined that Columbia classrproent costs had

fallen almost 40 percent since the program’s or 1 ¢
did conduct a risk analysis for its recent Columbia class cost estimates, the confidence level

of the Navy’s estimat e theentilcldssisdbpercent. hisf or acqui s i
means that it is more likely than not that actual costs to research, develop, and buy the
submarines will exceed the Navy’s $128 billion es

This situation is particularly apparent at this point with regard $tsdo design the class
and build the lead submarine. Any difficulties in ongoing technology development efforts

would likely worsen the picture. At Milestone B,
technologies, design the class, and build the leduh@pa was at a 43 percent confidence
level.

Experts agree that programs should be budgeted to at least the 50 percent confidence level,

but budgeting to a higher level (e.g., 70 to 80 percent, or the mean) is a common practice

to cover increased costs udtthg from unexpected design complexity and technology
uncertainty, among other things. Navy cost guidan
mean” for the cost for the program, which usuall)
Navy budgeted to an @siate at a higher confidence level like the risk adjusted mean, its

Milestone B point estimatesmeaning the selected estimate of cesould be higher,

reducing the probability of overruns occurring. According to Navy eostysts, the

pr ogr am’ ssitianeastawhichathe lavy estimated at Milestone B at $128 billion

(thenyear dollars), would exceed $131 billion (thgar dollars) at 50 percent confidence,

which is the bottom range of the risk adjusted mean confidence level.

Cost Growth PotentalBa s ed on t he Navyés Esti mat e

Even if the Navy budgeted to the 90 pereceat “ woasse¢” scenario where signi
programmatic challenges are realized and the probability of cost overruns-is low

confidence level, Columbia class lead ship costs would ndiskamilar to cost outcomes

on other lead ship programs. We have observed in prior work that cost growth for recent

lead ships across the Navy’s shipbuilding port
the Navy’s lead Vir g74mand8SN7V5thesmost sinlanclassi nes ( SSN
to Columbia in terms of technology and component development as well as aspects of its

design and build plansexperienced 15 and 24 percent budget growth respectively, with

average cost growth of 28 percent for the¢hmost recent lead submarines

fol

0
7

The 28 percent cost growth we have observed is slightly more than the 22 percent cost

increase between the Navy’s point estimate and t1}
that even if the Navy budgeted the prograrthio90 percent confidence level there would

still be historical shipbuilding precedence for further cost growth. In particular, if costs to
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build the lead Columbia class submarine grow similar to the lead Seawolf and Virginia

class submarines, thecosttw n s t ruct the submarine would exceed
B estimate by more than $2.5 billion. This would represent a total approaching $12 billion

(thenyear dollars) versus the current estimate of $9.2 billion for the lead submarine. Due

to the magnitud o f t he Col umbi a class program’s expect
including for design and construction of the lead ship could impact the availability of funds

for other Navy priorities.

The Congressional Budget Office (CBO) and CAPE also analyzed Colalassgprogram

costs. CBO predicted higher costs than the Navy estimate. In its 2017 assessment of the
Na vy’ sterm shipbgilding plans, CBO concluded that the Navy underestimated the
cost of the total Columbia class procurement by $8 billion (201@mdpll[see next section

on the February 2017 CBO report]

CAPE estimated a lower cost, but also identified areas where reliable cost data were
unavailable. The independent cost estimate prepar
Milestone B reflects a 3gocent lower total program lifeycle cost (2017 dollars) than the

Navy estimate. In setting the program baseline in January 2017, DOD pragmatically opted

to use the Navy’s higher estimate ($7.3 billion)
the averag unit cost to procure a Columbia class submarine (calendar year 2017 dollars).

According to CAPE officials, this difference in estimates is largely due to CAPE

incorporating more recent Virginia class actual cost data into its estimate than the Navy.

However, CAPE also identified that there is a lack of reliable cost data on some contractor

furnished materials and government furnished equipment (GFE) for the Columbia class

program, which limited the quality of the estimate. GFE comprises critical ard¢he of

Columbia class submarine, including the strategic weapon system managed by Strategic

Systems Program and the IPS developed by Naval Reéttors.

%l EUUE Wa wluylhiAix OU U

ThEebrua€BO20btport on tshes hciopsbtu iolfd itahpgheegNraovgyr a ms
foll owing:

The design, cost, and capabilities of the 12 Columbia class submarines included in the 2017
shipbuilding plan are among the most significant
analyses of the cost of shipbuilding in the future....

TheNavy currently estimates that the first Columbia will cost $12.2 billion in 2016 dollars
and that the subsequent ships will have an average cost of $5.9 billion. (The Navy has
stated that it aims to reduce that cost to $5.7 billion.) The implied totafarodte 12
submarines is $77 billion, or an average cost of $6.4 hillion for each.shilpe Navy
estimates that research and development costs will amount to $13 billion, bringing the total
acquisition cost to $90 billion....

Accor ding t tmate lthe co¥ pertigousand tors for the first Columbia will be

17 percent less than that of the first Virginia class attack submaainémprovement that

would affect costs for the entire new class of ballistic missile submarines. The Navy
anticipatesdwer costs by weight for the Columbia because it plans to recycle, to the extent
possible, the design, technology, and components used for the Virginia class. Furthermore,
because ballistic missile submarines (such as the Columbia class) tend to tenthtgss

densely built ships than attack submarines (like the Virginia class), they will be easier to
build and thus less expensive per thousand tons, the Navy asserts. The Navy has stated,

49 Government Accountability OfficeGolumbiaClass Submarine[:] Immature Technologies Present Risks to
Achieving Cost, Schedule, and Performance G@#sO-18-158, December 2017, pp.-44@.
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however, that there is a greater than 50 percent probabilitytiteatost of the first
Columbia and of subsequent ships of the class will exceed its estimates.

The costs of lead ships of new classes of submarines built in the 1970s and 1980s provide
little evidence that ballistic missile submarines are cheaper by weidhild than attack
submarines.. The first Ohio class submarine was more expensive to build than the lead
ships of the two classes of attack submarines built during the same—p#red.os
Angeles and the Improved Los Angeles. (The design of the Iregioes Angeles included

the addition of 12 verticdhunch system cells.) In addition, the average-tmsteight

ratio of the first 12 or 13 ships of the class was virtually identical fabttie, Los Angeles,

and Improved Los Angeles classBg.the 199s, although the cost by weight of lead ships
for submarines had grown substantially, there was still itiedence that size makes a
difference in the cost péiousand tons of submarines. The first Virginia class submarine,
which was ordered in 1998pst about the saniyy weight as the first Seawolf submarine
even though th&eawolf is 20 percent larger and was built nine yearter.

Using data from the Virginia class submarine progr&BQO estimates that the first
Columbia class submariméll cost $13.3 billion in 2016 dollars. (The Naegtimates that

it will cost $12.2 billion.) Estimating the cost of the lead ship of a class with a new design
is particularly difficult because of uncertainty about how much the Navy will spend on
nonrecurring enigeering and detailed design. CBO estimates that, all told, 12 Columbia
class submarines would cost $87 billion, or an average of $7.3 billior-€kxB billion

more per submarine than the Navy estimates. That average is based on the $13.3 hillion
estimate cost of the lead submarine and an average cost of $6.7 billion estimated for the
2" through 19 submarines. Research and development will cost between $13 billion and
$17 billion, CBO estimates, for a total program cost of $100 billion to $104 billion.

Overall, the Navy expects a 19 percent improvement in thet@egtight ratio of the
Columbia class compared with the first 12 submarines in the Virginia class. Given the
history of submarine construction, however, CBO is less optimistic than the Navy.
estimates that the Navy will realize an 8 percent improvement, stemming in part from the
projected savings attributable to the concurrent production of the Columbia and Virginia
class submarines.

The costs for the Columbia class submarines could ber ltve@ the Navy and CBO

project, depending on the acquisition strategy. The savings could be considerable if, for

example, lawmakers authorized the Navy to use a Hogkstrategy—an approach that it

has used with other types of shipto purchase a grougf submarines over a specified

period (effectively lowering the price of the ships by promising a steady stream of work

for the shipyard) and allowed the service to purchase components and materials for the

submarines in optimal amounts that minimize c@igitewn as economic order quantities).
However, some benefitsofablebkuy strategy are already incorpora
and CBO’s estimates because they are based in par
first few ships of which the Navy purased using a blodbuy strategy. Similarly, if the

Congress funded the purchase of the Columbia class submarines through the National Sea

Based Deterrence Fund, which was established i1in ¢
McKeon National Defense Authorizan Act for Fiscal Year 2015, the Navy could

potentially save several hundred million dollars per submarine by purchasing components

and materials for several submarines, and possibly for other ships, at the same time. One

disadvantage of such an acquisitstrategy is that if lawmakers later decided not to build

all the submarines for which the Navy purchased materials, the materials that were to be

used for them might go unused. A second disadvantage is that under-ajatkategy,

if the Congressid not approve of how the program was progressing, it might have less

flexibility to change procurement plans or to purchase fewer submarines.

Costs for the Columbia <c¢lass submarines coul d, h
CBO’s esti mat ewillbe fhelargest submarin8 tBaNthe United States has
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The

ever built. It will reuse technology and components from the Virginia class submarine, but
it will also include many new elements, such as a new missile compartment and a nuclear
reactor designed fast the entire 4%ear service life of the submariffe.

February 20slt7atCBO trleg ofrdl lad wion g :

On January 4, 2017, the Department of Defense (DoD) approved the Columbia class

ballistic missile submarine f@roduction. Specifically, the Wer Secretary of Defense for

Acquisition signed the acquisition decisianemorandum (ADM) that launched the

program into engineering and manufacturing developm&nbwn asMilestone B in

DoD’s complex acquisition pr overalseasonsbitat devel op me
the ADM isparticularly significant because it included an updated cost estimate forthe 12

ship program. Although the new ADBktimate appears to be significantly higher than the

costs estimated in the NaNaw5statesth&thg real hi pbuilding
(inflation-adjusted) costs in the ADM are actually similar. The Congressional Budget
Offcedidnoti ncl ude the new ADM estimates in presenting
2017 plan because detailed informatiomads yet availake; the updated estimates in the

ADM would not affect CBO’s projections of the cos

In the ADM, the Navy estimates that the 12 submarines will cost an average of $7.1 billion

each in 2017 dollarg7.3 billion including outfitting and postdegry costs). To compare

that estimate wi20lF shipbuitdingplan, @BOtatjustedNhe amounds

to 2016 dollars to match the dollars reported in that planr@het is that the average cost

per vessel for the 1&hip program under the May > s n e w—excluding outfitting

and postdelivery costswould be $6.8 billion in 2016 dollars That amount is about $400

milionmoret han what the Navy reported in its 2017 ship
estimates of $7.3 billion.

According t o the information about DoD’s new Mileston
to CBO, mostofthd i f f er ence bet ween the Navy’s estimates
a change in the underlying cost of fr@gram; rather, it is the result of the twdfelient

methods that the Navy used to convert its constattéar estimates for the Columbia class

program from the 2010 dollars in which they were expressed at Milestone A0ih€

dollars for the 2017 shipbuilding plan and 2017 dollars for the estinmaties ADM. The

Navy used an inflatiomdex based specifically on the Columbia class program to adjust

its estimates for the ADM, whereas it had usedbifvder naval shipbuilding cost index

discussed in Box 2 to prepare its estimates for the 2017 wldiiplg plan. TheNa vy * s

method for preparing the estimates in the ADM accounts for the fact that inflation in the
submarineshipbuilding industry has been greater than gross domestic product price

inflation. It is similar to the method th&BO used throghout its analysis.and explains

why the Navy'he ADM mast enuicth cl oser to CBO’s est i m:
class than its estimate in the 2017 shipbuilding plan.

In addition, the Navy’ s estimate 1047 the ADM i s
shipbuilding plan for another ¢ a s o n : The ADM represents the Navy
estimate of the costs of the submarines, whereas for theshghuilding plan, the Navy

based its estimates on its cost target for the ships, which is lower.

TheADMal® includes an “affordability cap” of $8.0 bi
for the possibility of cosg r o wt h of as much as 10 percent above
$7.3 billion. According to Navy officials, all maja@cquisition programs at Milestorie

must include an affordability capitseap, growth marg

50 Congressional Budget Offic&,n Anal ysi s of t h&ShiNmildipg PlanFELruarg 2017, Year 201
pp.24-25, 27.
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DoD will review the program to determine whether major changes or other corrective
actions are needéd.

Schedule and Technical Ri s k
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the first deterrent patrol
A November 1, 20dtHPesptrbkesfobbowtng:

The Program BExautive Office for Submarines is working to create schedule and cost
efficiencies on the Ohio Replacement (Columbia class) Program to counteract inevitable
delays during construction, he said last week.

Rear Adm. Michael Jabaley said at the Naval Submériaea gue’ s annual symposium
the first ship in the Navy’s most 1important acqu:
on time—even though previous delays during early design work complicated that task.

“The biggest probl e m betweehthedecommissionihgofrOhiosi s no mar gi
and the delivery of Ohio Replacements. And anyone who has been involved in shipbuilding
knows that there will be unknowns that pop up and

“So my job is to ntethat schedule soythattwhen ghé mevitabdec k i
unknown presents i1itself 1it’s mnot a fatal collisio
margin back into the schedule, we’re looking at t
accelerate constructiothrough the use of advance procurement funding or advance

construction authority to start those parts earlierandfles k t hat schedule. ?”

PEO Subs is working with Congress to get needed contracting authorities and advance
procurement and advance constiartfunding, and Jabaley said that effort will ultimately
“provid[e] a signifrcakinhBefiefit for schedule de

To reduce the risk of the program from a cost standpoint, Jabaley said the Ohio
Replacement and Virginielass attack submarine programiaéls—as well as nuclear
powered aircraft carrier personnel in some cases, and the prime contractors and vendor
base that support all three ship prograrase working together to align material purchases

and construction schedules.

On materials, Jabaleyisal “we the government have to get the Vv
accrue by combined purchasing of all the things vy
cl asses of submarines, and here’s wher e t he car
components arersilar or identical on the carrier when you get to the nuclear power plant,

nuclear shipbuilding concerns. .. That’s a volume

advantage of. In order to do that, we have to reinforce with our vendor base that this
mountainof work is facing them as well and that they need to ensure that their quality,
their cost and their capacity is ready to accompl

51 Congressional Budget Offic&n Anal ysi s of t h@ShiNmildipg PlanFEGruarg 2017, pyasar 201
(Box 3).
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The admiral noted that PEO Subs has conducted an analysis of the top 25 suppliers to the
submarine programs andvi®rking with them to make sure they are ready to execute an
increased workload and provide fair volume discounts. Within the government, Jabaley
said the program offices are working to ensure that requirements are written such that the
SSBNs, SSNs and nedr carriers can all share parts such as chilled water pumps. This
type of multiprogram procurement would require special contracting authority that the
Navy will brief lawmakers on and seek approval in the next year or two, Jabaley said.

As the Ohio Replcement Program moves towards construetiamd as the Virginia subs
become larger and more complex with the addition of the Virginia Payload Module and
acoustic superiority design changes, the Navy is working closely with builders General
Dynamics ElectricBoat and Newport News Shipbuilding to finalize plans for facility
expansions, manpower and training plans, and simulations of how components for two or
three ship classes will move through the yards without conflicting with each*dther.

An Auguspréeéss20edort states:

The U.S. Navy’s §-tl@sghalisticonisdild submarineCpoogramisoif a
to an inauspicious start after faulty welding was discovered in several missile tubes
destined for both the Columbia and Virghulass programsas well as the United

Ki n g d o m’-on SSBN prbgoam.

In all, 12 missile tubes manufactured by BWXT, Inc., are being scrutinized for substandard
welds. Seven of the 12 had been delivered to prime contractor General Dynamics Electric
Boat and were in vasus stages of outfitting, and five were still under construction. The
Navy and Electric Boat have launched an investigation, according to a statement from
Naval Sea Systems Command spokesman Bill Couch.

“All BWXT welding r e qu isbeemhaltedwntiltheineestigation i ns pecti on
is complete,” Couch said.

The bad welds came to light after discrepancies were discovered with the equipment
BWXT used to test the welds before shipping them to GDEB, according to a source familiar
with the issue.

The discovery of a significant quality control issue at the very outset of fabrication of
Columbia injects uncertainty in a program that already has little room for delays. The issue
is made even more troubling because it arises from a vendor with an exeglleation,

and raises questions about whether the Navy can deliver Columbia on time, something the
Navy says is vital to ensuring continuous nuclear deterrent patrols as the Ohio class reaches
the end of its service life.

The issue with the missile tuhgsart of the common missile compartment to be installed

in both Columbia and the UK’s Dreadnought s ubmar
Col umbi a program behind schedule, Couch said.
Dreadnought program is less clear, Couch said.

“Impacts to the delivery of missile tubes to the
GDEB’s efforts to define and scope next steps,” C

BWXT is one of three vendors swontracted to deliver tubes for Columbia and

Dreadnought and one of two oantract for Virginia class, Couch said. The quality control

issue not only impacts the U.S. and U.K. ballistic missile submarine programs, but might

also impact the schedule for the Navy’ s next 1iter
V, which incorporates additional verticéddunch missile cells, known as the Virginia

Payload Module.

2Megan Eckstein, “PEO Subs Working To BWSNIBews k Schedule in
November 1, 2016.

Congressional Research Service R41129 - VERSION56 - UPDATED 26



Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program

“The Navy 1is assessing -thesposebmaalnesmpactht PN
Couch said.

Early indications are the issue is contained to just tubes fabrioat®@/XT, Couch said.

“The Navy/GDEB team is working to bound the scop
r

assessments are ongoing to assess and deter mine
Couch said. “Initial r eportthavethersameissue,andt hat the ot
they continue to produce missile and payload tube

What impact the faulty welds will have on the cost of either Columbia class, already among
the most expensive programs in Defense Department history, or Virginia classesruncl
said a Navy official familiar with the details sp

“I't”s not a good sign for a program that has had
one acquisition priority,” said Brwamdn Clark, an
Budgetary Assessments and a retired submarine off
failure in a major component from a manufacturer

In a statement, General Dynamics said the company was committed to limiting tie impa
on the U.S. and U.K. sub programs.

“General Dynamics Electric Boat is 1nvestigating
subcontractors on missile tubes delivered to GDEB for use in the U.S. COLUMBIA and

UK DREADNOUGHT SSBN programs and payload tubasthe VIRGINIA Class SSN

program,” the statement 7reads. “GDEB is working ¢
Navy to mitigate any potential impacts to these programs. As our customers expect the best

from us, safety and quality are centraltotheeubu at General Dynamics Electr

The Navy needs to start construction on Columbia in 2021 to have the boat out on patrol
by 2031, a schedule NAVSEA still thinksston track to meet.

“The Navy purposely planned fissileCompartthept constructio
including missile tubes and first article quad pack, to mitigate risks such as these, and
construction start for Columbia remains on schedu

Ultimately, however, it is probably too early to tell if there willdogy significant impact
to the Columbia schedule, said Clark, the CSBA analyst.

“The problem is that this causes challenges down
delayed, what are the cascading efftycts of other
intricate dance at Electric Boat when 1t’s buildi
time so what the impact of % delay here will be n

xUPOwl YhWw& . wll xOUU

An
t he

Apr GIAQ2e0plo8rt assessing seledticodh majogmr alm@D sweaa
foll owing r ecglaarsdsi npgr otghrea nCol umbi a

Technology Maturity

The Columbia Class program's Technology Readiness Assessment (TRA) identifies only

two critical technologies. However, the Navy did not follow our identified pesttices

for assessing critical technologies and, as a result, we believe the TRA underrepresented

the number of c¢critical technologies in the progra
dioxide removal system and one major technical feature of the, sterrStern Area

System, as critical technologies. The carbon dioxide removal system has matured since the

3David B.Thlea UtS e TopAeduisitionPriority StumblesOut of theGate Defense NewsAugust 6,

2018.
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TRA and no longer requires active risk mitigation efforts. The Stern Area System,
however, requires continued development. Four additional techaslagget our criteria

for critical technologies: the Integrated Power System, nuclear reactor,
propulsor/coordinated stern, and Common Missile Compartment. The Navy did not assign
these systems technology readiness levels since they were not identifiedicak c
technologies in the TRA, but we assessed that they require additional development and
testing to fully mature them. For example, the Navy is still working to refine the design for
the nuclear reactor plant and propulsor/coordinated stern. Addlgiotee Navy has yet

to test final prototypes for the Integrated Power System and the propulsor/coordinated
stern; testing for these technologies is planned to occur between fiscal years 2018 and 2020.
Navy officials stated that they have active risk gdtion plans in place for these
technologies.

Design Stability

The Columbia Class program is prioritizing design stability prior to the start of construction
of the lead submarine of the class. The program plans to complete 100 percent of design
arrangements, including 3D product modeling, and 83 percent of design disclosures prior
to the start of construction of the lead submarine. However, the design will likely remain
immature once construction starts even if the program can complete 83 pémesign
disclosures because some of the key technologies are not fully mature and detail design
work is proceeding with notional or placeholder data representing key systems. For
example, the Navy has entered the detail design phase for the shipcoitipiate data for
significant components of the design, such as the nuclear reactor plant and Integrated
Power System. We have previously reported that concurrency of technology development
and design increases the risk of design rework and can resegiative cost and schedule
impacts.

Production Readiness

The Navy plans to begin lead ship construction in fiscal year 2021 and expects to build the
lead ship in 84 months. This timeframe is significantly shorter than the Navy has achieved
on any recent lehsubmarine, including those during high levels of Cold War submarine
production. Moreover, the Navy expects that the Columbia Class will be built as quickly
as was planned for the lead Virginia Class submarmsubmarine of less than one and
onehalf the size and estimated construction labor hours of Columbia. In an effort to
achieve its aggressive delivery schedule, the Navy is planning to start building areas of the
lead ship in advance of the planned lead ship authorization in fiscal year 2021. Jhe Nav
intends to start construction as early as 202%ears prior to the planned fiscal year 2021
ship authorizatohon s ome of the submarine’s structure. Th
the stern, bow, and mission command and control module as early as & inefotte the
planned fiscal year of authorization, which officials stated was because of the disruptive
effects of delays to these components that are critical to ensuring-témeodelivery.
Accelerating construction could further exacerbate designbitigtdssues since some of

the components still being designed are in the areas the Navy is considering for early
construction.

Other Program Issues

In a December 2017 report, we determined that it is more likely than not that the Columbia

Class programwl 1 exceed t he Nayeay doars)$estila®e obtotdl1 i on (t hen
acquisition cost. Specifically, the Navy has budgeted the submarine to a confidence level

for the program that is lower than what experts recommend, a decision which may not

account or a sufficient amount of program risk due to ongoing concurrency between

technology development and design.

Program Office Comments
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We provided a draft of this assessment to the program office for review and comment. The
program office provided techniceabmments, which we incorporated where appropriate.
Program officials stated that the TRA for the Columbia Class program met DOD, Navy,
and statutory requirements. Program officials also stated that Columbia Class program is
positioned to provide needed edylity, at an affordable price, on time to meet national
strategic deterrent requirements. They indicated that the Columbia Class program plans for
83 percent completion of design products by the start of lead ship construction to lower
costs®

, EUETIuy ylbQuu- EYa w3l UUDOOOa

At

t
Projection Forces subcommittee of

a March 20, 2018, hearing on

exchange occurred:

REPRESENTATIVE ROB WITTMAN, CHAIRMAN (continuig):

| did—I did want to close with-with one question concerning Columbia class. We got
into a little bit of it with the permanent magnet induction motor and the challenges that we
face there. As you know, that has consumed a significant amount ofxthiengethat's in

the schedule for delivery of that submarine.

| just wanted to get your perspective on our ability to contain technical challenges. This is
a very, very complex platform, obviously going down the road of developing this.

The question is iwith the significant amount of time that we lost with this particular motor
dysfunction that we had, are we in a place to where we're confident that we can manage
the technical challenges that we're going to face going forward with Columbia class?
Becauseve have become precariously close to what you would expect as other, you know,
challenges that we've faced in other technically complex programs.

So | want to get your perspective if you feel like we have our arms around that and if we
are going to be abl® make sure that we manage within timeframes for delivery of this
boat on time. As we know, wewe don't have a choice. There is-Athere's no alternative.

We have to deliver this because Ohio class will be retiring.

JAMES F. GEURTS, ASSISTANT SECRETAR®F THE NAVY FOR RESEARCH,
DEVELOPMENT AND ACQUISITION

Yes, sir. I'll start and then ask the PEO [program executive officeddgoin in.

From my perspective, yes, we've had some challenges on the motor in particular. | think in
the good news category thditin't stop us from retiring risk in a lot of the other areas of
the submarine, particularly, again, some of the work we've done in this early work on the
missile tubes and what not.

And—and a lot of folks probably don't understand how much Virginiaigsactually
helping us retire risk on Columbia, so getting this production rate up to Virginipdwo

year, getting a larger workforce trained, a lot of the subsystems cut across all the different
platforms. So while it's a new submarine, not all the pietése submarine are new, and

that is giving us a lot ef-it gives me a lot of comfort from what would normally be a, you
know, tremendously challenging activity.

It's still a very challenging and complex activity. | don't wart-t@lon't want to push that
down. But we’ve been working really hard
we've been able to secure has been critical.

“Government Ac c o Weapom Bysténis AnnualDABsessmeat];] Kriowledge Gaps Pose Risks to
Sustaining Recent Positive Tren@&AO-18-360SP, p. 107.
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To—to your point of schedule, one thing we will be watching really closely is next year
getting full funding as soon as thedi#s year starts. And that may be an area where we will
need some help if we're in a continuing resolution so that that doesn't bee@nsetzedule
impact to us of which will take more of that margin out.

So we'll work very closely with you. That is a sesi area, from an authorities and just
fiscal timing perspective®

Later in the hearing, the following exchange occ
REPRESENATIVE VICKY HARTZLER (continuing):

The Columbia class has several technology development programs that are challenging
desigr and construction efforts, including the coordinated stern, electric drive, and the
nuclear propulsion system. What is the Navy's assessment of risk associated with the
development of these technologies and recovery efforts to regain schedule?

REAR ADM. MICHAEL E. JABALEY, PROGRAM EXECUTIVE OFFICER FOR
SUBMARINES

Thank you for the question, Congresswoman.

The Navy's assessment is that the risk is manageable and well in hardiaMave done
things on this program to account for technology developmsktthat are-that are

El

beyond what we’ve done on previous submarine cons

As Secretary Geurts alluded to previously, one of the biggest ones is the amount of design
pull-through from the Virginia program. Many of the components are aidkatical or
simply scaled up from the Virginia.

The second thing is the level of design readiness at construction start. We are targeting and
are on track to achieve 83 percent complete design when we start construction in October
of 2020. That compares #2 percent on Virginia and even lower percentages on Seawolf.

So having that design stability and execution allows us to be more confident in the ability
to build it in the timespan necessary.

Finally, the—many of the-the items that you discusghe cooréhated stern, the
integrated power system, and the nuclear reactoe well on their way through a series
of prototyping effort and confirmation models to ensure that they are well readyoior
ship construction. And they arethey are beyond technologyw#gopment now and into
simply integration and-engineering and integration efforts.

So although therethere's been a lot of discussion about this recently, we\aecare
confident that we are well positioned to start construction on the first ship in ©ctiobe
2021 and have very few technological risks through the development prifgram.

#1 ET1 OEl Uwl YA w& . wll xOUU
A December 2017 GAO -cleapsosr tp rochghreahnt osCtdabtwemdn g a

Additional development and testing are required to demonstrate theitynaf several
Columbia class submarine technologies that are critical to performance, including the
Integrated Power System, nuclear reactor, common missile compartment, and propulsor
and related coordinated stern technologies (see figure). As a iesulinknown at this
point whether they will work as expected, be delayed, or cost more than planned. Any

55 Source: Transcript of hearinBear Admiral MichaeE. Jbaley, Program Executive Officer for submarines, did not
add to Guerts’ reply to this question.

56 Source: Transcript of hearing.
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unexpected delays could postpone the deployment of the lead submarine past the 2031
deadline.

Further, the Navy unde rologyfpisksdnite2015 dethnoldgye pr ogr a m’ s
Readiness Assessment (TRA) when it did not identify these technologies as critical.

Development of these technologies is key to meeting cost, schedule, and performance

requirements. A reliable TRA serves as the basisrdalistic discussions on how to

mitigate risks as programs move forward from the early stages of technology development.

Not identifying these technologies as critical means Congress may not have had the full

picture of the technology risks and their padireffect on cost, schedule, and performance

goals as increasing financial commitments were made. The Navy is not required to provide
Congress with an update on the program’s progres
efforts, until fiscal year 2026when $8.7 billion for lead ship construction will have

already been authorized. Periodic reporting on technology development efforts in the

interim could provide decision makers assurances about the remaining technical risks as

the Navy asks for increasiteyvels of funding....

Consistent with GAO’s identified best practice
submarine’s overall design prior to starting <co
schedule growth. However, the Navy recently awardedndract for detail design while

critical technologies remain unprovesa practice not in line with best practices that has

led to cost growth and schedule delays on other programs. Proceeding into detail design

and construction with immature technologiesdead to design instability and cause

construction delays. The Navy plans to accelerate construction of the lead submarine to

compensate for an aggressive schedule, which may lead to future delays if the technologies

are not fully mature before constriact starts, planned for 2021.

w

A December 21, 2017, Navy point tphaep efrolrleoswpionngdi ng

Background: The repor't is a review of the Navy’s Techn
Technology Development Plan, and the status of kelpiyqing efforts for COLUMBIA,
and compared efforts with GAO’s best practices fo
readiness assessments. GAO submitted a draft report on 1 November 2017 for DoD/Navy
comment. In the report GAO contends that the COLUMBIAss program technologies

are immature based on the GAO guidelines of Technology Readiness Level (TRL) 7 at
Milestone B (MS B). The Assistant Secretary of Defense letter dated 1 December 2017
responded to the report disagreeing with the GAO findings.

Discussion:

Department of Defense (DoD) programs are required to meet Technology Readiness Level

(TRL) 6 (system/subsystem model or prototype demonstration in a relevant environment)

while the GAO’s “best practices” atdtheommends TRL
planned operational system demonstrated in an operational environment). The

COLUMBIA program complied with all Navy, DoD, and statutory requirements for

conducting its 2015 Technology Readiness Assessment (TRA) to TRL 6 and achieved

Milestone B in &nuary 2017.

GAO’s draft report identified additional efforts
Elements (CTE); Integrated Power System (IPS), Propulsor / Coordinated Stern, nuclear

reactor, and Common Missile Compartment. These components areeamnty and

integration efforts, rather than technology maturity efforts and labeling them as critical

technologies would have been contrary to DoD guidance. In the 2015 TRA, the Navy

identified two critical technologies that were not yet at TRL 6, cargisvith statutory

requirements and DoD policy. Those two CTEs were the Stern Area System (SAS) and a

57 Government Accountability OfficeGolumbia ClasSubmarine[:] Immature Technologies Present Risks to
Achieving Cost, Schedule, and Performance G@#s0-18-158, December 2017, summary page.
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carbon dioxide removal system. The Navy received a waiver at MS B for the SAS. The
carbon dioxide removal system had matured to TRL 6 prior to MS B.

GAO dso contends that immature COLUMBIA technologies will present risks to
achieving the program cost, schedule, and performance goals. The COLUMBIA Class
Submarine Program is well positioned to provide needed capability at an affordable price
on the timelinen e e ded t o meet national strategic deterre
management attention is focused on four main areas: stable operational and technical
requirements, high design maturity at construction start, detailed plans to ensure
manufacturing readess including robust prototyping efforts, and aggressive cost
reduction actions. The Navy continues to actively manage all COLUMBIA program cost,
schedule, and performance goals including engineering and integration risks and routinely
briefs Navy/DoD ledership, and Congress to ensure risks are transparent and fully
understood®

Program Affordability and Impact on Ot
Shi pbuiPlrdigmga ms
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The CNO has stated, his number one priority as the chief of Naval operations;-msuour
strategic deterrentour nuclear strategicleterrent. That will trump all other vitally
important requirements within our Navy, but if thlerenly one thing that we do with our
ship building account, wewe are committed to sustaining a two ocean national strategic
deterrent that protects our homedl from nuclear attack, from other major war aggression
and also access and extended deterrent for our @llies.

58 Navy information paper dated December 21, 2017, provided by Navy Office of Legislative Affairs (NOLA) to CRS
andCBO on December 22, 2017. NOLA confirmed in an email to CRS on January 10, 2018, that the information paper
could be reprinted in this CRS report.

59 Statement of Admiral Jonathan Greenert, U.S. Navy, Chief of Naval Operations, Before the House Arroed Servi
Committee on Planning for Sequestration in FY 2014 and Perspectives of the Military Services on the Strategic
Choices and Management Review, September 18, 2013, p. 10.

80 Transcript of hearing. (Spoken remarks of Rear Admiral Richard BreckenridgetiEnewvitness at the hearing was
Rear Admiral David Johnson.)
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Some Options for Addressing the Issue

I n addc do-5i todnu cthom i goel su mH ialaeisgtnh at t he Navy has made i
andefiningthheedeptgornchducoirng thol wmbhiatas © f t he
progaramf or ot hetrhwi spes orgendduecni tnigal 1 mpact on fundi ng
Navy prpartaimsul arly shiPhbas ¢ dddncgu spsmendgavdanmsg he f ol 1
sections.
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the high cost for this unique, next generation strategic deterrent requires extraordinary

measures to ensure its affordability. Furth@ocuring the OHO Replacement (OR), the

next generation SSBN, within the current shipbuilding plan presents an extreme challenge

to the Navy’s shipbuilding budget. To minimize t
risk, the Navy proposes to leverage #hasithorities provided by the National S#ased

Deterrence Fund (NSBDF) in conjunction with the employment of best acquisition

practices on this critical program....

.. the Navy is continuing to identify opportunities to further acquisgitiniency, educe
schedule riskand improve program affordability. Most notably in this regard, the Navy is
currently assessing [the concept of] Continuous Production [for prodoeimpgonentsf

61 For additional discussion of MYP and BBC, RS Report R4190%/ultiyear Procurement (MYP) and Block Buy
Contracting in Defense AcquisitioBackground and Issues for Congrelsg Ronald O'Rourke and Moshe Schwartz
andCRS Testimony TE1000Acquisition Efficiency and the Future Navy Farbg Ronald O'Rourke

62 Joint explanatory statement fidtR. 1735 p. 165 (PDF page 166 of 542). Following the veteld®. 1735a
modified bill, S. 1356 was passed and enacted into law. Except for the pa@tsi@sathat differ fromH.R. 1735 the
joint explanatory statement fét.R. 1735n effect serves as the joint explanatory staterfars. 1356
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Columbiaclassboatsmore efficiently than currently schedu]ezhd wil keep Congress
informed as we quantify the benefits of this and other initiatives that promise substantial
savings....

..the Navy’s initial assessment 1s that the author
this report] will be essential to achieg the reductions to acquisition cost and schedule
risk that are so critical to success on the OR program....

Section 1022 of the FY®.6 NDAA authorized the use of funds in the NSBDF to enter into
contracts for EOQ [Economic Order Quantity purchases ¢énats and equipment] and

AC [advance construction activities in shipyards], and to incrementally fund contracts for
AP [advance procurement] of specific components. These authorities are essential to
successfully executing the OR acquisition strategg. Nhvy is able to take advantage of
these authorities largely due to how its submarine shipbuildargip phased....

Economic Order Quantity contracts provide substantial cost savings to the Navy from
procuring materials and equipment in bulk quantitiesaddition to the cost savings
typically associated with EOQ authority, the Navy has identified an opportunity to
implement EOQ procurements to achieve OR schedule efficiencies and commonality
contract actions with VCS [Virginialass submarine]IBck V [boats]andCVN [nuclear
powered aircraft carriers]....

Advance Construction is the authority to begin [shipyard] construftvork] in fiscal

years of AP [advance procurement] budget requests prior to the full funding/authorization
year of a hull. Earlynanufacturing activities help retire construction risk for fokg-kind
efforts, ease transition from design to production, and provide efficiencies in shipyard
construction workload. Advance Construction would allow the shipbuilders to begin
critical path construction activities earlier, thus reducing risk to the OR delivery schedule....

The FY2016 NDAA allows the Navy and shipbuilders to enter into incrementally funded
procurements for long lead components that employ both AP and Full Funding (FF) SCN
increments. This funding approach will provide significant schedule improvements and
cost savings by maximizing the utilization of limited funding....

Maximum economic advantage can be obtained through Continuous Production. Procuring
components and systsmmecessary for Continuous Production lines [as opposed to
production lines that experiengeeriods during which they are without wénkwould
provide opportunities for savings through manufacturing efficiencies, increased
[productionline] learning and theetention of critical production skills. In addition to
lowering costs, Continuous Production would reduce schedule risk for both the U.S. and
UK SSBN construction programs and minimize yeayear funding spikes. To execute
Continuous Production, the Ma requires authority to enter into contracts to procure
contractor furnished and government furnished components and systems for OR SSBNs.

OR Missile Tube and Missile Tube Module component procurement through Continuous
Production lines have been iderddi as the most efficient and affordable procurement
strategy... Missile Tube Continuous Production could achieve an average reduction of 25
percent in Missile Tube procurement costs acrossbkinbig Class. These savings are
compared to [the] single shipset procurement costs [that are] included in théPBR17
[the program of record reflected in the ¢ s i (proposedBudget for FY201J...

The Navy estimates that procuring Missile Tube ModuieSantinuous Production lines
would result in a cumulative one year schedule reduction in Missile Tube Module
manufacturing for the OR Clas$his schedule reduction, on a potential critical path
assembly, would reduce ship delivery risk and increase skehethrgin for follow ship
deliveries. In addition to improving schedule, Missile Tube Module Continuous Production
(including Strategic Weapon System (SWS) Government Furnished Equipment (GFE))
would produce savings as high as 20 percent compared te shigset procurement costs
included in the PB17 PoR. Executing Continuous Production of Missile Tubes or Missile
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Tube Modules requires4ehasing of funding from outside the
Defense Program (FYDHlo years that are within the FYDBt results in significant

overall program reductiong’he Navy is evaluating additional Continuous Production

opportunities for ndear and nomuclear components with common vendors required for

VIRGINIA Class submarines and FORD Class aircraft carriersieSexamples include

spherical air flasks, hull valves, pressure hull hemi heads, bow domes, castings, and

torpedo tubes. The prerequisite to Continuous Production in each of these cases would be

an affirmation of design stability consistent with completdriirst article testing, or its

equivalent..

The Navy’ s position on the cost benefits of th
However, the Congressional Budget Office stated iditsal ysi s of the Navy’'s F
Shipbuilding Plan ...the Navy cald potentially save several hundred million dollars per

submarine by purchasing components and materials for several submarines at the same

time. ” . .. The Navy’s initial cost analysis align
reductions from employing #se acquisition authorities will be further evaluated to support

the Navy’s updated OR Milestone B cost estimate i

e
Y

The Under Secretary of Defense for Acquisition, Technology and Logistics (USD AT&L)

approved the OR Program Acquisition &gy on January 4, 2016. This strategy

emphasizes using alternative acquisition tools and -@les®rm contracting to reduce

schedule risk and lower costs in. support of the N

To reduce costs and help alleviate fiscal pressuthe Navy will work with Congress to

implement granted authorities and explore the additional initiatives identified in this

report... The cost reductions from employing the granted and proposed acquisition

authorities will be further evaluatedtogpuprt t he Navy’s updated OR Mile
estimate in August 2016. These authorities are needed with the NationalEesed

Deterrence Fund, RDTEN [research, development, test, and evaluation, Navy], and SCN

appropriations accounts. Together, thesguisition tools will allow the Navy, and the

shipbuilders, to implement the procurement strategy which will reduce total OR acquisition

costs and shorten construction schedules for a program with no margin fot*delay.
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63U.S. Navy,Report to Congress on Ohio Replacement Acquisition Strategy and NatioraaS=hDeterrence Fund
Accountability April 2016, with cover letters dated Ajpt8, 2016, pp. 8.

64 The Navy states that
To minimize overall impact to other department prorams, the Navy is pursuing an incremental
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funding profile for the lead OR SSBN over the three year period, FY2021 to FY2023, with
resources aligned to a 41% (FO2L), 35% (FY2022), and 24% (FY2023) profile. A similar
funding strategy will be pursued for the second OR SSBN ([to be procured in] FY2024) with
funding spread over FY2024 and FY2025. Once serial production of the OR SSBN beings [sic:
begins] in FY2026, &ch successive OR SSBN is planned to be fully funded in the year in which
Navy intends to contract for the vessel (standard advanced procurement funding profiles
notwithstanding).

(U.S. Navy,Report to Congress on the Annual LeRgnge Plan for Constructivof Naval Vessels
for Fiscal year 2017April 2016, p. 10).

Under split funding, a boat’s procurement cost 1is divided
provided in the fiscal year that the boat is procured, and the secondheopidvided the following fiscal year.

66 Procuring one Columbial ass boat every two years rather than at the N
result in a loss of learning at the shipyard in moving from production of one SSBN to the next.

67 The Navy, with congressional support, currently uses split funding to procuredacgeamphibious assault ships
(i.e., LHAS). The Navy currently is permitted by Congress to useyfear incremental funding for procuring the first
three Ford (CVN78) class caiers (i.e., CVN78, CVN-79, and CVNB80); the authority was granted ia &l of the
FY2007 defense authorization §eLR. 5122P.L. 109364 of October 17, 2006

68 Congress funded the procurement of two aircraft carriers (CVNs 72 and 73) in FY1983, and another two (CVNs 74
and 75) in FY1988. AlthougBVN-73 was funded in FY1983, it was built on a schedule consistent with a carrier
funded in FY1985; although C\A¥5 was funded in FY1988, it was built on a schedule consistent with a carrier funded
in FY1990 or FY1991.
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Table 3. Navy Columbia Class Procurement Schedule and a Notional Alternative

11
So

t h
f o

Schedule
Boat might be Boat might be

particularly suitable Notional particular ly suitable
Fiscal 1DY\-\ for2-, 3-, or4-year alternative for 2-, 3-, or 4-year
year Schedule incremental funding schedule incremental funding
2019 1 X
2020
2021 1 X 1 X
2022
2023 1 X
2024 1 X
2025 1 X
2026 1
2027 1 1
2028 1 1
2029 1 1 X
2030 1 1 X
2031 1 1 X
2032 1
2033 1 X 1 X
2034 1 X
2035 1 X 1 X
2036
2037 1 X
Total 12 12

Source: 1D Y seledule is based ddavy budget submissiaridotional alternative schedulprepared by CRS.

Notes: Notional alternative schedulé RXOG GHSHQG RQ 1DY\:V DELOLW\ WR FDUHIXOO\ KXVE
fuel cores on the lastwo Ohio-class SSBNsp as to extend the service lives of these two ships by one or two

years Alternatively, Congress could grant the Navy the authorityogin construction on the I boat a year

before its nominal year of procurement, and theMi2oat two years prior to its nominal year of procurement

8QGHU 1DY\:V VFKHGXOH WKH ERDW WR EH SURFXUHearinQerhental PLJKW EH SD
funding, and boat to be procured in FY2034 might be particularly suitable for8year incremental funding.
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om the Cato Institute reoéomgftanmds ar S8dpecempetr h2ao

69 Congressional Budget Offic@ptions for Reducing the Deficit: 2014 to 2028vember 2013, pp. 6&9.

0 See, for example, Congressional Budget OffRethinking the Trident Forgduly 1993, 78 pp.; and Congressional
Budget Office Budget OptionsMarch 2000, p. 62.

"1 Debt, Deficits, andDefense, A Way Forward[:] Report of the Sustainable Defense Task, Boree 11, 2010, pp.
19-20.

72Benjamin H. Friedman and Christopher Preble, Budgetary Savings from Military Restraint, Washington, Cato
Institute, September 23, 2010 (Policy Analysis B&7), p. 8.
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Legislative Activity for FY20

Summary ods Ciommgal HKNY2UFlmmdomg Request

Tabdbeel ow summarizes ¢ ongtse sFsYi2o0nla9l faucntdiionng orne qtuhees
Col umHiaasgsr apnr.o

Table 4. Congressional Action on FY201 9 Funding Request
(Millions of thernyear dollars, rounded to nearest tenth; totals may not add due to rounding)

Authorization Appropriation
Request HASC SASC Conf. HAC SAC Conf.

Department of Defense (DOD) Funding
Research and development (R&D)

PE0603570Nline 049)Project 190.1 190.1 190.1 190.1 190.1 190.1

3219

PE0603595N (line 054)/Project 514.8 526.8 514.8 526.8 496.6 542.8

3220
Subtotal R&D 704.9 716.9 704.9 716.9 686.7 732.9
Advance procurement (AP) 3,005.3 3,088.0 3,005.3 3,242.3 29494 3,242.3
TOTAL DOD Funding 3,710.2 3,804.9 3,710.2 3,959.2 3,636.1 3,975.2

Department of Energy (DOE) funding

Naval Reactord Columbiaclass reactor 138.0 138.0 138.0 138.0 138.0 138.0
systems development

Source: Navy FY202 budget submission and committee and conference repestplanatory statements on
FY2019 National Defense Authorization ActdaRY2019 DOD Appropriations Act, and (for appropriations

figures forDOE Naval Reactors funding), committee and conference reports on the FY2019 Energy and Water
Development Appropriations Act.

Notes: PE means Program Element, that is, a research and development line item. A Program Element may
include several project®E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power Systen®E0603561N/Project 3220 isthe SeaBased Strategic Deterrent (SBSD)
Advanced Submarine System Development project within the PElar ReplacementHASC is House

BStrategic Agility: Strong Nat i on al Stinsaf, Waskingtorf, D0, 20I83pday’ s GI
p. 29. (Sponsored by the Peter G. Peterson Foundation, Prepared by Stimson, September 2013.)

74 For further discussion, s&RSReport RL336400.S. Strategic Nuclear Forces: Background, Developments, and

Issuesby Amy F. Woolf
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Armed Services Committe€SASC is Senate Armed Services CommittébAC is House Appropriations
Committee;SAC is Senate Appropriations Committe€onf. is conference agreement. SCN is Shipbuilding and
Conversion, Navy; NSBDF is National S&@sed Deterrence Fund. The procurement funding requested for
FY2018 is advance procurement (AP) funding.
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Naval Reactors program

The budget request contained $1.79 billion for the Naval Reactors program. Naval Reactors
is responsible for all aspects of naval nuclear propulsion efforts, including reactor plant
technology design and development, reactor plpataiion and maintenance, and reactor
retirement and disposal. The program ensures the safe and reliable operation of reactor
plants in nucleapowered submarines and aircraft carriers that comprise over 45 percent
of the Navy’s major combatants.

The committee has long been supportive of the Naval Reactors program and believes it is
an exceptional example of a nucleatated government program that is missifsiven,
safetyfocused, and wellnanaged. Due to this success, the committee will contirhe/to

very high expectations for performance by Naval Reactors, particularly as it develops and
delivers the lifeof-ship reactor for the Columbiglass submarines. The committee is
encouraged by the strong actions taken by Naval Reactors to addressfactaang
problem with the prototype electrdrive motor for the Columbia class but is mindful that
there is no schedule margin remaining for delivering this prototype, the reactor, and the
Columbia itself. The committee notes that, as work on the Coduoidigs Reactor System
Development program ramps down over thge&r Future Years Nuclear Security
Program, Naval Reactors is planning increases in its Naval Reactors Development funding.
The committee expects Naval Reactors to more clearly justify firepesed increases
within future budget requests.

The budget request includes a significant, lpianned increase in funding for Naval
Reactors to begin construction of the Spent Fuel Handling Recapitalization Project in Idaho

75The FY2018 DOD Appropriations Act was etettas Division C oH.R. 162%P.L. 115141 0f March 23, 2018, the
Consolidated Appropriations Act, 2018. The enactmeht.Bf 1623P.L. 115141 came after the submission of the

Administration’s pr dgetovhichdccurédD® Helruary 22f 2018.sThe ekplanatory statement
for Division C ofH.R. 1625increased the FY20la@dvance procurement (AP) fundirgpuest for the Columbiglass

program by $19.0 milliofi o r
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Ho u

and refueling of the S8G ldrbased prototype reactor in New York. The committee
appreciates Naval Reactors”’ transparency

The committee recommends $1.79 billion for the Naval Reactors program, the amount of
the budget request. (Pages 30P)
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Sen
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.5 AmM8 ndment number 156 dHdRed56H8 f ol

SEC. 338. Report on relocation of steam turbine production from Nictdtss and Ford
class aircraft carriers, and Virginiass and Columbialass submarines.

Not later than 180 days after the date of the enactment of this Act, the Secretary of Defense,
in consultation with the Under Secretary of Defense for Acquisition, Technology, and
Logistics, and Assistant Secretary of the Navy for Research, Development and Acquisition,
shall develop and submit to Congress a report describing the potential impaatsoal
defense and the manufacturing base resulting from contractors or subcontracts relocating
steam turbine production for Nimitdass and Fordlass aircraft carriers, and Virginia

class and Columbielass submarines. Such report shall addressadbk following:

(1) The overall risk of moving production on our national security including likelihood of
production delay or reduction in quality of steam turbines.

(2) The impact on natural security from a delay in production of aircraft carriers and
submarines.

(3) The impacts on regional suppliers the current production of steam turbines draw on and
their ability to perform other contracts should a relocation happen.

(4) The impact on the national industrial and manufacturing base and loss afeadl\crit
skilled workforce resulting from a relocation of production.

(5) The risk of moving production on total cost of the acquisition.

ate
Senate Armed Ser viS.eRe pCRoomrflidtdtee 250 1SK n

2987recommended the fundlagslprvebs 8&M9G ho
col unlm bd fe

S. RepR26L2tlathes (emphasis added):

Virginia -class stomarine advance procurement

The budget request included $2.8 billion in line number 5 of Shipbuilding and Conversion,
Navy (SCN), for Virginiaclass submarine advance procurement.

The committee recommends an additional $250.0 million for the Secretédny Nbwy to

use for: (1) Economic order quantity for the fiscal year 2019 through 2023 multiyear
Virginia-class submarine procurement, which may include the addition of a third
submarine in both fiscal years 2022 and 2023; or (2) To expand second anikthird
contractors in the submarine industrial base to support planned increased production
requirements.

If the Secretary pursues option (2), consistent with the statement of managers
accompanying the National Defense Authorization Act for Fiscal Year g@ilflic Law
115-91), the Secretary shall notify the congressional defense committees within 30 days
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of obligating funds for such purpose of the obligation date, contractor name or names,
location, description of the shortfall to be addressed, actionsundetaken, desired end

state, usable end items to be procured, period of performance, dollar amount, projected
associated savings including business case analysis if applicable, contract hame, and
contract number.

The committee believes that utilizinga@omic order quantity procurement, procuring

additional submarines, and expanding the capabilities of the supplier base should lead to

greater cost savings and improved efficiency as production incréaseset the

Columbia-class scheduleand higher requr e me n t for attack submarines
latest Force Structure Assessment.

Therefore, the committee recommends an increase of $250.0 million in line number 5 of
SCN for Virginiaclass submarine advance procurement. (Page4p3

S. RepR2o62llsiltbat e s :

Importance of Naval Nuclear Propulsion Program to United States strategic
deterrence

The committee has great interest in actions by the Department of Defense o dewid,

and deploy the Columbielass ballistic missile submarine. The vessels in this class will be
the latest nuclegpowered ships, continuing a distinguished line of technological
advancement fostered by Admiral Hyman Rickover. In particular, tmentibee notes the
important role of the Naval Nuclear Propulsion Program, also known as Naval Reactors,
in the Columbia program. Naval React-ors’
lived operation of U.S. Navy nuclear powered ships. Thisitin €nsures the viability of

the undersea leg of the American nuclear deterrence triad, of which the Coetlasisia
submarines will be a critical piece.

The committee notes that in the development of the Coluniass submarines, the Navy

is confronting a aggressive schedule and a certain level of technological risk. The
committee therefore encourages Naval Reactors to renew its efforts in the program,
particularly after experiencing difficulties in the manufacturing process and inadequate
oversight of catractors, to ensure that schedule and technology risks are managed in
accordance with best practices. The committee also urges Naval Reactors to ensure that the
training of officer and enlisted personnel for nuclear power jobs continues to meet the
highes¢ standards. (Page 365)
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Secti oM. R38s5t35ltd s :

and

SEC. 338. REPORT ON RELOCATION OF STEAM TURBINE PRODUCTION FROM
NIMITZ-CLASS AND FORDCLASS AIRCRAFT CARRIERS AND VIRGINIA
CLASS AND COLUMBIA-CLASS SUBMARINES.

Not later than 180 days after the date of the enactment of this ASgthetary of Defense,
in consultation with the Under Secretary of Defense for Acquisition, Technology, and
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Logistics and the Assistant Secretary of the Navy for Research, Development, and
Acquisition, shall develop and submit to Congress a report deggthe potential impacts

on national defense and the manufacturing base resulting from contractors or
subcontractors relocating steam turbine production for Nioh#tgs and Fordlass aircraft
carriers and Virginiaclass and Columbialass submarines. Sueeport shall address each

of the following:

(1) The overall risk of moving production on the national security of the United States,
including the likelihood of production delay or reduction in quality of steam turbines.

(2) The impact on national sedyrifrom a delay in production of aircraft carriers and
submarines.

(3) The impacts on regional suppliers the current production of steam turbines draw on and
their ability to perform other contracts should a relocation happen.

(4) The impact on the natiohimdustrial and manufacturing base and loss of a critically
skilled workforce resulting from a relocation of production.

(5) The risk of moving production on total cost of the acquisition.
FY2019 DOD Apprtolp(rR.a £S5 105371 5 Ac

Hous e
The House AppropriatidlnRept/mwdiiibaneg 2HL.,R.20 1 8¢ pon

61l 57recommPOFaddtimeg Il evelsl fios phog€amumhioavn i n
col unMm bd Bhecomme nded reduction PHO 6501385 2588 (miilnlei on
054)/ Pr oijse@twoaXd2ln manage methRa gelchiede&)o gnme widk d
reduction of $55.93 million i #iOraddnvaannccee &parrolcyu rteome
($48. 3 miElleicatmromdiydt ¢ $mieléldi on) . (Page 161)

The par dgRapabisl frie ported that makes appropriation

Convoemr,s iNavy (SCN)iatedbhabti pnobudes,

... Provided further That funds appropriated or otherwise made available by this Act for
produdion of the common missile compartment of nuclpawered vessels may be
available for multiyear procurement of critical components to support continuous
production of such compartments only in accordance with the provisions of subsection (i)
of section 228a of title 10, United States Code (as added by section 1023 of the National
Defense Authorization Act for Fiscal Year 2017 (Public Law-BP8))...

H. Rept#/69tldde
STEAM TURBINE PRODUCTION

The Committee understands that the production of
30-year shipbuilding plan and has concerns that any disruption to this production could

have major ramifications. The Committee directs Sieeretary of the Navy to provide a

report to the congressional defense committees not later than 180 days after the enactment

of this Act that describes the current industrial base for steam turbines for Navy ships, how

a temporary halt in production wolldpact shipbuilding, and any steps the Navy is taking

to increase the domestic steam turbine industrial base. (Page 162)

Senate

at iSoRse p@OdthilSure, 2S8.n 20 8y ecpno

The Senate App ri
he DOD f ucnlsdsi npgr ol gervaenmh ss hfoown tihne tC

rop
3159recommended t
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umMmbd®he recommended i nc rPeEals6ed 305f9 58N2 8(.10i nnei 1 1 i o
)/ Pr oijse @toa2d 2Ge :i nAcdrveaansc e d mat e r”i a(l$sl 5p.rlopel l er
1 i 6Phar)o garnadm i ncrease: Naval Propulsion Foundry
3.0 milliThe) recPmgnetd@&h)se of $237.0 million
cur ement ( APa) rfeudnudcitnigo ni nocfll mfple3s. vl nmgi If luinadms f or

agement: Exd&desnd amcem¢tves & EPerfo g¥r2a5nd .i0n cnrielalsico:n
marine indus.t{(tHage blak5%) cRKepgarsdiomg t he recomme
0

. 0 SmiRlelpt2o90tla tSe s :

Submarine Industrial BaseThe fi s c al year 2019 President’ s bud
$3,005,330,000 for advance procurement to support the construction ddhioe

Replacement Submarine. The Committee supports this request and recommends an

additional $250,000,000 to enhance the submarine industrial base. Further, the Committee

notes that $225,000, 000 above the President’s bu.
in fiscal year 2018 for the same purpose. The Committee supports the submarine
shipbuilding supply base in light of the Navy’s p
Navy’s “ AsRangeaPlan for Cangruction of Naval Vessels for Fiscal Yelar20

(30-year shipbuilding plan), but is concerned that the Navy is not budgeting the necessary

resources to increase capacity and create multiple suppliers for critical submarine
components, despite t he Navy’s sthaseed concermns
Therefore, the Assistant Secretary of the Navy (Research, Development and Acquisition)

and the Assistant Secretary of the Navy (Financial Management and Comptroller) are

directed to brief the congressionstrdtegdde fense ¢ o mmi
and associated necessary resources to support the submarine industrial base in the
President’s fiscal year 2020 budget. (Page 105)

%UJB"U’\B o0
NE ®& = &= o
Lo B O ==K~

The par &8gr dapshh Yienp onratkeeds tahpaptr opri ations for the Sh
Conversion, Navy (iSnCtNe)r dabl¢icau ptr ovm s bude s,

... Provided furthey That funds appropriated or otherwise made available by this Act for
production of the common missile compartmentnofclearpowered vessels may be
available for multiyear procurement of critical components to support continuous
production of such compartments only in accordance with the provisions of subsection (i)
of section 2218a of title 10, United States Code (deddby section 1023 of the National
Defense Authorization Act for Fiscal Year 2017 (Public Law-BP8)).

FY2019 Energy and Water DeveH.oB.ment Ay
58665 2975

Hous e

The House AppropriatidédlnRe@ewBdiilf Meyg, 2i1H. RR.Od 8y epar
5895recommends t he NDaOwEa If uRrédda dntgentse® s 1 r£act or syst
devel osphmoewnt i n t he TAB4L ecol umn of

Senate

The Senate AppropriatiSoReploddthilWage24Sji.n2018) repo
2975recommends the NaOwEa If uRrdda dntgentsas s 1 r £act or s yst
devel osphmoewnnt i n t heT&bdCe Repamdi of t h$ sReptommehda
258t ates:

COLUMBIA-CLASS REACTOR SYSTEMS DEVELOPMENT
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The Comnittee recommends $138,000,000 for ColurmBlass Reactor Systems
Development. Columbialass submarines must be delivered on time to maintain our
survivable deterrent. The Committee directs Naval Reactors to provide the report in the
Energy and Water Devgdment and Related Agencies Appropriations Act, 2018, on

technical risks to delivering the lead submarine on time, and mitigation strategies for those
risks. (Pages 10708)
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Appendix A.Summary of De$igfisSBN

This appendix provides foaak SrSBuNn & liamsfscersmat thiacdt n t chn
has operated since 1959. Tlahbd-lef ofusr schloawsns eisn atrhee stu

t he si zSeSBoNfs Wh.ass. grown over time, reflecting in |
SLBMs carried on each boat. -BPhet@hitoisl anumsg hcdmri
the SLBMs carried by earlier U.S. SI B Msn, and it
earlier UOUGIS.p&8SBNEoOTrhet hOehkisos s evd & shih an ,stubmer ge d

displ acle8Smem50 otfon s, is more than twice the size

Table A-1.U.S. SSBN Classes

George Lafayette/Benjamin
Washington Ethan Allen Franklin (SSBN - Ohio (SSBN -726)
(SSBN-598) class  (SSBN-608) class 616/640) class class
Number in class 5 5 31 18/14
Fiscal years FY1958FY1959 FY1959 and FY196: FY1961FY1964 FY1974/FY1977
procured FY1991
Years in 19591985 19611992 19632002 1981/1984 present
commission
Length 381.7 feet 410.5 feet 425 feet 560 feet
Beam 33 feet 33 feet 33 feet 42 feet
Submerged 6,700 tons 7,900 tons 8,250 tons 18,750 tons
displacement
Number of SLBM 16 16 16 24 (to be reduced
launch tubes to 20 by 2018)
Final type(s) of Polaris A3 Polaris A3 Poseidon G3/ Trident Il D-5
SLBM carried Trident| C-4
Diameter of those 54 inches 54 inches 74 inches 83 inches
SLBMs
Length of those 32.3 feet 32.3 feet 34 feet 44 feet
SLBMs
Weight of each 36,000 pounds 36,000 pounds 65,000/73,000 pounds ~130,000 pounds
SLBM (pounds)
Range of SLBMs ~2,500 nm ~2,500 nm ~2,500 nm/~4,000 nm ~4,000 nm

Sources: Prepared by CRS based on data in Norman Polrfilag, Ships and Aircraft of th8. FleeAnnapolis,
Naval Institute Press, various editions, and (for SSBN decommissioning dates) U.S. Naval Vessel Register.

Notes: Beam is the maximum width of a ship. For the submarines here, which have cylindrical hulls, beam is the
diameter of thehull.

The range of an SLBM can vary, depending on the number and weight of nuclear warheads;ibctuges
ranges can be lesser or greater than those shown.

The George Washingtoulass boats were procured as modifications of SSNs that were already und
construction.Three of the boatswere converted into SSNs toward the ends of their lives and were

76 The larger size of the Ohidass design also refled@growth in size over time in U.S. submarine designs due to
other reasons, such as piding increased interior volunfer measure$o quiet the submarine acoustically,ato
make it harder to detect.
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decommissioned in 198B985 The two boats that remained SSBNs throughout their lives were
decommissioned in 1981.

All five Ethan Allertlass boats were converted into SStdsvard the ends of their livesThe boats were
decommissioned in 1983 (two boats), 1985, 1991, and 1992

Two of the Lafayette/Benjamin Franktilass boats were converted into SSNs toward the enfitheir lives and
were decommissioned in 1999 and 200he 29 that remained SSBNs throughout their lives were
decommissioned in 198B995.For 19 of the boats, the Poseidon&was the final type of SLBM carried; for the
other 12, the Trident | G4 SLBM ws the final type of SLBM carried.

A total of 18 Ohio-class SSBNs were builthe first four, which entered service in 1981984,were converted

into SSGNs in 2002008.The remaining 14 boats entered service in 19897.AlthoughOhio-class SSBNs are
desgned to each carry 24 SLBMs, by 2018, four SLBM launch tubes on each boat are to be deactivated, and the
number of SLBMs that can be carried by each boat consequently is to be reducedswt?@t the number of
operational launchers and warheads in thé. force will comply with stratgc nuclear arms control limits
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AppendixB.U. &J K Cooperatiomndn SLB
the New UK SSBN

This appendix provides -UKckgopandtiadfiddmaBfLBMs oa
UKs ngenter ation B BNI| e gdrstshoekoaisssc cSeSSBN and now call
Dr e a d ncoluagshst S S BN.

The sUKfour -Vhagua$ SIBNs, which-1899¢credchecarcyg 16
II-5DSLBMs. Previous classes odfedKr StSBNs"' W.i$nil kB
The ’sUKe ofmald.eS.SLBMs on i1its SSBNsainsdimmge cdlosme n't
cooperation between #rkd attwal dosvsmtesi ¢hadn isuclaaead
Agreement for Cooperation on the Use(salosfo At omi ¢
known as the Mutual Defense Agreement ) . Within t
agreement ., cooperation on SLBMs in particular 1is
Agreement and a 1982 Exchange OFhNay tteast ibfeit evd ein

77 Although the SLBMs on UK SSBNs are U18ade, the nuclear warheads on the missiles are of UK design and
manufacture.

" AMarch18,2010f e port by the UK Parliament’s House of Commons Fort
following:

During the Cold Weoperationith theddited Staies wak eonsidered to be at

the heartofthe[UKU. S. ] “special r ethe1958dvutsahOeferice Thi s include
Agreement, the 1963 Polaris Sales Agreement (PSA) (subsequently amended for Trident), and the

UK’s wuse of the US nuclear tes-operationtalso in Nevada from 19
encompassed agreements for the United Statesetbases in Britain, with the right to store

nuclear weapons, and agreements for two bases in Yorkshire (Fylingdales and Menwith Hill) to be

upgraded to support US missile defence plans.

In 1958, the UK and US signed the Mutual Defence Agreement (MDA)oAgh some of the
appendices, amendments and Memoranda of Understanding remain classified, it is known that the
agreement provides for extensiveageration on nuclear warhead and reactor technologies, in
particular the exchange of classified informatimmcerning nuclear weapons to improve design,
development and fabrication capability. The agreement also provides for the transfer of nuclear
warheadrelated materials. The agreement was renewed in 2004 for another ten years.

The other major UKUS agreemat in this field is the 1963 Polaris Sales Agreement (PSA) which
allows the UK to acquire, support and operate the US Trident missile system. Originally signed to
allow the UK to acquire the Polaris Submarine Launched Ballistic Missile (SLBM) system in the
1960s, it was amended in 1980 to facilitate purchase of the Trident | (C4) missile and again in 1982
to authorise purchase of the more advanced Trident Il (D5) in place of the C4. In return, the UK
agreed to formally assign its nuclear forces to the @defefiNATO, except in an extreme national
emergency, under the terms of the 1962 Nassau Agreement reached between President John F.
Kennedy and Prime Minister Harold Macmillan to facilitate negotiation of the PSA.

Current nuclear coperation takes the ffim of leasing arrangements of around 60 Trident || D5

missiles from the US for t h-standifg toflabaratioh enphen de nt det err en
design of the W76 nuclear warhead carried on UK missiles. In 2006 it was revealed that the US and

theUKlad been working jointly on a new ‘Reliable Replacer
modernise existing W76tyle designs. In 2009 it emerged that simulation testing at Aldermaston

on dual axis hydrodynamics experiments had provided the US with scientifi¢ diataot

otherwise possess on this RRW programme.

The level of ceoperation between the two countries on highly sensitive military technology is,

according to the written submission from Ian Kearns,
alliancerelab ns hi p”. He quoted Admiral William Crowe, the for
who likenedthe UKUS nuclear relationship to that of an iceberg,
out, but beneath the water there is quite a bit of everyday business thahdmsd®een our two

>

governments in a fashion that’s unprecedented in the w

113
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Mar ch 2%hled Unhiatted States and the United Kingdom

commitment to nuclear deterrence thr. hgh the Pol
U.S. will continue to mapntwaith the IKrdog owurate
folbowpl atfor ms, based upd®n the Polaris Sales Ag
The firsd¢l ¥asngfi88BN was originally projected to
20214, but an October 2010 UKadefenhatanlhesécwest
Vanguard class ships will now be extended by a
service into the 1®¥ate 2020s and early 2030s

The UK plans to r ecpllaascse btohact sf owmirg bVu@tgautaer dor four
Dr e a d ncoluagshst boats are to be equipped with 12 mis
call for each -Po3EBMo, cwrtrly etheghdet Der four tubes
The repor‘tMasitna’tGeabtect He st & rddinnbguotlhe —s sbmeguneed
around®Dhlel 6fi rst new boat is to be delivered by
previous¥y planned.

The United States 1s assisDragdnShSeBgNUIp rwigtrha nc. e rltna
addition to the modular CommenUMi sedl 8t £fbmpar s me

UK with t h3 rnecawc ¥ROWR tped amide d a H ySoSuBgNa.t A December 20

press 1 epotrhte rset ahtaess btehehmh bsotrracdn @ n[ WK ]t hc alhe US [ on
Dr e a d nporuogghrta m] , particularly with regard to the
t echn’alnaddg t,hat t he des i glhr ecaodnncobupgshsts @mmieowvg d f or
propul sion plant basnegdgneemetna USBSodeVWVKgnegabdbuor usech
3) and modern secon¥Blre W.rSo.puNaviypns tsaytsetse msh a t

Naval Reactors, a joint Department of Energy/Department of Navy organization
responsible for all aspects of naval nuclear propulsionamasngoing technical exchange
with the UK Ministry of Defence under the US/UK 1958 Mutual Defence Agreement. The

personal bonds between the US/UK scientific and technical establishments were deeply rooted.

(House of Commons, Foreign Affairs Committ&g¢h ReportGlobal Security: UKUS Relations
March 18, 2010, paragraphs 1335; http://www.publications.parliament.ypekcm200910/
cmselectmfaff/114A14@.htm paragraphs 13135 are included in the section of the report
available ahttp://www.publications.parliament.ygcm200910¢mselecémfaff/114/11406.htm)

See also “U. K. S-Aams Bat¢tetnExoan Ni GlbbalBecurity Né&wvswire e d States, ”
(www.nti.org/gsn, July 30, 2014.

79 Statement of Rear Admiral Stephen Johnson, USN, Director, Str&ggfiems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Syatemd,7, 2010p. 6.

80 Securing Britain in an Age of Uncertainty: The Strategic Defence and Security RBuwsanted tBarliament by
the Prime Minister by Command of Her Majesty, October 2010, p. 39.

81 Securing Britain in an Age of Uncertainty: The Strategic Defence and Security Rewisented to Parliament by

the Prime Minister by Command of Her Majesty, October 2pp05, 3839.F o r mor e ®neadnought UK’ s
SSBN progranas it existed prior to the October 2010 UK defense and security review sg@oRjchard Scott,
“Deterrence AdanA’ Di De § Basamber 282601 128].

82 Securing Britain inan Age of Uncertainty: The Strategic Defence and Security ReRiegented to Parliament by
the Prime Minister by Command of Her Majesty, October 2010, p. 39.

83 PWR3 means pressurized water reactor, design number 3. U.S. and UK-poalesed submarinesmploy

pressurized water reactors. Earlier UK nucleawered submarines are powered by reactor designs that the UK

designated PWRandPWRl . For an article discussing the PWR3 plant,
Energising t hearUKPrso gh@ammeadesNuh ot er nat jJody2ald:4Bx47ence Revi ew

8Sam LaGrone and Richard Scott, “Strategdanelss eNavy Deterre:

International December 2011: 17 and 18.
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US/UK 1958 Mutual Defence Agreement is a Government to Government Atomic Energy
Act agreement that allows the exchange of naval nuclear giopuechnology between
the US and UK.

Under this agreement, Naval Reactors is providing the UK Ministry of Defence with US

naval nuclear propulsion technology to facilitate development of the naval nuclear
propulsion plant for CESSORUGAistic missitesubmagnener ati on S U
The technology exchange is managed and led by the US and UK Governments, with

participation from Naval Reactors prime contractors, private nuclear capable shipbuilders,

and several suppliers. A UK based office comprigebout 40 US personnel provide full

time engineering support for the exchange, with additional support from key US suppliers

and other US based program personnel as needed.

The relationship between the US and UK under the 1958 mutual defence agreement is
ongoing relationship and the level of support varies depending on the nature of the support
being provided. Naval Reactors work supporting the SUCCESSOR submarine is
reimbursed by the UK Ministry of Defenée.

U.S. assistance t oprtobpeul WK omn tmeacvhanlo I mougeyl efairr st o c
To help jurmsp sntwprdtwatrheed BKubmarine program, the Un
the UK a complete nuclear propulsion plant (plus
inston Itehde W. $.1 xN&SkyS5mjSac ke 1 (aB&Wenruecdl eaatrt a ck s ubmar
(SSNs), which entered service between 1'959 and 1
firstpowekeadr s hip, tDhree aadtntoauedkh ts hu bvemrectred mend 1s9%6r3 .
The December 2011 “three sUK riep arlts os tl aotoeksi ntgh aatt ot h e 1
b et wizreena d naonudg htthe Ohi o Replacement Programme. For
agreement has been signedt ioofnf orfe gsaorndairn ga rtrhaey sp Iwait
respective T mbat systems.

A June 24, 2016t eprehse foepbowing:

The [U.S. Navy] admiral responsible for the nuclear weapons component of ballistic
missile submarines today ppwiththeBtitishrnawal “truly uniq
officers who have similar responsibilities, and said that historic cooperation would not be
affected by Thursday’s vote to have the United Ki

Vice Adm. Terry Benedi ctcSysteingRrogramsrsaidbtfiat t he Navy’ s
based on a telephone exchange Thursday morning w
have no ¢ o ncaledBiexitvoteFforBritishexit— was a decision based o
its relationship with Europe, not with us. | seeyesterdas vot e ha®ing no effect.?”

85 Source: Email to CRS fromNawfOf i ce of Legislative Affairs, June 25, 2012
Generation U.K. Boomers RSN Nefvghttp:/fiewsousni.ofg.D8cemb®& d7, 2014i ons hi p, ”

8%Sam LaGrone andtrRitcehgaircd ASscsoettts,: “IBet erred@anPl snNa@ynfront C
International December 2011: 19. See also JTake Wallis Simons, “Br
Nucl ear [PoliticogApri 30, 2015.

80t t o KrBenedictdkkg i t“ From European Union Won), USNHNewsler Nucl ear
June 24, 2016.
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AppendixC.Co 1 u mbli aaPrso g rQrm gin and
Early Milestones

This appendix provides Cha cukndiriacsusn dp ri ongfrogrimna tainodn o n
early milestones

Al t hough the eventuall amse & StBdNnso vhim [sfi abree etmd tky Ohé or s
ColumHiass @amwmgbamtraced more specifically to an
2006 between President George W. Bush aad UK Pri
desire to participaetesecirwviaepdagsaldiiBMhextTon dd hteh
2040s, and genhawzetiohns-SEBNFothowynpPp this exchang
with an atwhea emresjse otfed ret-tt eamsmhEd8dNs e¢s moefthhe O
would dikedded to develop and DODelidd &2 00&p lbaegame 13
om ngexnerabnevrdsesaratB8BSHhdetseamrddmts bsesddt he t e
strategi(cSBdSelw)es rgmal the possibibittwethatsathbynbd
submarine.

An Initial Capabilities Document (I¥D)d for a new
approveds blyoiDOtD Requirements OversigfinCommittee
July 2008, DOD issued a Concept Decision providi
(AOA) for the program; an acquisiti’en decision n
acquisition executive, stated the mnatwflayshem wou
he Navy e €Codbimbsalsesd pdfaige aanbout t%his same ti me
The AOA reportedly beganThe ADA wasmmeomptefel] w
brief to the Office of the Sedhetdinadf ADAfenpeor
was completed in September 2009. An A®A Sufficie
Director, Cost Assessment & Progr®Tn eEvAaOlAuat i on (
concludeddd¢ hiagn aSHBWN was t hreg btese¢ ] @ptd I BNXNor ke

88 |n February2007, the commander of U.S. Strategic Command (STRATCOM) commissioned a task force to support
an anticipated Underwater Launched Missile Study (ULND®B) June 8, 2007, the Secretary of the Naijatedthe

ULMS. Six days later, the commander of STRATCOM directed that a Sea Based Strategic Deterrent (SBSD)
capabilitybased assessment (CBA) be performieduly 2007, the task force established by thmronander of

STRATCOM provided its recommendations regarding capabilities and characteristics for a new SBSD. (Source: Navy
list of key events relating to the ULMS and SBSD provided to CRS and the Congressional Budget Office (CBO) on
July 7, 2008.)

80n February 14, 2008, the SBSD ICD was approved for joint
Review Board (R3B). On April 29, 2008, the SBSD was approv
proceed to DOD’ s ard (dGBnS$ourceaNawy bsi of keyt eveats relding to the ULMS and SBSD

provided to CRS and CBO on July 7, 2008.)

9% Navy briefing to CRS and CBO on the SBSD program, July 6, 2009.

91 Navy briefing to CRS and CBO on the SBSD program, July 6, 2009.

92 An August 2008 press report states that the program office, called3PM3 , “was established within
mont hs.” (Dan Taylor, “Navy Stfredaerdp i Bneideghs BamyA@dist i ce To Ma
17, 2008.

B« Going BleferiseDaily, Septeniber 22, 2008, p. 1.

94 Department oDefenseFiscal Year (FY) 202 Budget EstimatedNavy, Justification Book Volume, Research,
Development, Test & Evaluation, NaBydget Activity 4entry for PEO603561N, Project 3220 (PDF page 345 of 888).
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a June 26, 20H3 scNasyngl opgtpoents that were examir
class, S BEendi)x E

The prsogMialne st omeetAi mg vwasw held on December 9, 2
the Navy provided the following statement to CRS
meeting:

The OHIO Replacement Program achieved Milestone A and leasdpproved to enter
the Technology Development Phase of the Dept. of Defense Life Cycle Management
System as of Jan. 10, 2011.

This milestone comes following the endorsement of the Defense Acquisition Board (DAB),
chaired by Dr. Carter (USD for Acquigiti, Technology, and Logistics) who has signed
the program’s Milestone A Acquisition Decision Me

The DAB endorsed replacing the current 14 Gtlass Ballistic Missile Submarines
(SSBNs) as they reach the end of their service life wit®Hid Replacement Submarines,
each comprising 16, 8nch diameter missile tubes utilizing TRIDENT Il D5 Life
Extended missiles (initial loadout). The decision came after the program was presented to
the Defense Acquisition Board (DAB) on Dec. 9, 2010.

ThaADM validat €ss Tiehceh nporlooggrya nDe vel opment Strategy ¢

Technology Development Phase during which warfig
operational and affordability gopment Deffgmnts pwb
continue to ensure sufficient techn®%logical matu

9 Source: Email from Navy Office of Legislative Affairs to CRS, February 3, 2011.
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AppendixD.Earlier Oversight Issue
ADes iwintlb vs. 20 SLBM Tubes

This appendix provides background inHermation on
Col umHias s -—ptrhoeg rqaunme st i Ol waiHiwdhe t hbatul d be equippe
16 or 20 SLBM launch tubes.

Overview

The NawWwwgcidsis€@ghtuemdiassmss iwdhatl 6 SLBM t ubaes ame her t
of s eeveeirsdihoendsNaadvey t o reduce the estimated average
through 12 imowhrd prhgaNgegtbetddti oafi %84 F¥2010 dol
Some observers were conlcuenmbniwad tchlhadtsés tebe gnraghehe
would create a risk that U.S. strategic nuclear
2030s and beyond to fully perform their deterren
the New Startafegatynbthearnwgeapons, DOD plans t
force of 14 Trident SSBNs, each with 20 operable
are to be rendered 80 ntoprasablwher €od utmddaasMady oifn 2
progims planning a force of 12 SSBNs @bhehwt with 16
3% 1 ess80t hElmhe®2e observers also cited the uncerta
for strategic deterrent fofoé¢smbdmt dtsdb otalke year 2
scheduled to leave service. Thes eCoolbusmebrivae rcsl aasssk e
with 1 tubes rather than 20 was fully supported
Comma n

I n res
with 1

oannsde ,o0 tNaevry DOD officials sCaltwendbitdhadl & shse

1

6

d (STRATCOM) .

p

6 tubes rather than 20 was carefully consi

9% At a March 30, 2011, hearing before the Strategic Forces subcommittee of the Senate Armed Services Committee,
Admiral Kirkland Donald Deputy Administrator for Naval Reactoand Director, Naval Nuclear Propulsion, National
Nuclear Security Administration, when asked for examples cost efficiencies that are being pursued in his programs,
statedthe following

The—t he Ohio replacement [ pr ogrydeehfocusedonbeceen one that we’
for—for several years now. But in the name of the efficiencies, and one of the issues as we work

through the Defense Department’ s acquisition process,
process that Dr. [Aston] Carter [the D@icquisition executive] headed up.

But we were challenged-teto drive the cost of that ship down, and as far as our part was

concerned, one of the key decisions that was made-that helped us in that regard was a

decision to go from 20 missile tubesli® missile tubes, because what that allowed us to do was to

downratethet he propul sion power thaitt wsasa nsmadleld[,e rsJo totbevi ous
reactor that you would need.

But what it also allowed us to do was to go back [to the use of exédimgonents]. The size [of

the ship] fell into the envelope where we could go back and use components that we had already
designed for the Virginia class [attack submarines] and bring those into this design, not have to do
it over again, but several of theechanical components, to use those over again.

And it enabled us to drive the cost of that propulsion plant down and rely on proven technology
thatpusmps and valves and things like that don’t change

bl

So we’re pretipgcomfioriabbkbiputhat’>11l be around “til 2
do that.

(Source: Transcript of hearing.)
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h 16 tubes wi l 1 v
e

gi u. S. st r artfeogrint tnhuecilre ar f
rrent role 1n the 30s

wi t e
det 2030 and beyond.

—

Testimony in 2011

At a March 1, 2011, hearing before the House Arnm
Roughe a@hi etetheonf Nawv st htOpdethei 6od ] owing:

I’m very comfortable with where we'rgoing with SSBNX. The decision and the
recommendation that | made with regard to the number of tulaesmch tubes are
consistent with the new START treaty. Theyconsistent with the missions that | see that
ship having to perform. And even though it neycharacterized as a cost cutting measure,
| believe it sizes the ship for the missions it will perféfm.

At a March 2, 2011, hearing before the Strategic
Services Committee, the following exchange occur

REPRESHETATIVE TURNER:

General Kehler, thank you so much for your continued thoughts and of course your
leadership. One item that we had a discussion on was the triad, of lockingttee Navy

and the tube reductions of 20 to 16, as contained in other heanitigs Hill today. | would

like your thoughts on the reduction of the tubes and what you see driving that, how you see
it affecting our strategic posture and any other thoughts you have on that?

AIR FORCE GENERAL C. ROBERT KEHLER COMMANDER, U.S. STRATEGIC
COMMAND

Thank you, Mr. Chairman. Well, first of all, sir, let me say thattiemy mind anyway,

the discussion of Trident and Okitass replacement is really a discussion in the context

of the need to modernize the entire triad. And so, firstofallhli nk t hat it’s import an
us to recognize that that is one piece, an important piece, but a piece of the decision process

that we need to go through.

Second, the issue of the number of tubes is not a simple &éfablkhite answer. So let me
just commat here for a minute.

First of all, the issue in my mind is the overall number of tubes we wind up with at the end,
not so much as the number of tubes per submarine.

Second, the issue is, of course, we have flexibility and options with how many warheads

b}

pe missile per tube, so that’s another considerat

Another consideration that is important to me is the overall number of boats and the
operational flexibility that we have with the overall number of boats, given that some
number will need to be in maintenance, some number will need to be in training, et cetera.

And so those and many other facteit® include a little bit of foresight here, in looking
ahead to 20 years from now in antisubmarine warfare environment that thevildnave

to operate in, all of those bear on the ultimate sideways shape configuration of eofollow
to the Ohio.

At this point, Mr. Chairman, | am not overly troubled by going to 16 tubes. As | look at
this, given that we have that kind of flexibilithat | just laid out; given that this is an
element of the triad and given that we have some decision space here as we go forward to
decide on the ultimate number of submarines, nothing troubles me operationally here to
the extent that | would oppose asuarine with 16 tubes.

97 Source: Transcript of hearing.
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| understand the reasons for wanting to have 20. | understand the arguments that were made

ahead of me. But as | sit here today, given the totality of the discussion;-dairsaid, |

am not overly troubl dhdtthe gavellhas.beeNpoundedbnthikon >t kno w
other side of the river yet with a final decision, but at this point, | am not overly troubled

by 1628

At an April 5, 2011, hearing before the Strategi
Services Coomhnhiotwtieneg, etxhceh afnge occurred:

REPRESENTATIVE LARSEN:

General Benedict, we have had this discussion, not you and I, | am sorry. But the
subcommittee has had a discussion in the past with regards to thel@isioeplacement
program.

The new START, though, lren it was negotiated, assumed a reduction from 24 missile
tubes per hole to, | think, a maximum a maximum of 20.

The current configuration [for th€olumbia clasl as | understand it, would move from
24 10 16.

Can you discuss, for the subcommittee herd, e Navy’s rationale for that?
from 24 to 16 as opposed to the max of 20?

NAVY REAR ADMIRAL TERRY BENEDICT, DIRECTOR, STRATEGIC SYSTEMS
PROGRAMS (SSP):

Sir, as part-excuse me, as part of the warg for the milestone A [review for the
Columbiaclass prograirwith Dr. Carter in OSD, SSP supported the extensive analysis at
both the OSD level as well as STRATCOM’ s analysis

Throughout that process, we provided, from the SWS [strategic weapon system] capability,
our perspective. Ultimately that wesled up into both STRATCOM and OSD and senior
Navy leadership and in previous testimony, the secretary of the Navy, the CNO, and
General Chilton have all expressed their confidence that the mission of the future, given
their perspectives, is they see #revironment today can be met with 16.

And so, as the acquisition and the SWS provider, we are prepared to support that decision
by leadership, sir.

REPRESENTATIVE LARSEN:
Yes.

And your analysis supportsdid your analysis that fed into this, did you loatkspecific
numbers then?

REARD ADMIRAL BENEDICT:

Sir, we looked at the ability of the system, again, SSP does not look at specific targets
with...

REPRESENTATIVE LARSEN:
Right. Yes, yes, yes.
REAR ADMIRAL BENEDICT:

98 Source: Transcript of hearing.
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At

Services Commi't

Our input was the capability of theisrile, the number of rentry bodies and the throw
weight that we can provide against those targets and based on that analysis, the leadership
decision was 16, sf.

an April 6, 2011
t e

SENATOR SESSIONS:

Admiral Benedict, according to recent press reports, the Navy rejected the
recommendations of Strategic Command to design the next generation of ballistic missile
submarines with 20 rssile tubes instead of opting for only 16 per boat.

What i1is the basis for the Navy’s decision of 1627
will that decision impact the overall nuclear force structure associated with the command?

NAVY REAR ADMIRAL TERRY BENEDICT, DIRECTOR, STRATEGIC SYSTEMS
PROGRAMS(SSP):

11, hearing before the Strategi
e, the following exchange occur

Ye s, sir. SSP supported the Navy analysis, STRAT

analysis, as we proceeded forward and towards the Milestone A decision Guiudheia
class prograinthat Dr. Cater conducted.

Based on our input, which was the technical input as-tiethe director of SSP, other
factors were considered, as you stated. Cost was one of them. But as the secretary, as the
CNO, and I think as General Kehler submitted in their testyribrat given the threats that

we see today, given the mission that we see today, given the upload capability €f,the D

and given the environment as they saw today, all three of those leaders were comfortable
with the decision to proceed forward with ties, sir.

SENATOR SESSIONS:

And is that represent your judgment? To what extent were you invelwede you
involved in that?

REAR ADMIRAL BENEDICT:

Sir, we were involved from technical aspects in terms of the capability of the missile itself,

what we an throw, our range, our capability. And based on what we understand the

capability of the B5 today, which will be the baseline missile for the Ohio Replacement

Program, as the director ofSSP I°'m comfortable

Section 242 Report

Section 242 of the FY2012 NaRi dPihah-8Meff2ense Aut ho
December 31.dDODI1I1d» 5 afmitCoal uwmhpioa ¢ tphotg haem

includes, among other things, an assessment of
nubmrs of SLBM launch tubes per sbhoat. The text

SEC. 242. REPORT AND COST ASSESSMENT OF OPTIONS FOR GEIASS
REPLACEMENT BALLISTIC MISSILE SUBMARINE.

(a) Report Required\Not later than 180 days after the date of the enactment of this Act, the
Secretary of the Navy and the Commander of the Unite$SStrategic Command shall
jointly submit to the congressional defense committees a report on each of the options

99 Source: Transcript of hearing.
100 Source: Transcript of hearing.
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Subsectio
cl assi e

The

described in subsection (b) to replace the aifdgs ballistic submarine program. The
report shall include the following:

(1) An assessmerf the procurement cost and total {fgcle costs associated with each
option.

(2) An assessment of the ability for each option to meet

(A) the atsea requirements of the Commander that are in place as of the date of the
enactment of this Act; and

(B) any expected changes in such requirements.
(3) An assessment of the ability for each option to meet

(A) the nuclear employment and planning guidance in place as of the date of the enactment
of this Act; and

(B) any expected changes in such guidance.

(4) A description of the postulated threat and strategic environment used to inform the
selection of a final option and how each option provides flexibility for responding to
changes in the threat and strategic environment.

(b) Options Considered he options dscribed in this subsection to replace the ctags
ballistic submarine program are as follows:

(1) A fleet of 12 submarines with 16 missile tubes each.

(2) A fleet of 10 submarines with 20 missile tubes each.

(3) A fleet of 10 submarines with 16 missilées each.

(4) A fleet of eight submarines with 20 missile tubes each.

(5) Any other options the Secretary and the Commander consider appropriate.

(c) Form The report required under subsection (a) shall be submitted in unclassified form,
but may include classified annex.

n
d annex.

, t hes taesx tf oolfl owhsi cchunider l i ning as

The National Defense Authorization Act (NDAA) for Fiscal Year 2012 (FY12) directed
the Secretary of the Navy and the Commander of U.S. Strategic Command
(USSTRATCOM) to jointly submit a report to the congressi defense committees
comparing four different options for the OHIO Replacement (OR) fleet ballistic missile
submarine (SSBN) program. Our assessment considered the current operational
requirements and guidance. The four SSBN options analyzed were:

1. 12 SSBNs with 16 missile tubes each
2. 10 SSBNs with 20 missile tubes each
3. 10 SSBNs with 16 missile tubes each
4. 8 SSBNSs with 20 missile tubes each

The SSBN force continues to be an integral part of our nuclear Triad and contributes to
deterrence throdgan assured second strike capability that is survivable, reliable, and
credible. The number of SSBNs and their combined missile tube capacity are important
factors in our flexibility to respond to changes in the threat and uncertainty in the strategic
envronment.
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We assessed each option against the ability to meet nuclear employment and planning
guidance, ability to satisfy @ea requirements, flexibility to respond to future changes in
the postulated threat and strategic environment, and cost. Inagjesiions with more
SSBNs can be adjusted downward in response to a diminished threat; however, options
with less SSBNs are more difficult to adjust upward in response to a growing threat.

Clearly, a smaller SSBN force would be less expensive tharger l&orce, but for the
reduced force options we assessed, they fail to meet cuns¥d ahd nuclear employment
requirements, increase risk in force survivability, and limit flexibility in response to an
uncertain strategic futur®ur assessment is tipeogram of record, 12 SBNs with 16
missile tubes eaclprovides the best balance of performance, flexibility, and cost meeting

commander’s requirements while supporting the
goals and objectives

The classified annesontains detailed analysis that is not releasable to the piblic.

101 Report andCost Assessment of Options for OH@ass Replacement Ballistic Missile Submayidaclassified
Summary received from Navy Legislative Affairs Office, August 24, 2012. See also Christopher J. Castelli,
“Classified Navy Assess maemt O nRISHeBRNENKISeptemberold, 2012 Pr o gr
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AppendixE.J une 2013 Navy Blog Pos

Ohi o Replacement Options
This appendix presents the text of a June 26, 20
BreckenridgeDitdaet daav fWarr flanrdee r(sN9 7 ) , discussing ¢

examined for fcelplsasc iSSSgBNtshe Thhi ¢ ext 1is as follow:

Over the last five years, the Nawyorking with U.S. Strategic Command, the Joint Staff

and the Offie of the Secretary of Defenrdms formdy examined various options to
replace the Ohio ballistic missile submarines as they retire beginning in 2027. This analysis
included a variety of replacement platform options, including designs based on the highly
successful Virginieclass attack submaie program and the current Ofdlass ballistic

missile submarine. In the end, the Navy elected to pursue a new design that leverages the
lessons from the Ohio, the Virginia advances in shipbuilding and improvements-in cost
efficiency.

Recently, a varietpf writers have speculated that the required survivable deterrence could
be achieved more cost effectively with the Virgibiased option or by restarting the Chio
class SSBN production line. Both of these ideas make sense at facewnddteis why

they were included among the alternatives assessedhe devil is in the details. When

we examined the particulars, each of these options came up short in both military
effectiveness and cost efficiency.

Virginia -based SSBN design with a Trident Il D5 missileAn SSBN design based on a
Virginia-class attack submarine with a largjiameter missile compartment was rejected
due to a wide range of shortfalls. It would:

» Not meet survivability (stealth) requirements due to poor hull streamlining and lack of a
drivetrain able to quietly propel a much larger ship

* Not meet asea availability requirements due to longer refit times (since equipment is
packed more tightly within the hull, it requires more time to replace, repair and retest)

» Not meet availability regirements due to a longer rdife overhaul (refueling needed)
* Require a larger number of submarines to meet the same operational requirement

» Reduce the deterrent value needed to protect the country (fewer missiles, warheads at
sea)

» Be more expensivihan other alternatives due to extensive redesign of Virginia systems
to work with the large missile compartment (for example, a taller sail, larger control
surfaces and more robust support systems)

We would be spending more money (on more ships) toatdéigs deterrence (reduced at
sea warhead presence) with less survivability (platforms that are less stealthy).

Virginia -based SSBN design with a smaller missilesSome have encouraged the
development of a new, smaller missile to go with a Virgbdaed SBN. This would carry
forward many of the shortfalls of a Virginleased SSBN we just discussed, and add to it

a long list of new issues. Developing a hew nuclear missile from scratch with an industrial
base that last produced a new design more than 28 gga would be challenging, costly

and require extensive testing. We deliberately decided to extend the life of the current
missile to decouple and sk the complex (and costly) missile development program
from the new replacement submarine programdi##@hally, a smaller missile means a
shorter employment range requiring longer SSBN patrol transits. This would compromise
survivability, require more submarines at sea and ultimately weaken our deterrence
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effectiveness. With significant cost, technicatiaschedule risks, there is little about this
option that is attractive.

Ohio-based SSBN desigrBome have argued that we shouldpen the Ohio production

line and resume building the Ohio design SSBNs. This simply cannot be done because
there is no Ohigroduction line. It has long since beerweled and modernized to build
stateof-the-art Virginiaclass SSNs using computerized designs and modular, automated
construction techniques. Is it desirable to redesign the Ohio so that a ship with its legacy
performance could be built using the new production facilities? No, since arb@seal

SSBN would:

 Not provide the required quieting due to Ohio design constraints and use of a propeller
instead of a propulsor (which is the standard for virtually all sglwmarines)

* Require 14 instead of 12 SSBNs by reverting to Ohio class operational availability
standards (incidentally creating other issues with the New START treaty limits)

« Suffer from reduced reliability and costs associated with the obsolescence of legacy Ohio
system components

Once again, the end result would necessitate procuring more submarines (14) to provide
the required asea presence and each of them would beskesdthy and less survivable
against foreseeable 2tentury threats.

The Right Answer: A new design SSBN that improves on OhioWhat has emerged

from the Navy’s exhaustive analysis is an Ohio re
foundation of theproven performance of the Ohio SSBN, its Trident Il D5 strategic

weapons system and its operating cycle. To this it adds:

» Enhanced stealth as necessary to pace emerging threats expected over its service life

» Systems commonality with Virginia (pumpsalves, sonars, etc.) wherever possible,
enabling cost savings in design, procurement, maintenance and logistics

Modular construction and use of COTS equipment ¢
submarines to reduce the cost of fabrication, maintenande modernization. Total

ownership cost reduction (for example, investing in adff¢he-ship reactor core enables

providing the same atea presence with fewer platforms). Although the Ohio replacement

is a “mew design, ” i testhebestlassoasffrbm t8Otyears of S SBN t hat
undersea deterrence, from the Ohio, from the Virginia, from advances in shipbuilding

efficiency and maintenance, and from the stern realities of needing to provide survivable

nuclear deterrence. The result is a gk, costeffective platform capable of smoothly

transitioning from the Ohio and delivering effectivest2dentury undersea strategic

deterrencé?

Aut hor Information

Ronald O'Rourke
Specialist in Naval Affairs

102¢«Facts We Can Agree Upon About Design of Ohio Replacement SSBNNa vy Li ve, accessed July
http://navylive.dodlive.mi201306/26/factswe-canagreeuponaboutdesignof-ohio-replacemenssbn/
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