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Navy Columbia (SSBN-826) Class Ballistic Missile Submarine Program
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The Col(uSnsbBilda6 ) paloge@sa mpr ogram to desi gewand buil d
ballistic missile submasicesr reEdBBN@)gcdkastsepfpldace
SSBNs. The NavyCdlasnmlbigdeatps oglhea maepy priority pr
The NavypwaantsetbobhaclfdgstbCaRasmada FdY¥a0ahd devel oy
work on the program has been underway for sever
fundindg ihbebhegher 1AThrRY2ZHaWwy opoZXbddE¥2Orequest
$2,8Bi |l (iorr., abount pbr2o cOu rbe me m omifHl u(nidimen.g,, abblo, ult2 3 .

$1.1 bhnl laidoom)nce pr oc yarnedefmi3d ( ABh Ffrmndesgar ch ar
development funding for the program.

The Mawyw2021 budget ssthmi psocmuresneinmatceost of tF
class boat at $14, 393. 4 nmiyldeam nd  billndgds, 0 db.o&it $1
million (i.e., about $6. 6sBehltitcare) ylien acbsts for
design/ nonrecurring engCoeembinags( DRIt MRMEE ngobbdsg
Nawwdgetary practice to incorporate the DD/ NRE
procurement cost ofExtehddcnégst stf ehi pl ansotnhé hel as s
construction c@&8t 386 .t7tThenifliieh 6hip.isabout $8.

recedov,ed27. 8 million (i.eear afhPR uftu nbtsi.n2y .o pTbhsde dMg v
FY2021 rbeugdugeestt s $2, 891.5 million in procurement
million (i.e., about $5. 3 billion)’'stimt glrocur eme

estimated prodc $rl1edma8®t3. ddomtblel ircemuest2e3d in FY202:

The Navy wants to prolagyse hdhaet siec’®9WWEHDR b4 .u mbha N
budget submispr oo uemmiemadotfe st htitse boat at $9, 326. 1

billi ony)eairn dthhed ddraspyr oposed RYAUGERZIt sb udlg elt2 3r. 2 mi |
AP f ufmdi nghecCabsmpifoawhamh $1, 028.0 million (i.
for the second boat and $95.2 million is for th
The MdMawWwlbO@2get ssbhmmasesntée total-shpipcalament
at

BLDOBOLiIi oyean dbkhar s.
e f ofr o riGonlhyweoellsissss s ipmolgudhen t he f ol l owi ng:

t n, anad/hrfivenali noghal | eng

r Bt sdefs a delay in designinglasd building 1

boathi olwmld put ats rmbskithetNawnve the boat r
scheduled deterrent patrol in 2031, when it
rtei r i nglsaD45iSABN ;

T whether the Navy has accur
Columbiass proglram in FY202

h

T the risk of cost growt in the progr am;

T the potenti al i-mpass$s pfoghemCohumbhding that
avail aobtlhganfyorpr ograms, includingawondher shiphb

T potentiabasedulalrlimanges ofclawisl doionagt sb aatntd Co |
Virgcelnasas attalckSEau)btimae i a@me t i me.
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This report provides backgr ound Gonnfgorrensast ioonn tahned
Columbiass ,arpgogmam to desigriwvahdi buikd masaclides
submarines SSBNSs duwr rerpth gfc@hgiddhes N ash&eB N s .

Navy has i ntdlfda s pgrheg rCahowandpirahoer iNayv ypr ogr am.
wants to p c urcd atstse bfoiaMd & nE&NpREMHIms ed FY2021 b
requests $ 8
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5 million in procurement ndin
rth
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e
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fundin 7 ad dmidlelvied o pimre nt e s @ardé¢ ng
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nCookl eusodaess & hgeo olgd asnubst antially a

f
f
oses a number of Deodsngnandh
f f
ities andanfduntdhiengU.rSe q usihriepnbeunitisd,i ng i

ct
dust
n owersitewte@efgic and btuhfeg bt @b padscopiraxxgtr aimn w
e Navy shipbuilding QRS gRegpmng tnBR\ IREGHBE g Nnsi de
UXFWXUH DQG 6KLSEXLOGLQJ 30DQY % PFMRDOURXIQG DQ R VUV X
s

repor tCdloucolbisicesss ogs d @ reMawviyn ¢ hgrpdairi dmwh. Anot he
RS r-e@®RS tRepor t8 RLEVVBBAWHILF 1XFOHDU )RUFHV %DFNJUR
DQG ,VVEMV Amy—dFs c We Elefsu mihiaas calnasd ement of future

nuclear forces in t e ntso moeaelxetio matfseagamsdace edif c o h u c |
agreements.
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The. S. ohaewyat es tshurbenea—+h incelbavero e d att ack submarine
nucipeoarer ed cruise missiamed pedvmamaldniesst i(cS SMENsss)i | e
submarinelsT heSSBMNs) and -8iSGNsoar € h mpvsatrtiheatty poefr f or
peacetime and.2Waeyiime mosscarsy nuclear weapons

11n the designations SSN, SSGN, and SSBN, the SS stands for submarine, N stands fepouelesd (meaningthe

ship is powered by a nuclear react@)stands for guided missile (such as a cruise mis8lsjands for ballistic

mi ssil e. AsNshoiwn ®FN,t h8SIBNS Naa submaBres &te nuckaowered.Other navies
operate nonnuclear powered submarines, which are powered by energy sources such as diesé#{ sugimes.r i ne’ s
use of nuclear or notuclear power as its energy source is not an indication of whether it is armed with nuclear
weapons—a nuclearpowered submarine cdack nuclear weapons, and a muclearpowered submarine can be armed
with nuclear weapons.

For more on t hiSSGNs seERSsReSoBtRE32448avy Virginia (SSN74) Class Attack
Submarine Procurement: Background and Issues for CongmgsRonald O'RourkeandCRS Report RS2100Ravy
Trident Submarine Conversion (SSGN) Program: Background and Issues for Cotgr&smald O'Rourke

SThe Navy’'s nonstrameagnicngualleaof wedposservice’s nuclear wea|
launched ballistianissiles (SLBMs}-were removed from Navy surface ships and submarines under a unilateral U.S.

nuclear initiative announced by President George H. W. Bush in September 1991. The initiative reserved a right to

rearm SSNs with nucleaarmed cruise missiles abme point in the future should conditions warrant.
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The SSBNs, penfoomtanasspitomtraedgircenclieo | par f deme

this mission, SSBNs-lavachrmed aWwl t ¥t scabmas snkes
| arger,angpengmi ssiles armed with multiple nuclear
from-diaarngeet er verticalelauddhetskeedIhbba&8BNE hien bt
basic mission is to remasicn detdtdenaanuskaamwi datht &
Unit edbyStaantoetsher country by demonstrating to ot
assureecrtskeondpability, meaning a survivable sy

nuchedmc k.

Navy SWHBNesh are someti mes‘boeméfrererd dme ilndg ronfaltlt
U. S strategic nutcrl lfesti, cdhe tad rsroebrats efdure@a.,e F@ront i ne
ballistic missiblacsssedf HO®Mshbombhdr bandt any given

the 'Blag$BNs are conducting nuclear ¢¢eterrent pa
(DO®) r epor8&Nuocnl etahre P200slP Ry el Rasedwo O NBehlteary 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 knowternmeaedible
threats to the survildity of the SSBN force. Nevertheless, we will continue to hedge
againstthe possibility that advances in &utmarine warfare could make the SSBN force
less survivable in the futufe.

"YUV OBWOB B2 2! - U

The Navy currently-7o®)eralt eebs gldI POMITh e( DIBN s ar e
commonly called Trident SSBNsTrirO&8tnBMsy Tr i dent
Thewer e pr oc u/FFeYdl 9a9nHrFtYd O &d s4lrovoT/byeveirne 1d%e& i gned

and built by 'BEeeet anl cDBomami Disvi si on (GD/ EB) of
PoinfTheRl were origi-gyabhry seevigredi ves BOQt were
year service | iavpepsr,oxionmastaaesityp @igfopdp amvdobedsley an
appr ox4#4yemmddiyf e nuclear refueling overhaul, <call
( O). The nuclear refueling overhaul includes
t ship thatnusl eat’refaekbdngo the

ER

he

he leates originaebhkch dasirgaRpglatSBMs| dODf or

ompl yilhgRusissthaat egi ¢ nukil miaff carmsSLB8Mnt aohch t ul
ach boat have been deacbdofv&tLBMs trtlkedwywccag ¢achBO

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

5 Thisinformal namés a reference to the large boohat would be made by the detonation of an SLBM nuclear
warhead.

6 Department of Defenstluclear Posture Revie®018 released February 2,2018, pp-43.

7 A total of 18 Ohieclass SSBNs were procured in FY197%¥1991. The ships entered service in 198I97.T he first

eight boats in the class were originally armed with Tridendl & BMs; the final ten were armed with larger and
morecapable TridentIIE6  SL B Ms . The Clinton Administration’s 1994 Nucle
recommended a strategic numidorce for the START Il strategic nuclear arms reduction treaty thatincluded 14 Ohio
class SSBNs, all armed with-Bs. Thisrecommendation promptedinterestin the idea of converting the first four Ohio
class boats (SSBNs 72&29) into SSGNs, so as toate good use of the 20 years of potential operational life
remaining in these four boats, and to bolster the U.S. SSN fleet. T he first £@bkshoats were convertedinto

SSGNs in 2002008, and the next four (SSBNs %333) were backfitted with £ SLBMs in 20002005, producing

the current force of 14 Ohiolass SSBNs, all of which are armed with505LBMs. For more on the SSGN conversion
program, se€RS Report RS2100Ravy Trident Submarine ConversiSSGN) Program: Background and Issues for
Congresshy Ronald O'Rourke
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Ei ght of -ctlhaes s14SSBNso are homeported atsiBkangor, V
are homeportedchodHtienh gs oB&wllai Kb, rndoesrt. Navy ships
operated by singheecopwsat dldavlyy S&IBiNser nating cre
Gold crews) so as to maximize the percentage of

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

—

Source: U.S. Navy photograph.

The first -olffagheSIFBON[i SBN reaygbat heeemdcef| it
2072The remaineagdbh@hwofl their service lives at
yeanr etalie er ,trweiatchhitntpe tlh4de endd4df its service |I|i

The Navy has initiated a programb t®LBMsf utrobi s h
about.A20@®Ilaulmdbsisa SSBNs begilmstso boaplsad @- QRi3d, r

a
f €
a

5arried byclreess rboagt Ohwiol | be-ctlrasrss fomrat sd t o n
Columbiass boats will continue-50oume i &r eebtduwi 2 8 4
which ti&fme atrleketdD be replaced by a successor SLE
Il ncl uddhnigp tchleass, the Navy has operated four cl e

summarizing the$ISHQGL] $cl asses, see
4626 w' OOx1 OBWHPAOAMB wUT T w- T Pwsd* w22! -

As one expr-Bk sciomperfatlUidSn on nuclear weapon mat |
War hlé&lKsf our Van@sar & SBNs, whichl®h9 ereacls ecarnce
Tride+#t SILBMBr,e vainodussp ccfl al4ks eSSBNs si-gpelnamrlayy ioarrie
U.S. STBMs UK plans t o r eplaascse btohaet sf owirt hVatnlgrue e dc
Dr e ad nooluagshsy & n e rSaStBiNbsme a d ncoluagshst bbetsgargpéo with
missile launch tubes, but caumrryeiet JUHEMgD tam st ttea | |
ot her four tubes noThbeUnigpp mdwifd ihirbge stSeedBMisi c al a:

8 Although the SLBMs on UK SSBNs are UsBade, the nuclear warheads on the missiles are of UK design and
manufacture.
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the United Wrregdaodsighrtp itdags amt has over the year
UK submarinefprogddmtsi ofS&EH QAL ébus si on, see

2UEOQOEUDOI w' 00U wBEWwPHWw( OEVUUU
u. S. Navy submarines—Gaemerlkadi’lBty emtmitcveo Boht ppPavids

(GD/ EB) of Groton, CT, and QuonseiNeWpiomt, RI, a
News Shipbuilding (HI'Il / NNS), of NewpyorttwoNews, V

shipyards in the counpowerceapgabdbhieepsf GDIi E8i bgi hd
only, while HI I/ NNSvearlesdo abiuiclrdasf tn uccalrerairer s and i
t ypesuroffaclehe htiwes .yardsycbur bdi-hdigasvs egjf tiamtkl
submat¥ines.

I n addition to GD/EB and HI 1T/ NNS, thensilolecarine
osupplier firms, as well as Il aboratories and r e
t omat eprricaclur ed from supplier firms for-the const
source suppl-peopul Fioan nuecmpament suppliers, an
wor k is'st me-piaay edcarnricerafdons®ruction program
Much of the design and engineering portion of t
resident at GD/ EB. Small erd pomtei wris tdree croanpiothem

" OO U GE®EIA] UE O

- EYAw3 Oxw/ UPOUDPUaw/ UOT UEOD

Navy offstabakes ban8épt e2mblely tshian @€ lhaes sCod ruondri am i
the 'Slavgp priority program, and thaNaushis means
perspectivecg!l ashe ETkddéy mhémmmad ed, ev en piefn steh atf ¢ o me s
funding for otlther Navy progr ams.

9 For more on the arrangement for jointly building Virgidass boats, se@RS Report RL32418\avy Virginia (SSN
774) Class Attack Submarine Procurement: Background and Issues for Congyrddsnald O'Rourke

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

11 0n September 18, 2013, Admiral Jonathan Greenert -Géaf of Naval Operations, testified that the Columbia

class program “is t he t o(Patemerta Adinitahdonpthao Greeaear, S SoNavyiChief Navy . ”
of Naval Operations, Before the House Armed Services Committee on Planning for Sequestration in FY 2014 and
Perspectives of the Military Services on the Strategic Choices and Management Reviemb8ed. 8, 2013, p. 10.)

Navy officials since then have reiterated this statement on numerous occasions. At a September 12,2013, hearing

before the Seapower and Projection Forces subcommittee of the House Armed Services Committee on undersea

warfare, a Nay official stated the following:

The CNO has stated, hisnumber one priority as the chief of Naval operations--swistrategic

deterrent—our nuclear strategic deterrent. That will trump all other vitally important requirements

within our Navy,but it her e’ s only one thing that -we do with our sh
are committedto sustaining a two ocean national strategic deterrent that protects our homeland

from nuclear attack, from other major war aggression and also access and extendeuitdeter

our allies.

(Transcript of hearing. (Spoken remarks of Rear Admiral Richard Breckenridge. The other witness
at the hearingwas Rear Admiral David Johnson.)
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/ UOT UEOQuw- EOI

Until, ZThEk6wbiass wa®gkmaomwn as the Ohio replaceme
SSBN( Xjanpamd)y boats in the class wererreferred t
SSBN$® me budmenhtdocontinue to use these ter ms.

/| UOT UEQw. UPT DPOWEOGEW, POI UUOOI U
Foirnf ormat@dleumbias s 'progr@gmn andSRAHRQ&L|f &nes, see
/| OEOOI Ew/ UOE U Ud Wi @Bwo I EICED®I

oS—— 71 >"E252Z-7Z-Fe1WR—¢'C

Navy plans c¢ alClol fuah iapsrst cbwraetpgad @ t he current fo
class SSBBEHsnihg ke planned procuremehmé quantit
foll owing:

T Temper ati onrmadanSiSnBNsboat s not encumbered by | e

act+ame needed to meet strategic nuclear det
a certaoh 88BNerat sea at any given moment .

f Four ®leiech as swebrmeae ded tthe me@tui r ement for 10
operati bepalaueat luring the middle years of t
three &anthesofmeumweoef onppeneaboabhm@l| mameanhy give
on account of being in the midst of Ilengthy
ot her extended maintenance actions.

T Twelrvaet her)Coha+hidé swiblolatbe needed to meet t he
equirement for 10 opercavdrom@ol st 8 because
|l ass bwhatch will not include a nuclear ref ue
abtowywear s) than t he midl icfleasrse fbuoealti sn g( vwohiea hh
equi rfeoyaebaorust f r om contract ewagdthatdeliver)
nt wool u+wbias s( rbaotalttem o ¢ & a o nieddurme $ 1 be i n

he midst of omi @ltihfeeg @wdrema eddts naaniynt enance ac
iven moment during@gotl bhebmisdsd I[lé fye arysc leef. t he

Q0 S—~0O =

e TAdumripn i &st rNautciloermar PoPR) yr eeRewvabsew (N February
e f olTlheewiCrO- @MBlIsA program will deliver a minir
e current OHI O fleet and is des '$YTnheed usoe porfo v i

e ‘mé mdhmunm & dratteearc eb e v i g wapboi sdsgityhtaie r equir ed

121n the designation SSBN(X), the (X) meant that the design of the boat had not yet tazerirded.

BFor additional di scussi on, see “Navy Responds to Debate Ov
2013, accessed July 26, 2013h#tp://navylive.dodlive.mi201305/16havyrespondso-debateoverthesizeof-the-
sshnforce/ and Richard Breckenridge, “ SSBN Force Level Requireme

Live, July 19,2013, accessed July 2613, athttp://navylive.dodlive.mi201307/A9/ksbnrforce-levelrequirements
its-simply-a-matterof-geography/

14 Departmenbf DefenseNuclear Posture Review 20 1&leased February 2, 2018, p. 49. A similar statement (which

differs only in saying “COLUMBicAapsopremifaméd) happeaas 6mCOh.L
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number ofclCoslsumbdaat s might at some point be incr
boadt s

ZeSe' " —RII™MBE ——7¢1 > TEZ2>72-72+"21SH® - 7> 8A— 1V ][

SEZYZel "Se1S—ell YT SeeeZl1 HSEZIXVZ[1 «S—

The Mawwi s tlienvge|f gromaé , which the Navy released
achieving and mai nt,aiinnignlgacdaiomfg eocttzh ef@id cah5ebs gssh,i p s
ballistic mis§dhceledwallb ngaol aulmbaoifa sls2 Cmat s was det er
the calculations des.crTihbeesde icna ltchuel aptrieovniso,u sw hsieccht
specialized missionpsetrifdtlengi 8&Sd Nicalregaerl yd esteeprarr eant ce
the calculations t hdar -4t eéwe INagvoyaluss efsort ot hdee toetrhneirn
make up the Navy.

The NatvlyeabDdpart mmiPpsohcbell®&n9eh@ave been workin
Naviyer evel goal to r-zipdlaand htehe onmcrl usenton3®% t his
release of its r emsudelsayteod QoenpgedatBesd Otga vweb Bbceeet | at €
2020, Secretary of Def enset Meerwkv Measfpoemcegh r gwoiad e d
whik@Gz alls BattThki Fomawvieddeéddal f or achieving a
than 500 manned and unmanned ships b¥ 2045, i nc
I n outlining some 02045he Heparl diofn®dbatspecFbyc
mi ssile subnsalPriensess ridp arstcsh node Ddlbe kNawy devel op B
Forceske®dgdst that the work has focused on deter
ballisticarmimessi ,Baa isdudtntatn oceh 2r0giess tmhi@ -1 fe@red e

gohbr Codluasbd aboat s.

S——FE7>2-72—1 ®'Ze747

Thdavy wants to proclbasestheatiratFERORAMbi &he s ec
the remainionffg olnle gtera yreamtre fr obn&&2002Bi s hsobgtufF
Na wy o jtehcatisettdéboat, wfoiurl it bleoat)8 veéhed sierc olY2 0 2
FY2)3 and the remaining 10 adt har oruagtBe F&Yf2t0edne per
beng del i ve eddadwaoFok2d0O 2under go substantial test.i
havingeatdybeor ntt spdtimalt idret2ed3le.

Under this schedule, and g+4cV ars sp |lbaoran esd, rtehtei rNeamey
t hat BtiNhd 03 e wolud db adetcd-FINROR®2022 baéat boabhsFY20
in FYRYVY2BZW36 and 10-Fby2&dtdd,i mnRAY2Z0h3™M increase bac
FY2041 and 12 Mdet Naiviy BEY22G45. t hat t hegreductio

perk$20BY20i4s1l acceptable in terms of meeting str
requirements, because during these years, all 1
(i.e., none of them will bbauh)th®heami Navyoédchkhnb
that there is some risk in having the SSBN forec

Bsee, for exampl e, Mar c SerlsidenBuging Moré TRand1yColvhib@Bldss So meday C
Su b ma r Defease DdilyApril 12,2018: 23.

16 For more on the 355hip forcelevel goal, Battle Force 2045, andthe process that the Navy uses to determine force

level goals for all the other types of shipat make up the Navy, s€RS Report RL32663Navy Force Structure and
Shipbuilding Plans: Background and Issues for CongrggsRonald O'Rourke

17source: U.S. NavyReportto Congress on the Annlaing-Range Plan for Construction of Naval Vessels for Fiscal
Year 2019February 2018, Tables ABthrough A34 on p. 12.
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orbing an unforeseen event that m
nance action.
1

e Mk | booedrti 9ber e 4 8 ddr b@mat s (provi n

s oma di tmao rgadnb sfoorrbi ng an unf oreseen event tha m
unscheduled and |l enghbhhwyamaehéeattnuopg amynteadomut on.
n

r

mar gin for abs
l engthy mainte
1

Therjecmiendi mu m 1| di
t

procurement dates boats 2 through 12 i t he
ured in FY2023 rathe

of
program would be proc t han
be procured in FY2025 raéementimgnt Riv20@pti amdc e
Navsy plan for funding the procurement of other |
FY20RR2025.

" OOU OE b B (GEH (00 w

The Co-tumbbsadels)iX¢gahh)yL3d>¥H i ncludes 16 SLBM tubes,
24 SLBM tubes (of w®liBMs)2O0xcra@lsindS & Biddosugd ft dire
Columbigdees i gnewsearBMubes t h-ah ateksd g@hiso | arger t han
Ohicd assideséegms of submee g€at idinspddesesimegmt | ike
Ohicd ass designbbetbeel at gewt| suddnabtraeesver bui
additional backgroundcia$sr h&@$3SH@AGL s eehe Col umb

Figure 2.Columbia (SSBN -826) Class SSBN
$UWLVW.-V UHQGHULQJ

Source: ,00XVWUDWLRQ DFFRPS D®Naks BYABCon¥Uact/fbr thy Eldllimbiaclass
NuclearMissile ubmarinespy '"HIHQVH 1HZV 1RYHPEHU theimagecrédibsSitwoliire@.SV R
Navy.
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Figure 3.Columbia (SSBN-826) Class SSBN
Notional cutaway illustration

Source: '"HWDLO RI VOLGHO ReHleemew yddam” System Descriptign LQ 1DY\ EULHILQJ RQ
Columbiaclassprogram presented by Captain Wam J. Broughar®rogram Managef PMS 397 (i.e., Project

Manager Shipbuilding, Office Code 397, the office forGokimbiaclass prograi atthe Sea, Air, and Space

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

Current U.S. andCoUKu npbliaan dc IcdaBbsl elsfdarcolughdB N t o

useniadsile ceamparmimdaeadte section of t hetbhoeat with
same genéed%Asal meed i @ddnr leiaemcoluagshst SSBNs are to each
ei gkt SBMs, or half the number to be carried by
the CMC will accommoa alkee gt rdnonsi dofi f tf ke efnecredi ng f o
of GMG including a large®@portion of the initial
3PTT Ow2ET T EUOT wi OUw#1 UPT OBDOT WEOEwW! UPOEw+1 EEU
The schedule for desCghumlibamd bawmid dhianvgi ntgh @ t| e aec

scheduled first detenmar@momn @mdtsmolbiinrg 203 1o r heasse elni
technical chaldé¢leaged doxlsalyasi.dhi dgesi gning and buil
could put d4 ahislki ttyhet oNalwvwayve t he boat ready for
2031, i whien to deploy in tkd aplsalched Bdifi gthhten efsisr sitn
| eadsbdasign and cbastbeenhianpschedpal feature
with the phrigdr miority) for emeatatimeannsd Muceé
that the Navy devotes to the program is focused
t o t he’sl ecaadn sbtorautct i on schedule, so as to ensure
significant del ay.

>"e>S—_EE R’ —1 “ce-

Estimates of co@e ac qcodsitidtraresd e ar ¢ h  a ncdo pdteuvse | o p me
procurceosdaot t hel @aslsumlrioagr am include the foll owi

18 statement of Rear Admiral Stephen Johnson, USN, Director, Strategic Systems Programs, Before the Subcommittee
on Strategic Forces ofie Senate Armed Services Committee [on] FY2011 Strategic Systtamnsh 17, 2010p. 6,

whi ch st at e sThe®HO Replacdmenvproggams irfcludes the development of acommon missile
compartmentthat will support both the OHIO Class Replacemetthe successor to the UK Vanguard Class

19 see Government Accountability Offic@efense Acquisitions]:] Assessments of Selected Weapon Proge®s

10-388SP, March 2010, p. 152; Government Accountability Offlefense Acquisitions[;] AssessmentSefected

Weapon Program$GAO-11-233SP, March 2011,p.143am LaGrone and Richard Scott, “Det
and UK Wait on Next St e{OQHI¥ri1DYSBYMaREIQMWLIOERD Ot s, "
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design/ nonrecurrtr

ng ( DB/t NMRH) ngost s

T The NMawvWwdboa2get submissionueseméembtesst hef t ot
thesliidp c| 8bs| hto-$3a81® . dbkehar s.

T The NAvug 29Il 7 e gthiematoead! procCot embntt cost of
class @r oPr @In 2 ywaedd iodaol liamr 'shemds ehecprogram
and devel opln3eendt bciddttaat dd| tdresn, for a tot al
(research apldpsEecvet emeen}) cost-yefar$122.3 bil
dol Par s

T The Nawyanasarof 2@tlh7e epsrtoaanartement cost of t he
t hCo |l ummbiaas s ialtl i$o8.n2t nb26dbAasdal |l ars, not includ
billion dollars in additional cost for plans
procurement cost of ships 2 etahtrhough 12 in th
constant F%*2017 dollars.

T AJune GDW2ns0ment AccourGtAPbe pot vy IAdlkeaeostase dh g
maj or DOD weapon acadtuhiasti ttihoen epsrtoigmaatnesd sttoa tad
acqui(sdagvielnopment jlousst Qufloutdikezane npr) ogr am
asJaff ywagl14® 98®Mi | (ab®BObi Il 1 ion) in constant
FY2@oll ars $13 nedmdbdiadrddbi$ 1 i on) in research
and devel op®eiht5 niolsltBsbd@ubtd 6% | i on) i n
procuremént costs.

The easdviadhat eetesnhcihmatded rfbors R eHWBMs s o as t o ex
their serabiot®d | ives to

el "SelS—el ZE"—+1 "Sel >TEZ>Z-Z—+1 "®e®

The MdMawyw2021 budget submission estimates the pr
class boat at $14, 39i3l.14i om-yldd o nd dlelnaer.s,, aibnocultu d$ilr
million (i.e., about $6.0 billion) in costs for
ing engineer.
(09)

0
n
Navy budgetoariycprrg
o]

triade tt he DD/ NRE costs for a
procurement cost f the first ship in-otnhe cl ass
construction cost of the first ship is $8,385. 7
20 spurce: Navy briefing to CRS and CB@ the Columbiec | ass program, August 1, 2017. The
budget submission, submitted in February 2018, estimatesthe total procurement cost of 12 @ddgsbzats at
$109.0 billion in theryear dollars.

21 Columbia Class MS Milestone] B, Congsional NotificationJanuary 6, 2017, p. The Navy in February 2010

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

(Source: U.S. NavyReportto Congress on Annual Loiange Plaror Construction of Naval Vessels for FY 2011

February 2010, p. 20Bollowing theColumbiaclass programs December 9, 2010, Milestone A a
meeting (sedppendix C), DOD issued an Acquisition Decision Memorandum (ADM) that, amongother things,

established a target average unit procurement cost for bolats@hl2 in the program of $4.9 billion in constant

FY2010 dollars(Christopter J. Cast el | i, “DOD: New Nuclear Subs Wil Cost
Inside the NavyFebruary 21,20LE | ai ne M. Gr 0 s s ma n-Arméd Vessel ua Use Atitaes . Nucl ear
Submar i ne TQobdl SeaulityoNgwswireFebruary 24,200 ason Sher man, “Navy Working
Billion From Ohi o R&dethaNagmat@uary 28P201dSerea ma,l’so Chri st opher J. Ca:

Put s “C®hsotul dPr essur e On Madijsiderthe MaeydMay@,2811)Pr ogr ams

22 Government Accountability Officéefense AquisitionsAnnualAssessmef} Drive to Deliver Capabilities Faster
Increases Importance of Program Knowledge and Consistent Data for OverG§t20-439, June 2020, p. 137.
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The Navy wants to prwedase bhatseoscsrFXQ@®RUmBIiha N
budget submission estimates the procurement cos
billi ony)eairn diohémr s .

™Z5Se’"—1S—el Z2™M™™5e1 0 | U1 "o
Thev¥Waas of JanuwWahg a80éi7agetamatuael operation an
each Columbia class PBoat at $119 million per ye

-EUDPOOE Gw2 Eku#1 Ul Uupl DE# wUOE

The Nat iBasald Pea er NBxhe) fFuusnddsi o uB@mRt ase from th
Navsy shipbuilding accoupwtocfwrhamadtdgnffoantdhexeont
of new. QIABNs r €Eangd ewrigwbh@h#dy theil gigom o f

i nanicnisaulllayt e ot her Navy s hbpemdidnmgetgt tphreogr ams  f

Columbiass program, and to feincdbmeagro dJuSemewot i of
Columbiass boats 'Brbmdget ospde DODf t'Damu cdhgegetNavy

I n more recent years, the stdtOutUe Sésats2blkei&a)i ng
amendedt he N&EBEBEddi ti onal function of acting as
special acquisition autrheodruiatii nggh et hinea trcgdisaty eo ft he p
Columbiass boats angowteherd Navypsnifal ear, aircraft
submarines). For additional b&8&HQ®WN infor mat

—h

(OUITUEUI EwsOUIT UxUDUI w/ OEQwm( $/ A

The Nawwgde pbhaegrtatedl|l Estpd posilBwil Fdokins 61 EP) ,
bosatjointly bt/ SNSEBwamnd gdooisnbg G L/TEhBee |VEM®Pr kva s
previously called the SubmaAd npatnisdbipécdnBuitlhe 8
is also proposing to adjustasbheattwaicki srubofarwaoe
(in which boats EBr eanjdoikitsle/ yYNNnSa)ti | HI at N&®/ woul d r
| ar ger sfhiarads eonib ttihef or tamti prloags amedt @i ved in th

Q

28 Columbia Class MS Milestone] Bongressional Notificationdanuary 6, 2017, p. 1.

24 For more on the arrangement for jointly building Virgitiass boats, se€@RS Report RL32418Javy Virginia
(SSN774) Class Attack Submarine ProcuramteBackground and Issues for Congrelsg Ronald O'Rourke

Key elements of the Navy's proposed plan include the follo
« GD/EB is to be the prime contractor for designing and building Colutibiss boats;
¢« HII/NNS is to be a subcontractor foesigning and building Columbielass boats;

¢« GD/EB is to build certain parts of each Columblass boat-partsthat are more or less analogous to the
partsthat GD/EB builds for each Virgin@dass attack submarine;

« HII/NNS is to build certain other pts of each Columbialass boat-partsthat are more or less analogous to
the partsthat HII/NNSbuilds for each Virgirtdass attack submarine;

* GD/EB isto perform the final assembly on all 12 Columdiss boats;

e asaresult ofthe three previousiptsi the Navy estimates that GD/EB would receive an estimatee/BB%o
of the shipyardwork building Columbielass boats, and HII/NNS would receive 22%%;

« GD/EB isto continue as prime contractor for the Virginiass program, but to help balance prajected
submarineconstruction workloads at GD/EB and HII/NNS, the division of work between the two yards for
building Virginia-class boats is to be adjusted so that HII/NNS would perform the final assembly on a greater
number of Virginiaclass boats thait would have under a continuation of the current Virgicless division
of work (in which final assemblies are divided more or less evenly between the two shipyards); as a
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OUWUUw( OEI OUDYI wwnbOuwa%dBRAW3IBDOWREEWYU

The Navys o-pbus i ncentciomndtrédaemr ¢ €l &)t he first tw
cl alshse. contract includes a single option for bot
bl ock bu3dfeceomttrlacugh bteh e rokliupsedariem tdo f f ering fi
and FYRO_Rdwisteh regard to the second ship, the orf
shspadvance pr oncdu mngmemtd (tAR) Nfawy technically is
to conticonshguwitlon beybobhmed svdaon dfswsrhduipridgeld wi t h
that ship is authoritaed ioppb¥2@t24ocophm®dvidieldi ioghd
ship.

Ar -

%8 | Yhad Y1 k w" OO EWAMA 6 # WuEOEwW/ UOEUUI Ol OU0w»nUOBED(

TDEGCGSGHh o8 2DF Y2Bf undi nofl ormbialkees pmaogmr atwhe Navy
FY2020 budget submission.

%81 Y1 huw/ UOEUUI Ol OUw»UOEDOT wii gUI UU

Thfeirst -Cobomhi cnhas r emieli viean $6i, .2€.7,. 8a-peat $6. 2
AP funding. pTrhoepoNsaevdy FY2021 budget requests $2, ¢
funding, and the remaining $5,274.2 million (1i.
needed to ctesmploettael tehset ibnrbaat ed pr ocur ement cost ¢
requested in FYhe2BRXawgpyddpr¥2edd2 EYRééQUue DUusigel, 123.

mi | | iadrnw anme prAggtundmegtf ¢6rc ltalses Corlougmbaina, of whi
mi Inl i(foi . e., about $1.0 billion) is for the secor
Ssubsequent boats in the program.

consequence, HII/NNS would receive a greater share of the total work in buidliigia-class boats than it
would have under a continuation of the current division of work.

See Julia Bergman, “Congressmen Visit EB A Day After |t |s
P r o g rTheday (New LondonMarch 29, 2016; SydneyB.r eedber g Jr ., “ Ohi o Repl acement
For EI ec Breaking D8fenget Mar ch 29, 2016; Robert McCabe, “Newport Ne

Virginia-Cl ass Submar i ne VrginianPibtr(Newport News)Marcto28,2016; Valerie Insinna,
“GD Electric Boat Chosen To T akRefehse BadyMarch36,2016:8B;H@hi o Repl ace
r

Lessi g, “Navy: More Submari ne WoMiltary.@mnvianchg30,20d6;Newpor t News S
Hudson, Wo r k oClass®Replacement Will Be Split Between GDEB, HiIN N S |n&ide the NavyApril 4,
2016. See also Richard R. Bur gess, “Submarine Admiral s: ‘'Un

F | e 8aapotverJuly 8,2016. Sedso Statement of the Honorable Sean J. Stackley, Assistant Secretary of the Navy
(Research, Development and Acquisition), and Vice Admiral Joseph P. Mulloy, Deputy Chief of Naval Operations for
Integration of Capabilities and Resources, and Lieutenantr@dRebert S. Walsh, Deputy Commandant, Combat
Development and Integration & Commanding General, Marine 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 Cdjias, February 25,2016, p. 12.

26 For more on block buy contracting, 8RS Report R4190%Jultiyear Procurement (MYP) and Block Buy
Contracting in Defense Acqitisn: Background and Issues for Congrebg Ronald O'Rourke

27 source: Telephone discussion with Navy Office of Legislative Affairs, June 24, 2020.
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Table 1.Columbia -Class Program Funding
(Millions of thenyear dollars, rounded to nearest tenth; totals ynaot add due to rounding)

FY21  FY22  FY23  FY24  FY25
(req.)  (proj.)  (proj-)  (proj)  (proj.)

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

PE0603570Nline 047)Project 3219 80.1 60.1 56.8 54.4 444
PE0603595Nline 052)Project 3220 317.2 195.8 103.8 117.6 118.2
Subtotal R&D funding 397.3 255.9 160.6 172.0 162.6
Procurement funding
Procurement 2,8915 2,767.7 25065 2,992.8 3,347.8
Advance procurement (AP) 1,123.2 1,229.0 1,643.7 2,211.2 2,760.2
Subtotal procurement funding 4,014.7 3,996.7 4,150.2 5,204.1 6,107.9
TOTAL R&D and procurement 4,412.0 4,2526 4,310.8 5,376.1 6,270.5
Department of Energy (DOE) funding
Naval Reactord Columbiaclass reactor systems 64.7 55.0 53.9 52.9 45.6
development

Source: Table prepared by CRS based Navyand Department of EnerglyY2®1 budgetsubmissioa

Notes: PE means Program Element, thatis, a research and development line item. A Program Element may
include several projectd2E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power SystenBE0603595N/Project 3220 is the SeaBased Strategic Deterrent (SBSD)
Advanced Submarine System Development project within the PBliar Replacement

~ A ~ ~ Ve

(UUUI Uwi OUw" 601 Ul UU

1 DUOWDHET 1 EUOT w1l OEawbOuw#1 UbT OPOT WEODEU

YIUuyYpIl b
Anotohveerr si ght i s stuhee frairgllCloanfyg riens sdessi gning and bu
Col ub idmsAs mentioned earlier, the schedule for
and having it ready for its scneerdiudmdallisoshi et
unf oreseen delays due t-mel ®icéhhh idgsddanedebligmgeyg a
building the | ead bosatabcidultdy ptuot fhaat ®r iftghkestthoea t N a
scheduled deterrent patr ol in 2031, wcleans g t i s
SSBRisks of a deldayuihddegi gmiendgead boat relate
T the potential i mpact of the Navy being funde
one or more continuing resolutions (CRs)
1T the potenti al i-in@i at cuta t o poent boEnin@OY | Bt
submarhiirpegy ar ds H{ GDNBEB$ s mdsdugptpdd endf i r ms ,
1 echnicalorc Haldnéddeantpegsuc hapseeses in appropriatio

t
restrictions on wipem dDfOUN ddsudr iunngd epre rcioondtsi nui n
resol.utions
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1PDUOw# Ul wardnuw2 BUHEUD OO
Opeonsiat the submarine shipayfafrayt eéadn@/1®OVE Dppl i

situation i f woartkheerrs trheamaeérceaphosretetthoe ywarrke ei t her
t he ,afreeunsai ni ng home amaimdmt ind fanenamad ftoaki ntgo c ar
children who have been sent home from school fo
members who have become ill as a result of the

couwlfd pet adbi ons dat, telvens hif pydraht msgigsl arecstt he s hi p:
affected, due to reduced or deolbayde ddeloimpernieenst s
and materials.

The risk of impacts at shipy-a®dsi aondinsagmeil s enot
t o the -cClod usnbpidogirsana ri sk faced by all DOD proc
t he Codluabs apr ogr am, howevers hisgmopimikdhiei dye t o
schedule fobuidlediimghiiniyge ahe&ad ilad atc,0 nsred’'stemec epso f o
strategic nuclear deterr etnada cpoorsduwcrte iitfs tfhier 4 te ag
deterrent .petorteIntiiml2 ®¥Iler sight questions for Coc
T How might -T%hesiGWdatbf ect operations at the tw
shipyards and associated supplier firms? Wha
t he | ésaddebsoiagtn and construction schedul e?
T What is t heanmMtaiveyi pleod ey trh cghgiett toermittd da |
t he | ésaddebsoiagtn and coepsutuchgont®mhedal EOVI D
situd&vhaon?ole,ulhdd Dhenfyense Production Act ( DP
federal authorities play in responding to th
19 situation?

A dea 2, 2020, press report stated:

The Columbia ballistignissile submarine program has seen some Ca¥lated
challenges-including difficulties conducting oversight audits to ensure suppliers can keep
to the tightschedule that has no roomfor furthetays—but the program executive officer

is confident thatthe prime shipbuilderis managing the situation and keeping the program
on track.

The Navy had been deploying mtfitinctional inspection teams to visit SSBN suppliers
and conduct handan inspectiaos to make sure workers were properly trained to deliver
quality products on time; due to COMI® travelrestrictions, those-person visits have

had to stop, Program Executive Officer for Columbia Rear Adm. Scott Pappano said June
1. The service is hopg to restart those inspections, first virtually and eventually in person
again.

Pappano, speaking Monday [June 1] at a virtual meeting hosted by the Advanced Nuclear
Weapons Alliance Deterrence Center, said the Columbia programis actively identifying
andmitigating risks, as there is no wiggle room left in the schedule to complete the first
in-class Columbia (SSBi826) by 2027. Flawed welds on missile tubes in 2018 threatened

that timeline, and Pappano said the Navy learned fromthat experience thatitcm * t t ake
for granted that suppliers throughout the industrial base had the right workforce and
facilities to deliver on time and to Navy quality standards.

28 For more on the DPA in the context of the COVID situation, seERS Report R4376The Defense Production
Act of 1950: History, Authorities, and Considerations for CongregdMichael H. Cecire and Heidi M. Peteanid

CRS Insight IN11231The DefensBroduction Act (DPA) and COVH29: Key Authorities and Policy Consideratigns
by Michael H. Cecire and Heidi M. Peters
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“Our most significant risk at the top of the [Ii:
shok that out a Ilittle bit with missile tubes; w
said, referring to welds that weren’t caught o
manufacturer.

“We took what we |l earned f wehadtodotodmeas si |l e t ube
more extensive riskased assessment of vendete intrusive supplier auditsto make

sure we understood what the industrial base col
quality. We have instituted that across with carriers, withngarines, across the base; have

identified where those risks are” and are seek

include working across all submarine and aircraft carrier programs to helgoad the
suppliers’ upcomi ngompanybkdstevaridorce teainingtorbliib i ng t he ¢
the right facilities to be successful.

Those intrusive supplier audits began in 2018. Due to the CAQ¥1pandemic, though,

“because of the environment we’'re i@ and our |in
resources like [Defense Contract Management Agency] thatare on site to help us with that,

we've used that. Some of that has been some de
review virtually the supply basemathad wor k with
back up again, starting virtually .. and remote
again as we move forward here."”

S

The audit teams include about 10 to 12 people and represent communities including

engineering, quality assurance, program agament, purchasing and more, and they

include groups like DCMA, the Supervisor of Shipbuilding and prime contractor General

Dynamics Electric Boat, who may already have representatives on site with the vendor.

The teams watch employee training and peréoree, inspect material samples and other

handson work that wasn’'t previously done, in the h
the missile tube welds.

Incidentally, Pappano said the missile tube vendors were actually amongthe hardest hi by
COVID-19 so far. Just three companies build the tubes, ang-Babcock Marine in the
United Kingdom—saw a 3percent drogoff in productivity for a time due to the virus.

“Early on in the COVID thing, they were hard h
assurance]atbeing able to come to work, and so we did see a hiccup in the missile tube

production there,” Pappano said.

“Our initial assessment is, without any further
impact of about a couple of months in there for theesila tubes, in the worst case. So right

now, that’'s unmitigated; that’'s without doing a
when asked to quantify the delay of the pandemic.

“So t hamo nctohu pilmegp a ct right now, we'eve <circled b
shipbuilder, Electric Boat, and with the missileée

now, prioritizing what tubes are goingwhere, and then coming up withemidand long
term recovery to go deal with that:is it additional resources? Is itiaxdl support
vendors? A couple different options.

Thatcouplemont hs del ay may wultimately just be a few
measures are carried out.

The admiral noted that Babcockis back up toabout90 percent of the workforce comingin
each day, which will help provide more options for trying to get the missile tubes back on
schedule.

Atthe prime shipbuilderlevel, Pappano praised Electric Boat for keeping the programon
track despite all the challengeboth related to the pandemic and$e just stemming
from starting a new construction programand building a lead ship.
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Because Columbia is considered a top priority for the Navy and the Defense Department,

“it has been afforded the prioritegand o get t he w
with the supply vendors, the supporting vendors that feed the material to the shipbuilders.

They’'ve done a great job of mitigating any i mpa:«
are going to be probably other impacts to other programs, for irstta@d/rginiaclass

shipbuilding program. You may not be able to do it all with the workforce you have unti

we come out of the COVI2 9 . That's really where we're goi
i ori

impacts. We will drive the resourcesto Columbiatogetitéo as t he t op prio

Pappano later told USNI News there were no specific examples yet of resources being
pulled from Virginia to keep Columbia on track during the pandemic, but that if the
industrial base continues to see workers staying home bebaysee sick or to take care

of children, that would be a potential outcothe.

A June 1, 2020, press report stated:
The Navy' s—ts$newnugeapowered Golymbizlass submarinrehas been

struckby theCOMEL 9 virus . Wor kerasuppebhavedetayeed at a crit |
construction and welding of the boat’'s missile
of ficial said today, and the service is scrambli

Head of the Columbia program, Rear Adm. Scott Pappano, said durirepecoidference

sponsored by the Advanced Nuclear Weapons Al lian
hiccup” earlier this year whiasdBabceclsMaingd han 30 perc
showed up forwork during the height ofthe COVID outbreak, leattirsetbacks in the
work schedule.
“There was an interruption in our ability to do
several months a “worst case” scenario that wou
up work going forward.
“We’' re drhel ypdiamg right now,” he added. “Prioritdi
then coming up with midermandiong er m recovery plans to go deal w
said the Navy and industry may hire more workers and bring in more vendors to buy that
time back..
Despite the setback, Babcock’ s workforce has r e«
they' re above 90% capacity” on the production |
they’'re esseorcbhisewmbthytbablerept heyuswtaucRe before” t hi
An Apr il 29, 2020, press report stated:
General Dynamics Electric Boat remains ready to start construction of the first Celumbia
class ballistic missile submarine in October, company officials announced Wednesday
[April 29].
To date,Electriddoat ' s preparations to start- building th
class boomers, along with work at the yard building the Virgifass fast attack
submarines, has not experienced significant delays due to C®IBhebe Novakovic,
the chief executie of General Dynamics, told analysts during a Wednesday conference
di scussing t hWuartecfioampabresylts.s f i r st
*Megan Ec&QMleD nPbandemi ¢ a Barrier to Navy's Oversight of Col

Working on Virtual Oversigh USNI News June 2, 2020.

Vpaul McRPRaamadgmi ¢ Hits Navy'’' s Ne BredkingdDefenSauhala2020nSee aBor o gr a m
Dan L eGDWIB-19 Ctamped Columbia Tube Work, Navy Program Officer Sa9sefense DailyJune 1, 2020.
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“The performance was good and particu
“We’' ve al so i ncr ea sreotthefistrColantia s weappdoach then s
ruct

| a
t
planned const ion date in October of

- = =

Now, as companies take measures to protecttheir workforces from catching and spreading
COVID-19, Novakovic said the company is working to limit supply chamugitions and

work slowdowns. General Dynamics has pushed roughly $300 million to prop up its
suppliers while they deal with business disruptions caused by GO/D

“Since the o0 nl9ersis, wefhavie upportedout gbvernment customers

andinpl emented multiple safety measures to keep |
Novakovic said in a statement released before
responding to the COVID travel restrictions’
coststhroughut our ®business.”

i mj
For additional discussion-1®f stilte agdtoentoina lt hiempeax
U.S. military s hi(RSuiR edp onrgtl PRRASREBRSE,W UsXd=8V XUH D QG
6KSEXLOGLQJ 30DQV %DFNJURXQ®B6 yD QR®» nVaVIXHVA'RR o&R QKI& HV V

1 PUOwW#INTEIUDME EOQwW" T EOCOI 611 U

YZ>Y'Z

nNndependent-10f st hte al€CDagdntD tawo t ec hnilteadn chall eng

I

repoirnt eedh e -cClod usnbp efonjer ssmpor i ed oil vi 2@1 2R el ectrioc
and ahbt err epionrvtoeldv iinng 2f0aluBlstty mwelsd $ ei n utblee sfeic t
built for®3Nadwy |efafdi dioaltai thtaerec s & laltt derelg e sh ajteonpar di
| esbdo’'at schedule for being ready for +ts first pe
recognizing that it had not bu+had B8BMtomithsil e
omargin into the schedule for(Thmasufgacitmurpamgt twl
manufacturing of missile tube sections began we
submamTheep) obl em rveiptohrath ehdelu yovestdrod 81t5hs of t hat mar g

3iBen WePmaeademifc | sn’t Sl-Glass Sugmaine ®onstrGoniditlsh iNews April 29, 2020.

32 see, for exampledohn Grady Né&vy to Congress: Columbielass Submarine Program Still on Schedule with Little
Margin for Error, USNINewsMarc h 2 1, 2018; Jul i ebmdieePrgtotgpaHasFitstGadh,u'mbi a S
The Day (New LondonMay 5, 2017Anthony Capaccip Ndvy Sub ©verheating Motor First Glitch in $126 Billion

System Bloomberg May 4, 2017. See also Government Accountabfiliffice, Columbia Class Submarine[:] Overly
Optimistic Cost Estimate Will Likely Lead to Budget IncreaGa$-19-497, April 2019, p. 19.

B¥see, for exampl Ehe DES iMtpAByuisitiardniotityeIumblesOut of theGate Defense
News August 6, 2018; Colin Clark and Sydney J. Freedberg Jr .,
Fl ags ABreakind pefense August 7, 2018; Ben Werner-glass {davy Evaluatin

Del ays Caused by Mi &SNl Nezws TAIbeusWe I &, 1386LU8s,Jason Sher man, *“ S
Wel ding on Subs Wor ki ng t lmsiddthaNavysugust 1@ 2038; Bep Werreef, Def ect s, ”
“*“Substant-chbhssCdi smbil® Tube Wel d Fi x UBN Nelws Nowember7$ 27 Mi | | i on

2019; Megan Ec kckgs Progniam UppgOversightiofdvendors, Componentsto Stave Off Further
De | alySi| NewsNovember 8, 201%aul McLeary N&vy Rushes To Check Contractors After Submarine

‘ De b,d Breaking Defere November 8, 2018; Dan Leone, “Welding Mistake
Bi gger Probl em T hbhefensBDakyT Noheunpretr, 9, 2018; Marjorie Censer,
Takes $27 Million Char ¢neidefthe MavyMdiverder 12¢20I8;llsten KR zand Makory”

Shel bour ne, “Navy Conduct iCl g she wSulbmap mhste iheXagNdeeEmsE o'l umbi a
12,2018.

See also Government Accountability Offi€@glumbia Class Submarine[:] Overly Optimistic Cost ifasite Will Likely
Lead to Budget IncreaseSAO-19-497, April 2019, pp. 120.
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even after abSoar bmormgg hhracf dmédagin remained, and
to regain some of the |l ost margin.

Technical chal vamgem $cso wifd tahteh ssehimpay Cneeararcel os e
watching'si ®l#dlce veltipp opul sion segestemhawhibé is (¢
mec hadi cvaé systemvwys exgr oilve acetdh estu bNnar i nes .

Unt il such time hat the Navy can find ways to
schedule, the p am appears too breigmt a andufae:

things can go w

gr
ng, bet ween now and 2031 for t
2031 n assessing hi

S situation, i tc lcaasns be not ed

progg asnt at us'sad o raNmm vigetayn sp rtohgart t he program c e
claimant for fun g and personnel (including e
used to reduce the risk of occurrence’sof techni
203 1-pfaitmrotl Ohattdne ot her hand, it can -bleasivted th
program, |ike the |l ead ships in most 'Navy shipb
prototype, creating an inherent risk of technic

SY¢Z>ae™ZE-'YZ

To phemitigate the risk of technical Utha&l0l3elnges ¢
fi-patrol date, the Navy has been working to gen
igning and building thlkittyatloboabsosbiag del
reby make the scheduwdAd lae sMsarberhi t2t71,e 2a0Onld9 ,mohr eec

s
e
e Seapower subcommittee of the Senate Ar med S
ograms, Navy oftfhe i @ddduatbssatpirfoigerdanmi,hat f or

the Navy is implementing Continuous Production on selected shipyandfactured itens

to reduce cost and schedule risk and help strengthen the industrial base with a focus on
critical vendors. Advance Construction activities aet to start in June 2019 at General
Dynamics Electric Boat and Huntington Ingalls Industh&svport News to proactively
manage schedule margin and reduce controlling path risks for COLUNMBIA.

e
h
h
r

T T~ Qo

34 The Navy in the past has built two electddve nuclearpowered submarinesthe oneof-a-kind attack submarine
Tullibee (SSN597), which was commissioned in 1960 and decorsioni®ed in 1988, and the otd-a-kind attack
submarine Glenard P. Lipscomb (S885) which was commissionedin 1974 and decommissioned in 1990. Those two
submarines, however, were designed many years ago, and used -elecertechnology that was diffeméfrom that in
the Columbiaclass design. The Navy in recent years has built some surface ships with -@de&jgropulsion
systems, including 14 Lewis and Clark (T AKB dry cargo ships and three Zumwalt (D2G00) destroyers, but the
electricdrive technology in those shipthough more modern than that of SSNs 597 and i88fifferent and in some
respects less advanced than that plannedfor the Cohgtalgis design. The Navy has never before built a series
productionnuclearpoweredsubmarine classith electricdrive propulsion, and has never built a ship of any kind
(surface or submarine) using the combination of advanced elgkivietechnologies planned for the Columbiass
design.

SFor additional di scussi oColumbia@ass Profgram Must NavigepelSea,of Risksn Har per , “
NationalDefense Nov ember 5, 2018; Dan Leone, “Of ficers Send Conf i
Defense Daily February 28, 2019.

¥see, for example, Megan Ec¥sBaeckn, Sc'hPeEQ | Su bisn W®dh iko nRye pTloa cBeum
USNI News November 1, 2016.

37 statement of The Honorable James F. Geurts, Assistant Secretary of the Navy for Research, Development and
Acquisition ASN(RD&A) and Vice Admiral William R. Merz, Deputy Chief oBMal Operations for Warfare Systems
(OPNAV N9) and Lieutenant General David H. Berger, Deputy Commandant, Combat Development and Integration &
Commanding General, Marine Corps Combat Development Command, before the Subcommittee on Seapower of the
Senate Amed Services Committee on the Department of the Navy Fiscal Year 2020 Budget Request for Shipbuilding
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y has been workingoftomtedawstcthasmiet iCoa u e
-dctvéecsystem t-devabbpamendonftn aidegy ttelsdti ng
|da—basredw<|:t)h1pba%§dt prototypes.

dessge

The av
[
and val

A May 8, 2019, tpeefbel rewiomdg states

The Navy willhave the ngt complete design ever and willbe well into construction when
the “official start?” o fclasspalisictmissilcedubmarine on t he | ea
occurs on Oct. 1, 2020, the service’s program me

Capt. Jon Rucker said this week that®adumbia class of SSBNs is on a tight schedule

not justto deliverthe lead ship in time for an October 2030 first patrol, but to deliver each
subsequent ship on time for their own patrols too, as the€Mss boomers retire in rapid
succession. But hjgrogramis managing the risks associated with the tighttimeline as best
as it can, including bumping up quite a bit of work before the construction phase officialy
begins.

While October 2020 is the official start of construction, Newport News Shiphagilalil

kick off its advance construction efforts on June 7, he said, and prime contractor General
Dynamics’' Electric Boat is already doing protot
Whereas lead ship USS Virginia (SSM4) was only 1 percent complete whitn

construction officially began, USS Columbia (SSBR6) will be 11 percent complete,

Rucker said while speaking at the Navy League’ s

“We are trying t o g-rskthisgplogrammdso wefcantadhievithc ur ve t o de
schedule,” he said,-claasobobdmerg wotlhketthetlargest Col umbi a
submarines ever built in the United States.

The approximately 420 ship specifications and requirements are completed, he said, and
the 4,100 design arrangements are ababt@drcent complete. The Navy is already 44
percent through finalizing the 4.650 design disclosures and is on track to be 83 percent
done with the disclosures at the start of construction. In comparison, USS Ohio (SSGN
726) was just 2 percent through d@sires when its construction began; USS Seawoff
(SSN575) was 4 percent complete, USS Gerald R. Ford (€@8Nwas 27 percent
complete and Virginia was 43 percent complete.

Rucker called this drive to be largely done with the design disclesurbih outlire not

just the design but the measurements, details about the material, how to build the
component and motean effort to save time and money and to reduce risk, since it will
avoid changes later on thatwill cost time and money.

Rucker also announced thiatsupport ofthe propeller and propulsor, which take four to

five years to build, “the first component of t h
S0 175,000 poundsilwon’'t tell you whail75000pounss,fist " m not all c
componentforCou mbi a, on schedule.”

The captain made clearthere is stillriskin this program, which Navy leadership regulary

acknowl edges is the service's top priority and
but still remains risky due to the tightc hedul e it’'s on. Chief of Naval
John Richardson told | awmakers recently that *“w
We are on cost, but just on cost ."”

Programs, March 27,2019, p. 7.

38 |t might also be argued that while developing the eledlrice system involves overcoming certain technical
challengesdeveloping a mechanicdtive system for the Columbielass program would have involved Rot
insignificant technical challenges of its own, and in the end might have produced a system that could not meet the
Columbiac | ass’ s per f or ma haremoreeamandingimtertain respects bhancthose of the Ohio
class.
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Rucker said in his—opeeeethdyarerisiasthatWetuistiend e ar e ri s ks
and we're proactively managing.”

Perhaps somewhat counterintuitively, the Navy is reducing some schedule risk by adding
concurrency to the prograrcrunching the amount of time between the design process
and the construction process in certain aoéfse submarine where the design is simpler
and needs less time for review before construction begins.

Rucker told USNI News during his presentation that the Navy likes to have 52 weeks

bet ween design and constructialeacoldadbowgever, “ther
decision to reduce that down to about 30 to 40 weeks. So we reducedit, but in those areas

we are micromanaging it every day as we go through, and so we feelthat riskis perfectly
manageable. Most of t-hievoddbalikethe stracturalstufit he comp |l e x
it’'s the basic building a deck, building a foun:

Pulling some of this construction ahead despite what on paper looks like more concurrency
risk is what will allow the programto reach-p&rcent completion before construction
officially starts.

“That concurrency is not what you would think t
building it in parallel,” Rucker made clear.
Richardsonsaid in his recenttestimony to lawmakers thathe and Navia8eRiehard

V. Spencer “have made it very clear that, |l ooki
that willinevitably arise during testing and everything in such a complexprogram, we need

to work diligently to b#®#ild more margin into the

AnOcber 8, 2019 press report states

The U. S. Na vy ' s-gemaratiogn badligtienis siersubimdrirsee (SSERNY the
Columbia class, is on track to start construction on time, but the program has a tight
schedule with little margin for delay, theggrammanager said.

“Our biggest risk today is the supplier base,”
the Columbia SSBN, speaking Oct. 8 at the eighth annual TRIAD Conference in the

Washington, D.C., area.

Rucker pointed outthatwhen construction of the current Ohio class began, a supplier base
of 17,000 companies contributed to the materiel and systems for the boat. Today, the
Columbia programis pressing forward with only 3,000 suppliers.

The supply ofkilled shipyard workers alsois a concern to Rucker. He noted that General
Dynamics Electric Boat, the prime contractor for the Columbia, is increasing its workforce
to 20,000 from 17,000 workers. But the hiring is drawing skilled workers from naval
shipyads that routinely maintain subs and carriers.

Rucker said that robots have beenusedin building the Common Missile Compartment for

the Columbia class and t ltless3SBNKRob®Rougedit Navy’' s Dr ¢
welding the missile tubes to the battofthe hull sectiontook 44 minutes and 8 seconds,

compared with 4 days fora human worker.

Electric Boat has invested $1.8 bilion in facilties to build the Columbia class and
Huntington Ingalls Industries’ Ng $#8000rt News Shi
million to $900 million tosupper t he construction, Rucker said..

¥Me gan E cNagytUSS$ Golumbta Will Have Most Complete Design Ever at Official Construction, Start
USNI News May 8, 2019.

Congressional Research Senice 19



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

Rucker notedthat the Columbia program has a high design maturity, with a design that wil
be 83% at construction start. By contrast, the Ohio design was only 2% complete at
constriction start

“We make ssirabive kegpi‘tements,” he said.
1 Z>e™ZE+'YZ

A January 2021 GAO-crleapsosr tproong rtahne sCod tuenb:i a

The Navy’' s schedule for constructing the first
threatened by continog challenges with the computded software tool that Electric

Boat, the lead shipbuilder, is using to design the submarine. These challenges will likely

impede construction because the shipbuilderis late in completing design products used for

buildingthe submarine. To ensure construction begins on schedule, the Navy modified its

design contract with Electric Boat to include an option for constructing the first two

submarines and requested sufficient authority from Congress for fiscal year 2021 to

execi se it. Navy officials stated, however, that
current costestimate, and it is not informed by an independent costassessment. As a resul,

the programwill likely need more funding toreflect the increasedat&tim

Quality problems with supplier materials caused delays during early construction. These
guality problems included missile tubeswith defective welds. As the shipbuilders

expand outsourcing to suppliers, quality assurance oversight at suppliee fawilit be
critical for avoiding further delays.

However, the Navy has not comprehensively reassessed when to seek additional
inspections at supplier facilities that could better position it to identify quality problerms
early enoughto limit delays.

AlJonme 20AX0eport assessing selected major DOD wea|j
additsomaalldy t he followi-oalgasegmaradgmnagmt he Col umbi

Technology Maturity and Design Stability

The Columbia class programcontinues to monitor one critical téamdyrethe stern area
system, which it anticipates will reach maturity in f8i22. The Navy reports that another
technology it previously identified as criticah carbon dioxide removal systedas
matured to the pointitis no longer considered criticdldnember 2017, we reported that

the nuclear reactor, integrated power system, pr
of criticaltechnologies, but the Navy did not identify themas such.

Navy officials reported that the nuclear reactor is maturefdaten 2018 based on its

evaluation of test data, but several other technologies we previously identified as critical

remain immature. Manufacturing challenges delayed the delivery ofthe integrated power

system' s f direpresentatve nmobrbgyRarsofrom 2017 to 2019.The Navy

still plans to concurrently test the motor, upd:
motor, then deliver the integrated power system to the shipyard in October 2022 as

scheduled despite the compressed timefrag®ted by this delay. Finally, the Navy does

not expect the propulsor and shafting to reach maturity until after the lead submarine is

delivered in fiscal year 2026, because the Navy does not plan to test all components

together in their final form, fit, @d function prior to delivery. If deficiencies in these

“ORi char d RColuBbia Pgogsamm Mandgemissile Sub Still on Schedule, But Suppliers Present Biggest
Risk for Delay SeapowerOctober 8, 2019.

41 Government Accountability Office, Columb@lass Submarine[] Delivery Hinges on Timely and Quality Materials
from an Atrophied Supplier BaseAO-21-257 of January 2021, summary page.
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immature technologies emerge during testing, they could cause costly afirddmee
designchangesandweo r k, jeopardizing the |l ead submarine’ s

As of September 2019, trehipbuilder had completed 100 percent of the basic and
functional design of the submarireonsistent with best practices, but risks to design
stability remain. Design stability is based on assumptions about the final form, fit, and
function of critical tebnologies and how those technologies will perform in a realistic
environment, which the program has not fully demonstrated. Further, a key tenet of the
program s cost and schedule goals assumes that
of detail desigiby October 2020. Over the past year, the shipbuilder missed its monthly
detail design goals due to inefficient design software. Program officials report the
shipbuilder increased its design staff in an effort to recover its schedule. However, delayed
detd designs are impacting material orders, slowing construction progress, and
jeopardizing the design completion goal.

Production Readiness

The Navy plans to begin construction in October 2020, but already began some work

starting in December 2018. Throutgadvance construction efforts the Navy believes that

the shipbuilder can achi evenonthicenstruoiomd s ubmari ne
schedule. For example, the Navy has been constructing missile tubes for the common

missile compartment since 2014 tmpe production capabilities. However, in 2018 and

2019 the shipbuilder found that some tubes the Navy planned to install on the lead

submarine had weld defects. As a result, the shipbuilder will produce a replacement mis sie

tube section for the lead suarme. Navy officials report they are still assessing the cost

and schedule impacts of this change due to repair delays and issues with a second tube

vendor.

Software and Cybersecurity

The program involves a software development effort, but it does ik $i@ftware
development as part of its cost and schedule reporting structure. According to program
officials, they do not track costs in part because some of their software was developed by
another Navy program, and other software is reused from othes slitip minor
modifications.

The program has an approved cybersecurity strategy and has completed several
cybersecurity assessments, including adversarial assessments during developmental and
operational testing. The program is scheduled to complete anatioal for potential
cybersecurity vulnerabilities in December 2020.

Other ProgramIssues

Supplier quality and capacity continue to pose
schedule. After discovering defective missile tube welds, the Navy and stigbuil

reviewed supplier quality assurance practices and found weld quality problems throughout

the industrial base dueto increased demand fromshipbuilding programs and a reduction in
independentsupplier oversight. The Navy is increasing oversight efisigsuppliers and

investing in improving quality. At the same time, the Navy has accelerated its plans to

finalize negotiations and award the shipbuilder a contract option for the first two

submarines from October to May 2020. The Navy plans to exetasegtion in eary

fiscalyear 2021.

Program Office Comments

We provided a draft of this assessmentto the program office for review and comment. The
program office provided technical comments, which we incorporated where appropriate.
The program office sted that an updated cost estimate is being finalized to inform lead
submarine funding. According to the program, the Navy recognizes that its supplier base
remains high risk and is committed to increased oversight on manufacturing issues and
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readiness asssments. The program said it complies with all Navy, DOD, and statutory
requirements for managing critical technologies, and that proving the technologies in a
relevant environment would add costs and delay building the lead subfarine.

11 xOUUI Eugli HI@EOOWUOUEUPOOwW/ 1 UPOEWUOwW( OEUIT EUIT |
A November 6, 2020, press repagrneeadatoamdahn h&4 t h
ild seqguendebtbwawar #ihreg t o shorten that schedul

momtfhrsovwi de six months of additional margin i
lays (and alsostoohsltptcéedooecbobbBeé)ship

O NT
D 00 C

\\\\\

Anotihsessue f or Congress is whether the Navy has ¢
do i@olthmwediass proglramhiea F¥2@2standard oversigh
acquisition mpmrivgctahoest, obauytschbdmear e [haet iqounessttoi an

whet her 'st pe iNawvyg of the wo2&kl iwills lpe opfoséagedtoc
abodiescusseldsi CO¥tDon, and if so, in what ways.

1DUOWOI w" UV w&UOPUI

YIUYDI b

Anot her oversighthbe&sofgriboos hCongt bespregram. As
CB8@and GA®ad ships in Navy shipbuilding program
more expensive to build than the Navy had estim

and GAO have eoerclsdadstygatfitbdant r-cbasef cost
progr am.

Navy officials,have ditsadegdsed nsarsiltieanrtgllyasssi nce 20
progr am iss ttohpe pNaivoyr ity program, anlat hfatomhi s r
the 'Blapgr spectiwd astshgtrL@@lrbtaombdad, even if that

expense of funding Gioorenotthhers ,Ndwye pmpgrcam®f cos
Columbiass program in a situlae i mot ofofmacheodODh
execution odl ahe Lobgmbhmaitself as on the conse
progr ams, per haps particularly other Navy shiphb
i mpact of -dlhaees LCopmuomproardadn I[theg a&f ot her DOD pro
a sSsubsequent section of this report.

42 Government Accountability Officéefense AquisitionsAnnualAssessmef} Drive to Deliver Capabilities Faster
Increases Importance of Program Knowledge and Consistent Data for OveiGig§t20-439, June 2020, p. 83

“Ri ¢ h ANmeytAndGD Target Shorter Build Sequence For Columbia, Aim To Fix Virginia Delays By Block
V, Defense DailyNovember 6, 2020.

44 See Congressional Budget Offic,Q $QDO\VLV Rl WKH 1DY\fV )LVFD QOstHoer2018p. 6 KLSEXLOGLQ
25, including Figure 10.

45 See Government Accountability Offiddavy Shipbuilding[;] Past Performance Provides Valuable Lessons for
Future Investmen}{$&A0-18-238SP, June 2018, p. 8.
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A January 30, 2020, Navy information paper prov
Mi estone B f-otasbhep€Colgumin,at he Navy had assigne

its estimated procurement cost for the | ead shi
46% to its estimated aver agl2 pirnocpurroegmeannt. cVWhsatt ft
means is that the Navy at the time of Milestone

chance that the procubasemebbtateswesubll Colombua t
the Navy estimat2z26, Nawy Jiamfuarrmat3diogn 2aper st at

The Milestone B Service Cost Position establisirddlanuary 2017 is the most recent
analysis forthe COLUMBIA programthat updated risk estimates for Lead Ship End Cost
less Plans and the Average FollolBEnd Cost. The confidence levels associated with
the Milestone B Service Cost Position for Lead Ship End Cost less Plans and Average
Follow Ship End Cost estimates are approximately 43% and 46% respettively.

The January 30, 20209roWadgd i nherecanfiodhhepapeereve
estimated unit pro/lDEOEMent costs shown in

Table 2. Navy Confidence L evels for Estimated Columbia -Class Unit
Procurement Costs
(dollars figures in billions of constant 2019 dollars)

Average end

Confidence End cost of lead cost of ships

level decile ship (less plans) 2-12
30% $8.1 $6.3
40% $8.4 $6.6
50% $8.7 $6.9
60% $9.0 $7.1
70% $9.3 $7.4
80% $9.6 $7.8

Source: 1DY\ LQIRUPDWLRQ SDSHU "8SGDWH RQ &RQILGHQFH /HYHOV IRU &2/80%9
January 30, 2020, received by CRS and CBO from Navy Legislative Affairs Office, February 10, 2020.

Notes: EndFRVW RI OHDG VKLS LQFOXGHV FRVW IRU WKH VKLS:-V PLVVLOH WXEH I
1DY\:V UHVHDUFK DQG GHYHORSPHQW DFFRXQW

SYC1 "—e'eZ—_E®Z1 ZYZ+1S®e17«1 S¢1XVW _1 Scel[V-

Navy officials stated in May & 0sli9n cteh aMi |deusrtionnge teE
certain risk elements affecting the calculation

result, /s tchenfNiadkggnce | evel for its costs estimat
Navy as of aMody h@2tQdh& r0% chance that the procure
Columbiass boats will tatntbet Nbkeybesgimates,t ha

Navy i nf or mdpdatemmCopfidepoe keyelsfor COLUMBIead Ship and Follow Shjp” January 30,
2020, received by CRS and CBO from Navy Legislative Affairs Office, February 10, 2020.
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The Navy repoi tCod luyobviaasbss t upslitait mat el nc o20f2ildenc e
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An Octoberr epIrd OBO t h's cshspboaf l dhegNpvpgr ams
following (emphasis added):

The cost of the 12 Columbia class submarines included in the 2020 shipbuilding plan s
one of the most significant wuncdfuttrmi nti es in
shipbuilding costs...

turn out to be |l ess than what the
idence level of 50%sitsi Mahter @ ot they wan

According to the Navy’'s estimate, the cost per

be 14 percent less than that of the first Virginia class attack submamienprovement

that would affect costs for the entire newsslaf ballistic missile submarines. The Navy

anticipates lower costs perthousand tons for the Columbia because it plans to recycle, to

the extent possible, the design, technology, and components used for the Virginia class.
Furthermore, because ballistiis sile submarines like the Columbia class tendto be larger

and less densely built than attack submarines like the Virginia class, the Navy maintains

that they will be easier to build and thus less expensive per thousand tons. The Navy has

stated, howevethat there is a 50 percent chance that the cost of the first Columbia and
subsequent ships of the class will exceed its
9 percent greater than the Navy'’ s.

The costs oflead ships of new classes of submarinik s the 1970s and 1980s provide
little evidence that ballistic missile submarines are cheaper per ton to build than attack

submarines ... The first Ohi o class submarine was

ships of the two classes of attack submesi built during the same periedhe Los
Angeles andthe Improved Los Angeles. (The design of the Improved Los Angeles included
the addition of 12 verticdhunch system cells.) In addition, the average-tmsteight

ratio ofthe first 12 or 13 ships dfe class was virtually identical for the Ohio, Los Angeles,
and Improved Los Angeles classes.

Moreover, although the cost by weight of lead ships for submarines had grown
substantially by the 1990s, there was still little evidence that submarine sizechtifiec

cost perthousand tons. Thefirst Virginia class submarine, which was ordered in 1998, cost
about the same perthousandtons as the first Seawolf submarine eventhough the Seawoff
is 20 percent largerand was built nine years earlier.

CBO estimatesthat purchasing the first Columbia class submarine would cost $14.0
billion, $700 million more than the Nawy estimatesEstimating the cost ofthe lead ship
ofa class with a new designis particularly difficult because of uncertainty about how much
the Navy will spend on nonrecurring engineering and detailed desighuding
appropriations from 2017 to 2019, CBO estimates that, all told, 12 Columbia class
submarines would cost $95 hillion (of which $90 billion would occur between 2020

and 2036), or an agrage of $7.9 hillion eact $700 million more per submarine than

the Naw estimates. That average is based on the $14.0 hillion estimated cost of the
lead submarine and an average costof $7.4 hillion estimatedfor th&'2hrough 121

47 source: Navy briefing on Columbia class program for CRS and CBO, May 13, 2019.

“J ust i nNawkavil Puplish'New Cost Confidence_evels for Columbia ifNext Budget Request Tnside
DefenseOctober 5, 2020.
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submarines. Researctand development would cost between $14 bhillion and $18
billion, CBO estimates.

Overall, the Navy expects a 14 percent improvementin thetoagight 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. CBO
estimates thatthe Navy would realize a 6 percentimprovement, stemming in part fromthe
projected savings attributable to the concurrent production of the Columbia anéVirgin
class submarines.

The costs for the Columbia class submarines could be lower than the Navy and CBO

project, depending on the acquisition strategy. The Navy is purchasing the submarines

through the National SeBased Deterrence Fund, whichwas estalilidlyghe Carl Levin

and Howard P. “Buck”™ McKeon National Defense Aut
(P.L. 113291). The Congress appropriates money for the programiet Navy ' s mai n
shipbuilding account, and then DoD transfers moneyinto the fund. The Navy could realize

savings fromspecial procurement authorities associated with that fund, such as the abilty

to purchase components and materials for several submariggsossibly for other ships,

atthe same time.

Further savings could be considerable if, for example, lawmakers authorized the Navy to
use a bloclbuy strategy—an approach it has used with other types of ships. A Hilogk
strategy allows the Navy tpurchase a group of submarines over a specified perod
(effectively lowering the price of the ships by promising a steady stream of work for the
shipyards) and to buy components and materials for the submarines in optimal amounts
that minimize costs (knowas economic order quantiti€dOne disadvantage of the
strategy is that if lawmakers later decided not to build all the submarines, materials that
were purchased for the unbuilt ships might go unused. A Hlogkstrategy might also

leave the Congresstivless flexibility to change procurement plans orto purchase fewer
submarines if lawmakers did not approve of how the programwas progressing.

Costs for the Columbia class submarines coul d,
CBO’' s est i ma BNvwuldbE the larges subn&$he that the United States

has everbuilt. It is expected to reuse some technology and components fromthe Virginia

class submarine, butit would also include many new elements, such aslactad drive

system, an »terrship control system (where the rear rudders and dive planes are shaped

like an X, ratherthan a + as on the Ohio class), a new missile compartment, and a nuclear

reactor that is designed to last the entireydar service life of the submarine. One

produdion challenge that has already occurred on the new SSBN is that its missile tubes

required many welds to be redone, further tightening the Columbia class schedule. Such

challenges are not uncommon onlead ships, and they may indicate future diffieisties.

ships of a new class oftef! experience substanti e

& . w/ 1T UUxI EUDYI
An Apr il 2019 GAO ckpesstpopogther €olatmhbli @ he f ol |

The Navy's $115 billion procurement cost esti mat
on overly optimistic assumptions aboutthe labor hours needed to construct the submarines.

While the Navy analyzed cost risks, it did not include margin in its estimate for likely cost

overruns. The Navytold us it will continue to update its lead submadst estimate, but

an independent assessment of the estimate may not be complete in time to inform the

Navy’'s 2021 budget request to Congress to purch
reviews, the cost estimateand, consequently, the budgenay be unrealistic. A reliable

49 Congressional Budget Officecs Q $QDO\VLV RI WKH 1DR¥SHipbujltiNgBa@Ostaeri2019, p.9-
22.
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cost estimate is especially important for a program of this size and complexity to help
ensure that its budget is sufficientto execute the programas planned.

The Navy is using the congressionaythorized National SeBased Deteence Fund to
construct the Columbia class. The Fund allows the Navy to purchase material and start
construction early on multiple submarines prior to receiving congressional authorization
and funding for submarine construction. The Navy anticipates dugieavings through

use ofthe Fund, such as buying certain components early andin bulk, but did not include
the savings in its cost estimate. The Navy may have overestimated its savings as higher
than those historically achieved by other such progranihiodt an updated cost estimate

and costrisk analysis, including a realistic estimate of savings, the fiscal year 2021 budget
requestmay not reflect funding needed to constructthe subrrfarine.

"OUWUUw( OET OUDYI w%l I wep"/ ( %Aw" OOUVUUEEU

Anot her aispewed woff tthhe ri sk of cost BrowtkRrnitntoh
use lassti ncentive fee (ChIrkF) edortomdactacrtattioepr t
first two ships in the class. Sklepitnarseaaltdhar
of cost growth on the first two ships because i
financi al risk of cost growth, providing them w
could argue that whpulse ttyhpee Naovnyt rhaacst su sfeod c esatd s
shipbuilding programs, the Navy-sihn pt lciosntaaascd ,i s
extending the risk of cost growth to the second
insulating thlue | dieslss famd uncertainties of buildi
shipbuilding consideration, the'srisstkrsatiengy hdafs ¢
bringing ihesGoldwemshigan t o a high sbhateucti obomphe
the Il ead ship.

Supporters -plfusustiynme ac @¢rmotsrtact could argue that
for procuring a lead ship in a Navy shipbuildin:
ef fect ser veéss pasbytphee amrdogrhaums presents the build
uncertainties regarding construction costs, eve
of completion prior to starting conseructibhns T
case, given that this is the first |lead ship in
47 vy%Tahhesy. could argue that builders will stilldl F
the incentive fee itrhetyhaandemstaotd,thbhatt bestugeo
class program could reduce funding available fo
Virgelnasas attack submarines that these firms als
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Anot her isswentot h &b n gfboecsussieedr sosnle a-ece oanl c teffrepasr s
potential i mp aclta socsf ptrhoeg rtClorh uonabvi dail In ablieliep r f dNra v y
progr ams, i ncludi ngnso tphaerrt ischuilpabyutigledd inogd npgrY®R ghr2s
FY2035, when the Navy pclaansss thoo@itrhogecreurrt dy iecarges Gecell wd
equalist growth -chatBbe @E@emigurbm acar |l eeri dksofissosehnh

50 Government Accountability Offic&Solumbia ClasSubmarine[;] Overly Optimistic Cost Estimate Will Likely Lead
to Budget Increase SAO-19-497, April 2019, summary page.

51 The lead ship in the Ohiolass SSBN program was procured in FY1974% years before the scheduled FY2021
procurement date for thedd ship in the Columbialass program.
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growt h irmawrt)dhuel dorroegi n a b otahee cpoontceenrtnisal i-empass$s of t
program on fundingotheaet Walkly Ipe ogv aimsabliencfladi n
progrEvymsn without such cost growtmatkRowever, t hi
concern.

Starting in FY2026, when thel 8lagsybphanpetoypnanpc
period of 10 years, thecNavy psogmatwawialnh art e q hie
FY2019 rdoudlalry p$e?r byieldriecoman p risemwcirmgd. year s ago,
the 'dlaghipbuilding budget was beingefaunded at a
observers were conckanedptbgtamhaeu Fovieg@dm@tbha per i
could absorb as macdhiapb hialldi mg Kudeg eNta,v yl eavi ng
available for all ot her Naasvty ssehv eridaalvdyyde anrgs ,p rtolge
shipbuilding budget has been increased to an an
I n a context of a shipbuilding bwdmaests of roughl
requirement for yreaugtfdloye s$ holti [Iloiooom apserl ar ge pr op
Concerns remain, thlat vasvird,il | eibad et ffotrn dtfhnep tphreorc ur e
kinds of stwipse.polrhie oNmaeigtrs sFhYi2p0b2ulit] Bd&i nfgo Ipll cawi nsgt a

The fisal impact of the new SSBN begins in FY2023 with advanced procurement
[funding], and then increases in FY2026 with full annual procurements. This represents
Navy's |l argest f Heanlutgetednddollckimpgot thd page ofn e a r

procuring other Bip types- potentially causing a drop below the steady profgeewn
elsewhere in this report.

At a March 27, 2019, hearing ®edAtrree dt hSee rSvei acpeosw e
Commit Neeyoshipbui,|] dNenwy porfofgitcanasl s testified

the COLUMBI A Class program remains the Navy’s
programand is on track to start construction in October 2020 and deliver to pace the

retirement of our current ballistic missile submarines, deploying for its first pafd

2031. To better align focus and resources and ensure successful delivery of this program

to the Fleet, DON has established Program Executive Office COLUMBIA. Additional

resour ces a ljpodgatofine wil bl requiyed ®r the Navy to fdrserial

production of the COLUMBIA Class SSBN and maintain its planned shipbuilding

profile >

The crealNiabdmnooBalsteBle aDet e NEBD&Ered Ftumad amending of
statute governing the fund t dei nvcileoweed sapseci al a
response t o cpoontceenrtnisala b onptecclttehsast ptrhoeg rCGaonh uommb ifau n d
wi || be avaielrabNlaev yf @r ogr ams, i nclRdar nagdaditthiean aslh
information ab®&6sSHQBE] (NSBDF, see

525ee U.S. NavyReportto Congress on the Annual LeRgnge Plan for Construction of Naval Vessels for Fiscal

Year 2020QFigure A41 on p. 18.

53 See U.S. NavyReportto Congress on the Annual LeRgnge Plan for Costruction of Naval Vessels for Fiscal

Year2020 p. 7. A similar statement appears on page 17. See als
for Columbia SSBNs to Accelerate3h i p BENdNMetvs "November 27, 2018; gRorch Abot t ,
Separate Fundi ng Dé&fense D&ilgNovember 30, 2@8.b s ,

54 statement of The Honorable James F. Geurts, Assistant Secretary of the Navy for Research, Development and
Acquisition ASN(RD&A) and Vice Admiral William R. Merz, Deputy Chief Naval Operations for Warfare Systems
(OPNAV N9) and Lieutenant General David H. Berger, Deputy Commandant, Combat Development and Integration &
Commanding General, Marine Corps Combat Development Command, before the Subcommittee on Seapower of the
SenateArmed Services Committee on the Department of the Navy Fiscal Year 2020 Budget Request for Shipbuilding
Programs, March 27, 2019, p. 6.
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55 Congressional Budget Offic@ptions for Reducing the Deficit: 2014 to 2Q2Bvember 2013, pp. 669.

56 see, for examle, Congressional Budget Offideethinking the Trident Forgeluly 1993, 78 pp.; and Congressional

Budget Office,Budget OptionsMarch 2000, p. 62.

57 Debt, Deficits, and Defense, A Way Forward[:] Report of the Sustainable Defense TaskJoeed 1, 200, pp.

19-20.

58 Benjamin H. Friedman and Christopher Preble, Budgetary Savings from Military Restraint, Washington, Cato

Institute, September 23, 2010 (Policy Analysis No. 667), p. 8.

96 WUDWHJILF $JLOLW\ 6WURQJ 1D WLR Gizé RéhlitkQMiHsdiR Waghi@dan) h@, ZOREDO DQG
p. 29. (Sponsored by the Peter G. Peterson Foundation, Prepared by Stimson, September 2013.)

60 For further discussion, s€RS Report RL33640).S.Strategic Nuclear Forces: Background, Developments, and
Issuesby Amy F. Woolf

61 For more on the VPM, s@@RS Report RL32418Javy Virginia (SSN74) Class Attack Submarine Procurement:
Background andissues for Congresdy Ronald O'Rourke
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recent reports of «c¢hal Fceonngsetsr ufcatcieodh bsyh itphyea rtdwso (s
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oversight questions for Congress include the fo
19 Do the Navy and the submarine builders agree
the industrial bas eCotlou mboMlaprogcita svar i ous pot en
wor kl oads ?

T What stepstheestubemaNawy, builders, and submar
taking to bring the capacity of the industr.i
desired submarine procurement rates? What ar

portion of these oowsetrnameinlt|!? be borne by the
Regarding the second ebrul7,et2 o9 ntpradboyv er, e @o Nb vse:

The Navy and submarine builders General Dynamics Electric Boat and Newport News
Shipbuilding are executing a recovery plan to get Block IV Virgéléss submarine
productionback on track, after the last five submarines in Block lll delivered late.

The Virginiaclass program had previously been held up as a model of efficient
procurement, as the boats were deliveringost and orschedule—or at times beating
costand schedule-and former Navy Secretary Ray Mabus grew to joke aboutthe program
as having a punebard rewards programto get 10 subs for the price of nine. Delivery times
also dropped from 84 months to 72 and then to 66, on their way down to 60 months for
Block IV.

But as the program moved from building one a year to two a year, the subs stopped
delivering on time.

“The way we build our submarines, there’'s four
two built at EB, two built at Newport News. Fromthebdule perspective, they have to

delivera module (one of each kind) every sixmonths. Andyou look the entire fabrication,

from the pipeshoptopfabtosubmo dul es t o modul es, when you’'re a
two per year, every part of that assemblg Iimust be on cadence. At the {fab, at the

submodule, the footprint, the people, the tools, the procedures. So what we learned is, if

you get out of cadence in any part of that step

test. So thdt”" sRewamtAdmppRawid Goggins, the pro

for submarines, said in response to a USNI News question during a craestanswer

session at the Naval Submarine League’'s annual ¢

“So the companies hayveNehavethetmetigce. Addéhekeya r ecovery
thing is getting back to cadence across the entire production line, from the pipe shop, pre

62 see, for example, Government Accountability Offi€ejumbia Class Submarine[:] Overly Optimistic Cost Estimate

Will Likely Lead to Budget Increasd3A0-19-497, April 2019, pp. 2@ 3 ; Davi d B. theMewNoemal, “Late | s
forVirginia-Cl ass At t efedseNewsa tMa,rch 20, 2019; Megan Eckstein, “ Navy
Sl owing Down Maint enadJNBews NMar Chn2t6r,b, ut0il®n, Davi d B. Larter,
Seeking Savings, ShakesUpt s Pl ans f or Mor e [Defande dléwsAprt 3, 20e9kAnthanlymar i nes, ”

Capaccio, “U.S. Navy Sub Fir epoBwombéipAggush IBe20DePlady ed by Wel di
McLeary, “Weld Probl ems Spr eBrehking BefereAugush 84, 280 vDavidBub Pr ogr am, ”
Larter, “Questions About US Navy Att ack DsfarlseNewsfagyst am Li nger
16, 2019; Emma Wat kins, “ Wil-Tubdé eP UNaidna kerédsyAudbst €899 Have a Mi s
2019; David B. Larter, “As CNO Richar ds ®defenggdNpwsduguss, US Submar
22, 20109; D aAfter dLe&lershiiSaakeupeat Genefal DynamiesMurky Future forQibmarine

Building, 'Defense NewsOctober 28,201Ri ch Abott, “ Navy Says Virginia Sub Del ay

R a t [Referise DailyNovember 6, 2019.
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fab, submodules, modules and final assembly and test. Our plan has us getting back to
cadence by the end of next year,” he said.

Speaking to USNI News after the event, Goggins said that Newport News Shipbuilding

had expanded its footprint at its Virginia shipyard to try to keep up with the higher

wor kl oad, which woul d-ruiasthdsaipyardatsabagineveolkl e in t he |
on the upcoming Columbielass ballistic missile submarine program.

“At Newport News they expanded to additional fo
the next yearand a half, throughthe end of next year, is getting those modules completed

onschedue,” Goggins told USNI News.

“So by the end of next year, we're back to cade

the planned resources to go execute module del i\

He said metrics are in place to ensure the company is on track to meet thissgedlif A

any significant hurdles remain, he said, “they
people, they have the footprint, they have the tooling; they just have to go execute, which

they' re doing today."’

Tom Plante, the director of strategic plarmfor Electric Boat, told USNI News during a
September visit to the Connecticut shipyard that some ofthe vendors were unable to keep
up with the faster pace of shipbuilding, either sending parts late or sending parts with
deficiencies that had to be latipped out of modules and replaced.

“We were challenged to meet our schedules in BI
execution, some ofthat is ripples caused by [continuing resolutions] and funding and plus
ups,” Plante said.

“1f we g e tm,ifweé dgetafftha dadench, that bauses these ripples, and it takes

multiple ships to work through that. If you have a supply probleran-conforming

mat erial comes in and |’'ve got to stop, | ’ve gof
got to e-do things—then that all adds time and cost to construction execution by
shipbuilders.”

Goggins said Wednesday [November 6] that it would be important to keep the recovery
plan on track and get the Virginiaplproduction |
overand affect the Columbia class of SSBNs.

“The key thing is getting back to cadence acr os
needed to ensure the success of the Columbia pr
said.

Despite the challenge &ping up with the faster delivery schedule, Goggins said the
Virginia-class submarines have been delivering atleigdrer quality. The future Delaware
(SSN791) completed its seatrials on Oct. 10 and delivered on Oct. 25 and was the highest
quality sub @liveredto date, according to the Board of Inspection and Survey (INSURV)
report, Goggins sait?.

6Megan Eckstein, “Navy, Sub Builders Have Recovery Plan to
Sc h e d USNeNews November 7, 2019.
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7TDEGHel ow summari zes cong'se $&Ramali ngc trieqru esnt tf hoe

Columbiass Py omparatnP®i bhudgeEtythebMNMavyi 68, request:i
authority to usefumdrtelme nftiarls tf ¥tnwlo nghitms in t he

Table 3. Congressional Action on FY20 21 Funding Request
(Millions of thenyear 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 047)/Project 3219 80.1 80.1 80.1 80.1 80.1 80.1 80.1

PEO0603595N (lin@52/Project 3220 317.2 317.2 317.2 317.2 306.7 317.2 317.2
Subtotal R&D 397.3 397.3 397.3 397.3 386.8 397.3 397.3
Procurement

Procurement 28915 28915 28915 28915 28622 28915 2,869.0

Advance pocurement (AP) 1,123.2 1,123.2 11,2982 1,253.2 1,232 1,253.2 1,253.2
Subtotal Procurement 4,014.7 4,014.7 4,189.7 4,1447 3,985.4 4,144.7 4,122.2
TOTAL DOD Funding 4,412.0 4,412.0 4,587.0 4,542.0 4,372.2 45420 45195
Department of Energy (DOE) funding
Naval Reactor§ Columbiaclass reactor 64.7 64.7 64.7 64.7 64.7 64.7 64.7

systems development

Source: Navy FY2@1 budget submission and committee and conference rep@kplanatory statements on
FY2®1 National Defense Authorization Act ahFY2®@1 DOD Appropriations Act, and (for appropriations
figures for DOE Naval Reactors funding), committead aonference reports on the FY 21 Energy and Water
Developmentand Related Agenciesppropriations Act.

Notes: PE means Program Element, thatis, a research and development line item. A Program Element may
include several projectd2E0603570N/Project 3219 isthe SSBN(X) reactor plant project within the PE for
Advanced Nuclear Power SystenBE0603595N/Project 3220 is the SeaBased Strategic Deterrent (SBSD)
Advanced Submarine System Development project within the PBliay ReplacementHASC is House

Armed Services CommitteeSASC is Senate Armed Services CommittddAC is House Appropriations
Committee; SAC is Senate Appropriations Committe€onf. is conference agreement. SCN is Shipbuilding and
Conversion, Navy; NSBDF is National S8ased Deterrence Fud. The procurement funding requested for
FY2018is advance procurement (AP) funding.

64 For more on incremental funding, SERS Report RL3140/fefense Procurement: Full Funding Poligy
Background, Issues, and Options for CongrégsRonald O'Rourke and Stephen DaggettdCRS Report RL2776,
Navy Ship Procurement: Alternative Funding ApproachBackground and Options for Congresy Ronald
O'Rourke
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The House Armed Servi dde RePpddrRifltltbard y BnRi2t02 0N e pm
6395recommended the funding I7TBE@®Hs shown in the

6HFWLRIOQH. R. a3 Y=ported by the committee states:

SEC. 1023. USE OF NATIONAL SEBASED DETERRENCE FUND FOR
INCREMENTALLY FUNDED CONTRACTS TO PROVIDE FULL FUNDING FOR
COLUMBIA CLASS SUBMARINES.

Section 2218a(h)(1) of title 10, United States
phased installment payments’ ' tpaymdntsjiandserti ng ‘' *,
full funding for the first two Columbia 2 class

H. . Rep#4 4214 6es:
Submarine Supplier Development

The committee recognizes that teebmarine supply base lost approximately 12,000
suppliers sincethe end of the Cold War. Material provided by the submarine industrial base
is planned to grow by more than 200 percent over the next 5 years, after more than two
decades of nurturing a fragiindustrial base where 75 percent of funding for supplier
material was awarded to single or setaurce suppliers. Congress authorized and
appropriated funding ifiscal year 2019 and fiscal year 2020 and provided flexible
authoritiessupporting submariniedustrial base expansion and stabiitigiatives. In

fiscal year 2019, the Navy identified 324 supplieresgscutioncritical and has been
conducting assessments of thealth and readiness of those suppliers. In the 2020
assessmenthe number of ctical suppliers has grown to 350, of which 61 haeen
identified as challenged to meet future demand. The comritlEves that continued
investment in supplier developmerill reduce material lead times aimgprove the abilty

ofthe submarine indusdl base to meet challenging construction schedules at higher rates
of production. Therefore, the committee encourages the Secretary of the Navy to include
supplier development funding in future budget requests until the number of challenged
suppliers habeen significantly reduced. (Pages2ly)

he Senate Armed Ser viSc eRep
395recommended the fundin
ecommended increase of $1
Submianepp!l i eT( PsatgaeR ed4ghiadr)y.i n g
23t at es:

Submarine supplier stability

RBwmilibt @ €,0 HOnR .iotns  r
g |7TBE®HBe shown in t
75.0 million for ad
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The budgetrequestincluded $1.1 billion in line number 2 of Shipbuilding and Conversion,
Navy (SCN), for Columbialass submarine advance procurement.

The committee believes that expanding the capabilitidhe secondand thirdtier
contractors in the submarine industrial base should lead to greater industrial base stability,
cost savings, and improved efficiency as production increases to meet the Calasabia
construction schedule.
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Therefore, the commtee recommends an increase of $175.0 million in line number 2 for
Columbiaclass submarine advance procurement.

The committee directs the Secretary of the Navy to notify the congressional defense
committees, in writing, within 30 days of obligating fupdevided for submarine supplier
stability. The notification shall include: obligation date, contractor name or names,
location, description of the shortfallto be addressed, actions to be undertaken, desired end
state, usable end items to be procuredpgdearf performance, dollar amount, projected
associated savings, including business case analysis, if applicable, contract name, and
contractnumber. (Pages-20)

6HFWLR®. 9%G4 reported by the committee states:

SEC. 121. CONTRACT AUTHORITY FOR COLUMBIACLASS SUBMARINE
PROGRAM.

(a) CONTRACT AUTHORITY—The Secretary of the Navy may enter into a contract,
beginning with fiscal year 2021, for the procurement of up to two Cuiktolass
submarines.

(b) INCREMENTAL FUNDING—With respect to a contract entered into under
subsection (a), the Secretary ofthe Navy may use incremental funding to make payments
underthe contract.

(c) LIABILITY. —Any contractenteredinto under subset(®) shall provide that

(1) any obligation ofthe United States to make a payment under the contract is subjct to
the availability of appropriations for that purpose; and

(2) total liability of the Federal Government for termination of any contractezhigo
shall be limited to the total amount of funding obligated to the contract at time of
termination.

6HFWLRIODS. 4G49 eported by (temp haemei tatdele d9t at es

SEC. 1025. SENSE OF CONGRESS ON ACTIONS NECESSARY TO ACHIEVE A 355
SHIP NAVY.

It is the sense of Congress that to achieve the national policy ofthe United States to have
available, as soon as practicable, notfewer than 355 battle forceships

(1) the Navy must be adequately resourcedto increase the size ofthe Navy in accordance
with the national policy, which includes the associated ships, aircraft, personnel,
sustainment, and munitions;

(2) across fiscal years 2021 through 2025, the Nawy should stadnstruction on not
fewer than—

(A) 12 Arleigh Burkeclass destroyers;

(B) 10 Virginia-class submarines;

(C) 2 Columbia-class submarines

(D) 3 San Antonieclass amphibious ships;
(E) 1 LHA-class amphibious ship;

(F) 6 John Lewisclass fleet oilers; and

(G) 5 guided missile frigates;

(3) new guided missile frigate construction should increase to a rate of between two and
four ships peryear once design maturity and construction readiness permit;
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(4) the Columbia-class submarine program should be funded wh additions to the
Naw budget significantly above the historical average, given the critical single
national mission that these vessels will perform and the high priority of the
shipbuilding budget for implementing the National Defense Strategy

(5) stabe shipbuilding rates of construction should be maintained for each vessel class,
utilizing multi-year or block buy contract authorities when appropriate, until a deliberate
transition plan is identified; and

(6) prototyping of potential new shipboard systems should be accelerated to buid
knowledge systematically, and, to the maxmum extent practicable, shipbuilding
prototyping should occur at the subsysterel in advance of ship design.

S. RepR23&2l1sl6 st at es:
Submarine Construction Workforce Training Pipeline

The budget request included $9.2 million in Research, Development, Test, and Evaluation
(RDT&E), Defensewide, for PE 67210D8Z Industrial Base Analysis &ubtainment

Support.

The committee notes that, overthe next decade, the subshideilding industry must
hire at least 18,000 new skilled workeéossupport the production of the Columizlass
ballistic missilesubmarine and the continued constautf the Virginiaclas ssubmarine.
The submarine industry has worked closely with Statdlocal governments, community
colleges, high schools, and commuHitgsed nosprofits for the past several years to
establismewtraining pipelines to support tiedscreased hiring needs.

Thus far, such pipeline training programs have placed nearly 2¢sf)fle in submarine
industry jobs. The committee notes that additifunadling will increase the throughput of
these pipelines arekpand theminto additional Séstto more adequately respontht®
hiring demand.

Therefore, the committee recommends an increase of $20.0 millBBT&E, Defense
wide, for PE 67210D8Z for increasing teebmarine construction workforce training
pipeline. (Page 124)

OO Ul OEI
Thenftcer ench. ReeppidIotfl (Be c3e md @ HO )R. odR6 3.9-3 8lAf6
Januaryrdacotim@ids the funding levels shown in t

7TDEOH The recommended increase of $130.0 million
f dfubmarine stUppDFepageald2l7i5t wf 4517)

6HFWLRQf t he conf edr eRncsBt dexr s:i on o f

SEC. 1023. USE OF NATIONAL SEBASED DETERRENCE FUND FOR
INCREMENTALLY FUNDED CONTRACTS TO PROVIDE FULL FUNDING FOR
COLUMBIA CLASS SUBMARINES.

(a) IN GENERAL—Section 2218a(h)(1) oftit 10, United States Code, is amended

(1) by striking “‘“incrementally funded contract
“‘*incrementally"funded contracts for

(2) by adding at the end the following new subparagraphs:

' (A) adv anaflkighpatue long leasl timeitems for nuclear powered vessels
to better support construction schedules and achieve cost savings through schedule
reductions and properly phased installment payments; and

“*(B) construction osfulinmaer ifniess.t’ 't.wo Col umbia cl
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(b) LIMITATION. —None of the amounts authorized to be appropriated or otherwise made

available for any of fiscal years 2021 through 2023 for the Department of Defense for
Shipbuilding and Conversion, Neavy,I| ifme itthem, * Oh
may be obligated or expended for the construction of SSBN 827, unless othemise

specifically provided by law.

Regarding SeRepHdsslasss:

Use of National Se8ased Deterrence Fund for incrementally funded contracts to provide
full funding for Columbia class submarines (sec. 1023)

The Housebillcontained a provision (sec. 1023) that would amend section 2218a(h)(1) of
title 10, United State€ode, by authorizing the use of incremental funding for the ful
funding of the first two Columbiglass submarines.

The Senate amendmentcontained a similar provision (sec. 121).

The Senate recedes with an amendment that would prohibit funds authoridee full
funding procurement of the Columkddass programto be obligated or expended for the
construction of SSBM27 in fiscal years 2021, 2022, or 2023 and make technical edis.
(PDF page 4005 of 4517)

H. Rep#tlsstabes:
Sense of Congress on actions necessary to achievesh§oSavy

The Senate amendmentcontained a provision (sec. 1025) that would express the sense of
Congress on actions necessary to implerte@inational policy of the United States to
have available, as soonas practicable, not fewer than 355 battle force ships.

The House billcontained no similar provision.
The Senate recedes. (PDF page 4024 of 4517)

%8 | huw# . #w x x UOx BEBULHXRE BYODUMED OO w" woi
' 8 1 8ul BrlwiaEyut

" OU Ul

The House AppropriatibnRegdm@®fltb6pel 6 HNROR2O) repo
761l7recommended the funding TDBOH Bh & hroevecno mme t the
reduction of $10. 5IT@MCni[lCommonrd oMi ddinlee 5Qo mparftom
and prototype hidtPa2gerg!| ITyh eo weerclonnthpeentdeedd r educt i
million for pgCANHSHmesnoe ntd aitse df dafnldo aEEnt ke tpwa rsles Ser
early”t ¢ $nhe 4iBEdmect ronic war f(a¥leli.edIdDygndo need

“Phot onics "@dr2l.ng8i Atdoi onre)8d ( Page

|l . R. ak6r7Zeported by the committee, the paragr arg
Shipbuilding and Conversion, Navy (SCN) appropr

... ProvidedfurtherThat funds appropriated or otherwise madailable by this Act for
Columbia Class Submarine (AP) may be available for the purposes authorized by
subsections (f), (g), (h) or (i) of section 2218a of title 10, United States Code, only n
accordancewith the provisions of the applicable subsection
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21 OEUI
The Senate Appropriations CommKXKKEbati hhthe exp
committee releasedr @enmo Nmerdde rt Hed ,f RORIONg | evel s
colunE®OH The recommended increase of $130.0 mil
fundin‘®riogrfaonr i ncrease: SubmafPagei bdakstrial ba
In the bill astt elee @ eldlolv ntit2ede, ctohnemipar agr aph tl
appropriations for the Shipbuilding and Convers
this provision:

... ProvidedfurtherThat funds appropriated or otherwise made available by this Act for

Ohio Replacement Submarine (AP) may be available for the purposes authorized by

subsections (f), (g), (h) or (i) of section 2218a of title 10, United States Code, only n

accordance with the provisions of the applicable subsection.
The explanatdarhye i adtemenhecased by the committee

COLUMBIA Class SubmarinessThe fi scal year 2021 President’s b
$4,014,650,000 in Shipbuilding and Conversion, Navy, for the incrementally funded
procurementofthe fir«@OLUMBIA Class submarine [CLB] and for advance procurement

[AP] of eleven additional hulls of the COLUMBIA Class. The Committee notes that
unprecedented acquisition and funding flexibilities have been provided by the Congress

for the acquisition of the @, including authority to enter into economic order quantity
contractsin fiscal year 2016, authority to award contracts for advance construction in fiscal
year 2016, authority to award contracts for continuous production in fiscalyear 2017, the
expansiorof such continuous production authority in fiscal year 2018, incremental funding
authority for advance procurement in fiscal year 2016, authority for incremental full
funding of the first two CLB hulls in fiscal year 2021, as well as sizeable additional
appropriations to support the submarine industrial base for both COLUMBIA and
VIRGINIA Class submarines. Additionally, in fiscal year 2021, the Navy requesiedat 3

AP appropriations of nuclear propulsion equipment components for the second CLB,
which theCommittee believesis an unprecedented use of AP, butdoes not object to in this
instance. However, the Committee is displeased with the way this request was presented to
the Congress and is concerned about the potential future such use of AP. Thisgefore, t
Assistant Secretary ofthe Navy (Research, Development and Acquisition), in consultation

with the Assistant Secretary ofthe Navy (Financial Manager and Comptroller) is directed

to submit to the congressional defense committees, with submissionafthesH d ent ' s
fiscalyear 2022 budget request, a certification of the need forgasgtAP requested in
fiscalyear 2022, as well as to provide a detailed execution update by comporgedrof 3

AP appropriatedin fiscal year 2021, to include any deviafionsinformation previously
provided to the congressional dedaeAPse committee
requestfornuclear propulsion equipmentin fiscal year 2021.

The Committee notes that despite the significant legislative support providee by

Congress for the CLB, challenges have occurred in certain design, prototyping, and

advance construction efforts of the program. In particular, ongoing missile tube issues have

consumed the majority of the common missile compartment schedule margaythe

causing additional risk to the ship construction schedule. Further, the Committee notes that

despite Navy |l eadership’s repeated statements t
priority, the Navy's budget gpriartzatonaForqui si ti on pl
instance, the fiscal year 2021 budget request for the COLUMBIA Class includes

$16,400,000 for the submarine industrial base, a decrease of $129,000,000 from amounts

appropriated for fiscal year 2020 despite repeated statements bielldeyship that the

supplierindustrial base presents the most significantrisk to the program. Further, the Navy

continues to inject risk into the CLB program by destabilizing the VIRGINIA Class

submarine program, as addressed elsewhere in this explasiate ment. The Committee
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The
and
Il i n

Th e
Con

The

recommends an additional $130,000,000 to support the submarine industrial base, and
believes that further erosion of performance of the CLB programwould warrant a review
of the Department of Defense and Navy acquisition enserps it relates to submarines.
(Pages 11417)

explanatory statement that the committee re

Wat er Development and Related Agencies appr
e 7DBEBOQH $t at es:

COLUMBIA —CLASS REACTOR SYSTEMS DEVELOPMENT

The Committee recommends $64,700,000 for ColurGtass Reactor Systems

Development. Columbialasssubmarines are vital to maintain our survivable deterrent.

The Committee remains concerned aboutioe delivery of the first Columbi€lass

submarine, in part because Naval Reactors’ asse
propulsion planthave be@&consistent. The Committee notes that Naval Reactors has not

provided the quarterly updates to the Committee that were directed last year, and directs

Naval Reactors to provide the initial brief within two weeks of enactment of this act. (Page

132)

OEI

explanatory statement f ApprobertbmngPBPhneesdsonn
fR./IP1B32Adlf6 Decembert R&,C2@O20l i dated Appropr.i
viildee sf unding |l evels shown in 7DIE®O@HR@pr opriati
uction of $22.451 milICIANESI pCpneobuireéamtead Afuln
wor ks and Enterprfi ¢8mbeiBBdbepst oaac!| ywatrd amee e
($&i DPODi4oRhot amidc s "ed 1y D6dBomeed The increase
l'ion in advance pr‘®Pc wmge aenrsurbmtal)d sifeu n didrug tirsi e
e expRDFi pafgdeb)9203 o

pariangrDa wh H.i R.nt M@8MBaft makes appropriations for
ver sion, Navy (SCN) appropriations account i

... ProvidedfurtherThat funds appropriated or atwise made available by this Act for
Columbia Class Submarine (AP) may be available for the purposes authorized by
subsections (f), (g), (h) or (i) of section 2218a of title 10, United States Code, only in
accordance with the provisions of the applicaibsection.

explanatory stHtR.mMmethd88dxr Division C of
COLUMBIA CLASS SUBMARINES

The fiscal year 2021 President's budget request includes $4,014,650800pknibing
and Conversion, Navy for the incrementally funded procurement of th€@istMBIA
Class submarine (CLB) and for advance procurement (AP) of edelditional hulls of the
COLUMBIA class. Itis noted that unprecedented acquisitiorfamding flexibiities have
been provided by the Congress forthe acquisition of the iIBtBiding authority to enter
into economic order quantity contracts in fiscal year 2848 ority to award contracts for
advance construction in fiscal year 2016, authoritsw@ardcontracts for continuous
production in fiscal year 2017, the expansion of sugritinuous production authority in
fiscal year 2018, incremental funding authoritydaivance procurementin fiscal year
2016, authority forincremental full funding of tfiest two CLB submarines in fiscal year
2021, and sizeable additional appropriationsupport the submarine industrial base for
both COLUMBIA and VIRGINIA Classubmarines.

Additionally, in fiscal year 2021, the Navy requested threar AP appropriationsf
nuclear propulsion equipment components forthe second CLB, which is believeto be
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unprecedented use of AP but is not objected toin this agreementin this irtdtameser,

the House and Senate Appropriations Committees are concerned apaotikiel use of

such AP in the future. Therefore, the Assistant Secretary of the [Research,
Development and Acquisition), in consultation with the Assistant Secretary of the Navy
(Financial Manager and Comptroller) is directed to submit to the congnekdifense
committees, with submission of the President's fiscal year 2022 budget request, a
certification ofthe need for any thrgear AP requested in fiscal year 2022, as well as to
provide a detailed execution update by component of tfaeAP apropriated in fiscal

year 2021, to include any deviations from information previously provided to the
congressional defense committees in support of the Navy's\yeeeAP request for
nuclear propulsion equipmentin fiscal year 2021.

It is noted that deste the significant legislative support provided by the Congress for the
CLB, challenges have occurred in certain design, prototyping, and advance construction
efforts of the program. In particular, ongoing missile tube issues have consumed the
majority of the common missile compartment schedule margin, thereby causing additional
risk to the ship construction schedule. It is further noted that despite the Navy leadership's
repeated statements that the CLBis the Navy's top acquisition priority, the blalggts

and acquisition plans do not reflect that. Forinstance, the fiscal year 2021 budget request
for the COLUMBIA class includes $16,400,000 for the submarine industrial base, a
decrease of $129,000,000 from amounts appropriated for that purposaligdiar 2020,
despite repeated statements by Navy leadership that the supplier industrial base presents
the most significant risk to the program. Further, the Navy continues to inject riskinto the
CLB program by destabilizing the VIRGINIA Class submanmegram, as addressed
elsewhere in this explanatory statement. An additional $130,000,000 is recommended to
support the submarineindustrial base. Further erosion of performance ofthe CLB program
would warrant a review of the Department of Defense ang/Bequisition enterprise as

it relates to submarines. (PDF pages208 of 469)
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Appendix A. 2 UOOE U/akudd @ud wz 2 UPwOU

This appendix provides background information o
has operated sincesudMnar 7PE@HT dar sbbawssées ahe t
the size of Uu. S. SSBNs has grown over ti me, r ef
SLBMsarried on each boat T hes)Ohtihoa tc liass smuccahr rliaers
the SLBMs carried by earlier u. S. SSBNs, and it
earlier Yl 8. p&SBNEorhet Ehlsans § wddés nibg@aes g e d

di spl acleBmemx 0 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 1961-1992 19632002 1981/1984present
commission
Length 381.7feet 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 83inches
SLBMs
Length of those 32.3 feet 32.3 feet 34 feet 44 feet

SLBMs

Weight of each
SLBM (pounds)

36,000 pounds

Range of SLBMs ~2,500 nm

36,000 pounds

~2,500 nm

65,000/73,00@ounds

~2,500 nm/~4,000 nm

~130,000 pounds

~4,000 nm

Sources: Prepared by CRS based on datain Norman Polm&e Ships and Aircraft of the U.S., Rleeapolis,
Naval Institute Press, various editions, and (for S@BSommissioning 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 the hull.

The range of an SLBM can vary, depending on the number and weightleinwarheads it carriesactual
ranges can be lesser or greater than those shown.

The George Washingtortlass boats were procured as modifications of SSNs that were already under
construction.Three of the boatswere converted into SSNs toward the endstbfeir lives and were

65 The larger size of the Ohiolass design also refleagrowth in size over time ib.S. submarine designs due to
other reasons, such as providingincreased interior volanmeasureso quiet the submarine acoustically,&to

make it harder to detect.
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decommissioned in 1983985 The two boats that remained SSBNs throughout their lives were
decommissioned in 1981.

All five Ethan Allerclass boats were converted into SSidsvard the ends of their livesThe boats were
decommissionedn 1983 (two boats), 1985,1991,and 1992

Two of the Lafayette/Benjamin Franktitass boats were converted into SSNs toward the ends of their lives and
were decommissioned in 1999 and 2008e 29that remained SSBNs throughout their lives were
decommissioned in 1986995 For 19 of the boats, the Poseidon-8 was the final type of SLBM carried; for the
other 12,the Trident | G4 SLBM was the final type of SLBM carried.

A total of 18 Ohio-class S8Ns were built The first four, which entered service in 1981984were converted
into SSGNs in 2002008.Theremaining 14 boats entered service in 19Bd97 AlthoughOhio-class SSBNs are
designed to each carry 24 SLBMs, by 2018, four SLBM launchdoleesh boat are to be deactivated, and the
number of SLBMs that can be carried by each boat consequently is to be reduceddo th@t the number of
operational launchers and warheads in the U.S. force will comply with giateiclear arms control liits.
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Appendix B. 4 6 26 w" OOx | UE UD A UDO w2 + !
UT T w-1 bwéd* w22! -

This appendix provides -Ukckago mparnat ii dirf totr ana3 Li BBMs 0:
UKs nexrer ation ISS8NIL e ¢ r te hcel cafsgsc cSeSsBNormand now c al l
Dr e adnooluagshst S SBN.

TheKs four -cvbags aB88BNs, whichl®h9ereaclsecarnmcy 16
|l I-5DSLBMs. Previous classes efenlek aStSiBiNe® s iSmi | Salr E
The'sUKuse-noafdeU.SS.BMs on its SSBNandisngwnel @ed e ment
cooperation between fleéatwd coOsunéesi ebadoni suchea
Agreement for Cooperation on the Uses of Atomic
known as the Mutual Def eenvsoer KAge teantelnitg he dVi hyhi thh e
agreement, co ation on SLBMs in particular i
Agreement and a 1982 Exchange ©UThawlitldteg st ibfeit ende ei

66 Although the SLBMs on UK SSBNs are U-sBade, the nuclear warheads on the f@ssare of UK design and
manufacture.

6%’A March 18, 2010, report by the UK Parliament’'s House of C
following:
During the Col d Waaperatibnhith thd Writed Statesevds e@nsideredoto be at
theheartofthe[UKU. S. ] ‘ speci al relationship’”. This included th
Agreement, the 1963 Polaris Sales Agreement (P SA) (subsequently amended for Trident), andthe
UK's use of the US nuclear t estopeadiohadsoi n Nevada from 196
encompassed agreements for the United States to use bases 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, he UK and US signed the Mutual Defence Agreement (MDA). Although some of the
appendices, amendments and Memoranda of Understanding remain classified, it is known that the
agreement provides for extensive gperation on nuclear warhead and reactor tectgiedoin

particular the exchange of classified information concerning nuclear weapons to improve design,
development and fabrication capability. The agreement also provides for the transfer of nuclear
warheaerelated materials. The agreement was renew&D 0¥ for another tenyears.

The other major UKUS agreement in thisfield is the 1963 Polaris Sales Agreement (P SA) which
allows the UK to acquire, support and operate the US Trident missile system. Originally signed to
allow the UK to acquire the Polassbmarine 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 I (D5) in place of the C4. In return, the UK
agreed to formally assign its nuclear forcesto the defence of NAT O, 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 negadiaof the P SA.

Current nuclear coperation takes the form of leasing arrangements of around 60 Trident 1l D5

mi ssiles from the US for t hesatdikgcellaboratbreomthea dent det errent
design of the W76 nuclear warhead carried onrisiles. In 2006 it was revealed that the US and

the UK had been working jointly on a new ‘Reliable Repl
modernise existing W7-8tyle designs. In 2009 it emerged that simulation testing at Aldermaston

on dual axis hydrodyamics experiments had provided the US with scientific data it did not

otherwise possess on this RRW programme.

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

according to the written submission from lan Kear , “wel | above the norm, even for
alliance relationship”. He quoted Admiral William Cr owe
who likenedtheUKUS nucl ear relationship to that of an iceberg,
out, but beneath theater there is quite a bit of everyday business that goes on between our two

governments in a fashion that’s unprecedented in the wo
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Mar ch 2Qle0 Unhated 8niatted HKinndgddm have maintained
commitment to nuclear deterrence thrTohuegh t he Po

u. s. wildl continue to maintain its strong strat
fol-bawpl atfomoms{ hba®Pelaup’® Sales Agreement

The firsdl &asag88&BN was originally projected to 1
2024, but an October 2010 UK defense and securi
Vanguard classxsbangsdwhbhyl anbewbgeear s, so that t
service into the I%Aate 2020s and early 2030s.
The UK plans t o r epllaascse btohaet sf owirg é\vaentgauteieodo r f o ur
Dr eadncoluagshst boats are to be equipped with 12 mis
call for each -bo&ltBMso, cwairtrhy teheg hat lDer f our t ube:
The repor‘“tMasitna+tcml et hadt ar oy btutod ds wibamar e qqeisr ed
around°Re 6f.ir st new boat is to be delivered by
previousTy planned.

The United States is assisbhriagdnSdBBNUIRrwigrfameced
additiooaduloanr h@ommon Missi,tdeCtUmpaed mgnat ¢ LMC3 ¢
UK with t h3 rnecawx #RONR lpd anBeda b gSoSutBjNet A December 2
press r epdtrhterset ahtaess bteheant st rong [ UK] coll aborat:i
Dr eadnporuogghrtam] , particularly with regard to the
t ec hnalnagy,hat t he desi gDr ecaodncoepmphsts‘@ammledavyes f or t
propulsion plant basedgemeiracanU3JKd escchaggaloorpyt usin
(PWR) and modern secofndTalrey Wp.rS.p uNasviy ns tsaytsetse ntsh. at

Naval Reactors, a joint Department of Energy/Department of Navy organization
responsible for allaspects of naval nuclear propulsion, has an ongoing technical exchange
with the UK Ministry of Defence underthe US/UK 1958 Mutual Defence Agreement. The

personal bonds between the US/UK scientific and technical establishments wererdeépdly

(House of Commons, Foreign Affairs Committ&éth ReporGlobal Security: UKUS Relations
March 18, 2010, paragraphs 1:385;http://mww.publicatiors.parliament.ulpgatm200910/
cmselectémfaff/114/1402.htm paragraphs 13135 are included in the section of the report
available ahttp://mwww.publicatios.parliament.ulpatm200910¢émselecémfaffl114/11406.htm)

See also “U. K. StAays ®ialcan tExd re nNu cBlobavBiedurity NewswireJdyd30,St at es, ”
2014.

68 statement of Rear Admiral Stephen Johnson, USN, Director, Ste&@gsjiems Programs, Before the Subcommittee
on Strategic Forces of the Senate Armed Services Committee [on] FY2011 Strategic Sylsteaimnd,7, 2010p. 6.

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

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

the Prime Minister by Command of Her Majesty, October 2@p05,3839.For mor e ®madhobght UK’ s
SSBN progranas it existed prior to the October 2010 UK defense and security review rep@Richard Scott,
“Deterrence ADQATDIHKIH® Baenher & 2009: 281.

"L Securing Britainm an Age of Uncertainty: The Strategic Defence and Security ReRi@sentedto Parliament by
the Prime Minister by Command of Her Majesty, October 2010, p. 39.

2 pWR3 means pressurized water reactor, design number 3. U.S. and UK +pakesed submarirseemploy
pressurized water reactors. Earlier UK nuclpamwered submarines are powered by reactor designs that the UK

designated PWR andPWRL. For an article discussing the PWR3 plant, se
Energising t heaUKPs oNradDWQadféN QWIHUQD W LRDIPZDIAHAMYEH SHYLHZ
“Sam LaGrone and Richard Scott, “Strategi-DQNY§YaDY¥Y Deterren

International December 2011:17 and 18.
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US/UK 1958 Mutual Defence Agreementis a Government to Government Atomic Energy
Act agreement that allows the exchange of naval nuclear propulsion technology between
the USand 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 the UK’'s nextihegeneration S
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 comprised of about 40 US personned furthvid

time engineering support forthe exchange, with additional support fromkey US suppliers

and other US based programpersonnel as needed.

The relationship between the US and UK under the 1958 mutual defence agreementis an
ongoing relationship andehevel 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 Defenég.

U.S. assistance to the UK on nwawvraed nmardy aye prmr D p:
To help junmspsnuaprote atrheed BKub mar i ne program, the Un
the UK a complete nuclear propulsion plant (plu
installed o#an ¢ ihxk Yk SBjddla ¢y apsoswenruecdl eaatrt ack s ubmart
(SSNs), which entered service between 959 and
first-popwelear ship, t'0kD@Q®RXEKNWCcshu bermatreirneed s er vi ¢
The Decemplrers s20lelp 6the WK aitse saltshoatl ooking at ot he

bet wlreenad naonudg tthe Ohi o Replacement Progr amme. Fo
agreement has been signed off regarding the pla
respective c'®mbat systems.

A June 24, 28616é6teprebes fTeplowing:

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

Vice Adm. Terry Benedict, director of the Navy’

based on a telephone exchange Thursday morning

have 0 ¢ o rcalledBrexit VoteHdnBritisbesit— was a decision based
t (o]

n
its relationship with Europe, not with us. | seec¢

74 Source: Emailto CRS fromNawyf f i ce of Legislative Affairs, June 25, 2012
Generation U. K. Boomer s BUSNI&Néwghttp:f/neves.osnildngBecemBes17a201i4onshi p, ”
’5Sam LaGrone and Richard ScdttSt r at egi ¢ Asset s: Deterr eDIQHMVaAD¥\ Confront
International December 2011: 19. See also Jake Wallis Simons, “Bri
Nucl ear Paliticog Apil 80, 2015.

0t t 0o KrBenedidbBKEX it From European Union Won’ USNHNewsder Nucl ear
June 24, 2016.
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Appendix C. " @ U O E"BDEE Ul w1 DPOwWE OE w
, DPOT U0UOOIT U
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This appendix provides Chadokmbraswsnepr riogfrgimmatainadn o
mil estones.

/| UOl UEOQw. UBPI POWEOEW$S EUOa w, DOl UUOOI U
Alt hough the eventu-al asse &SBosr apsmbrenit daOwino ff
Columbiass @amghbhemraced more specifically to an
2006 between President George W. Bush &nd UK Pr
desire to participatecaenliaf e roofg-btase BTdr iiedxdt retn wihlée hl
2040s, and -tenbdrati ohs-58BMXFothowyn® this exchan
with an atwhe emresjsecotfed r et-¢c F 2e aftdd B teisme ft It ahte
would likeltyo bdeewneeledpe and fielDdDDainefgD@demeganf
om ngxner a-basedsear at ®8gyheetseuderts -baseddt he t e
strategi(cSBSew)esirgegmal the possibibttgeeamialty thhee an
submarine.

An I nitial Capabilities Document (I8€bD)d for a ne
approveds byoiDlOtD Requirements OversightnCommitt e
July 2008, DOD issued a Concept Decision provid
( AOA) for the program; an acquisiti'®#n decision
acguisition executive, stated thae saelwMaryiste.m wo
The Navy efobbiob abesd pifaigec eabout t3his same ti me
The AOA reportedly bega®The AGA wasnmeomphkref ad]
brief to the Office of the SetThetfairryalofAQPe freenpsoel
was completed in September 2009. An A®A Suffici
Director, Cost Assessment & ProgefdmeEA®KAuati on
concludeddéedniagn aS&8BMW was t hneg btehsetl @ohpstoi HHBNso.r (rFec

T In February2007, the commander of U.S. Strategic Command (STRAT COM) commissioned a task force to support
an anticipated Underwater Launched Missile Study (ULNIB) June 8, 2007, the Secretary of the Nantyatedthe

ULMS. Six days later, the commander of STRAT COM directed that a Sea Based Strategic Deterrent (SBSD)
capability-based assessment (CBA) be perfornieduly 2007, the task force established byadtvemander of

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

®OnFédruary 14, 2008, the SBSD | CD was approved for joint st
Review Board (R3B). On April 29, 2008, the SBSD was approve
proceed to DOD’' s JoUBn(BourCea amytist bf key evenss reBtingto tthe 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.

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

81 An August 2M8 press report states thatthe program office, calledBMS7 , “ was est abl i shed within
mont hs.” (Dan Taylor, “ Navy St aGednse rUpt iPtnsidg®&RavyDdusti ce T o Man
17,2008.

82« Goi ng Blelerisé BaflySepteniber 22, 2008, p. 1.

83 Department oDefenseFiscal Year (FY) 202 Budget Estimatedlavy, 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, 20dBscNasynhbl ogtposas that were exami
class, S$SBEEQGD][ '

The prsogMianst ommeee tAi Tevwasy held on December 9, 2
the Navy provided the following statement to CR
meeting:

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

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

The DAB endorsed replacing the current 14 Gtlass Ballistic Missile Submarines
(SSBNs) as they reachthe end of their service life with 12 GpdalRe ment Submarines,
each comprising 16, 8dich diameter missile tubes utilizihng TRIDENT Il D5 Life
Extended missiles (initial loadout). The decision came afterthe programwas presented to
the Defense Acquisition Board (DAB) on Dec. 9, 2010.

The ADMdwaa es shdephagftagy Development Strategy
Technology Development Phase during which warfi
operational and affordability goal se.f festisgnwi Ipgr
continue to ensure sufficient techrological mat

~ ~

) EOUEUawl YA wW, DOl UUOOI w! w xxUOYEO

On January 4, 2017, DOD gave-cMialsess tpame rB nap pMid e
B approval, wbgchmpeomebhsen phe engineering and
( EMD) phase, is generally considered a major mi
permitting the program to transition, in effect
procwmrnteme ogram of record. A January 6, 2017, N a
Milestone B appr-ovassfproghemCeltamieisat he follow

On 4 November 2016, Under Secretary of Defense for Acquisition, Technology and

Logistics Frank Kendaéhaired the Milestone B Defense Acquisition Board, and on 4

January, 2017 signedthe acquisition decision memorandumapproving COLUMBIA Class

program s Milestone B and designating the progr:
defense acquisition programlilestone B also establishes the Acquisition Program

Baseline against which the program s performanc
decision formally authorizes entry into the Engineering and Manufacturing Development

Phase of an acquisition progrgpermitting the transition frompreliminary designto detai

design, using Shipbuilding and Conversion, Navy (SCN) funds. Cost estimates for this
programhavebeenrebaselined from CY2010dollars to CY2017 dollars in accordance with

DoDI 5000.02, Rev glated 7 January 2015.

The MS B Navy Cost Estimate for Average Follow Ship End Cost (iR i 2010%
using specific shipbuilding indices is $5.0 billion, a $600 milion reduction fromthe MS A
estimate, which nearly achieves the affordability targédd bilion set at MS A. To
continue costcontrol, the Navy willfocus on:

e Stable operational and technical requirements
e High design maturity at construction start

84 Source: Email from Navy Office of Legislative Affairs to CRS, February 3, 2011.
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« Detailed plans to ensure manufactendring

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 cost growth. Relative to Milestone A, these &stilra/e 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

readi

in CY2010% wusing Navy indicelewonBhp&m a unique

Cost,” which akd¢momMiestodeBffoovard,the dfférdabili® cap for
the unit cost willbe measured by using the Average Procurement Unit Cost (APUC), which
includes all 12 hulls. The Affordability Cap of $8.0 bitian CY2017$ 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, whichis expected to award in early 2017. With negotiations continuing
onthe DD&C contract, the Navy has ensured the COLUMBIA Programdesign effort wil
continue withoutinterruption. The Navyissued a contract modification to allow execution
of SCN for detail design on the existing R&D contract. With this modification ireplac
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 appropriation 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
depositedthe FY17 SCN into the National Bassed 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®

85 Columbia Class MS Milestone] B, Congressional Notificafidanuary 6, 2017, pp-4. See also Megan Eckstein,

“ Co | uctabsi Sabmarine Program Passess Milestone B Decision, e gi n

2017.
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Appendix D. #1 UDT OQwOIl u @EIWOUE BOE U U

This appenaddi tpiroonvad d ebeaf cokrgnractimon on t{td adessi gn

boat s.

2001 w1l aw#l UDPT Owwl ECUUI U

f

The Cotumbsadesign will reflect the following:

T Th@ol umbiiesi didgasisiok Faear expectdbed service |

T Unli ke -dlhaees ©Ohdeseqojrwewéiahmi dBEitthe nucl ear
Col umbiias dloasse e cgewitphgedd pwntubl| emalbi f uel <cor
nucl ear [

wi || st needowemhauli f @i .no.nr edmuedverghaul
include a ntol eprraefeuyeshaan gllitfse . f ul | 4 2

T The Columbia class is -droi Wee pergaumplpsaido nwittrh
opposed to -theveephapmuksailon train used on
submarines-drThe slys¢temi ¢cs expected to be

an a ndercihvaen dscyaslit e m.

h

h

n the Ohio class (i.e., u
0O accomnbo dsaLtBaM)a D
h
e
h

tcd ass ®?design.

86 Rear Admiral David Johnson, briefing to Naval Submarine League Annual Symposium [on] Expanding Undersea
Dominance, October 23, 2014, briefing sl imdrg:THe®hio See al so
Rep | ac e me nt NaSal Bngiaeers JownaBeptember 2015: 896.

8As ment i on e Gurerd @hicClass SSENs e £ ‘t tulass @4ts receive a midlife nuclear refueling
overhaul, called an Engineered Refueling Overhaul (ERO), which inchatésa nuclear refueling and overhaul work
on the ship that is not related to the nuclear refueling.

88 U.S. NavyReporttoCongress on Annual LonBange Plan for Construction of Naval Vessels for FY 2011
February 2010, 5.

89 Source: Rear Admiral David Johnson, briefing to Naval Submarine League Annual Symposium [on] Expanding
Undersea Dominance, October 23, 2014, briedlitg 19. See also the spoken testimony of Admiral Kirkland Donald,
Deputy Administratofor Naval Reactors, and Director, Naval Nuclear Propulsion, National Nuclear Security
Administration, at a March 30, 2011, hearing before the Strategic Forces Sulitemafithe Senate Armed Services

t onc ltdhes Odr i gnibdg ti ke ed f the same as t

i f
re
e |

fuel core that is sufficient to powe
i feA)t. hough the Col udmba amicdlla & s wiulcll enaort rneefeu e
il

t

an
ot

gui

e Columbia class is to haeresiSzLeBMa sl atumashe t u
t bes with a diamet

Columbia class wiPbfhd@efaebeamompaeed d

h a

Wi

Committee, as shown in the transcript of theUfSearing, and D

Naval Institute Proceedingdune 2012:31;arfBlam La Gr one and Richard Sconst, “ Stra
Confront Cos-tDQGH¥I1Dern g@ BetEthpb2W11 RLEdD I@ore on electric drive propulsion, see

CRS Report RL3062Electric-Drive Propulsion for U.S. Navy Ships: Background assilies for Congresdy Ronald

O'Rourke

%0 Beam is the maximum width of a shiforNavy submarines, which have cylindrical hulls, beam is the diameter of

the hull.

“Dave Bishop, “ What Wi US. N&vallnstitnterProcéeding®rme2002: 31 (Bisisop Was
program manager for the Columigéass program.)SeealSoam LaGr one and Richard Scott,
Det errent Pl ans ConDQ@hv 1000\s,Q DéhoapkD0AINRaREsTH. ”

25y dney J. F r 8eekd Bub ReplaceniemM Saviygs: From NASA Rocket Boosters To Reused Access
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T I nsteaSd Bdf | dabed, a sc lons ¢ haek@aihgnoh i a h e
clasbtawé SLBM | aunch tubes

T As notedltd@dnuilgihert-bkea€el dmmbign has fewer SLBM
t heo®hass design, i ic | iass s| adbreggmsrg mtfh an tt he Ohi o
submerged displ aedmerst .daeTsh gpn€ chtassthb 5§ a b mer ge d
di splacement of 20,815 tons (as of August 20
Ohicd as 393iﬂbelgtotbmbsade5|gmlaslskcdzeaslh@nOhlo
before it, wi || be the | argest submarine eve

T The Navy “ewiangst ¢ htate unique demands of str a
[Col umbias § bmuesstts be f it ¢t elda tved dhd ptthiee smoasntd u p
stealth to ensur e tthetyh eaHyre afswlil®idelabbpbant hr oug

Y UOT wl Yhut w- EYaw! OOT w/ OUUw1i T EUVUEDOT w. 1

A b

U

S

June 26, 2013, l og post by Reabi Admtoal f Rirch
ndersfeaareWa(rN97) discussing option<s |ltalsast wer e
SBNs ,tBEatebIIOW|ng

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

and the Offie of the Secretary of Defendes formallyexamined various options to
replace the Ohio ballistic missile submarines as they retire beginning in 2027. This analysis
included a variety of replacement platformoptions, including designs based on the highly
successful Virginieclass attack submarineqgram and the current Oh@ass 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 variety of iiters have speculated thatthe required survivable deterrence could
be achieved more cost effectively with the Virgibiased option or by restarting the Ghio
class SSBN production line. Both of these ideas make sense at facevahds why

they werencluded among the alternatives assedsaidthe 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 designwith a Trident Il D5 missileéAn SSBN designbased ona
Virginia-class attack submarine with a lardiemeter missile compartment was rejected
due to awide range of shortfalls. It would:

D o o rBseaking Defenséhttp://breakingdefense.comApril 7, 2014.

98 Navy information paper on Columbizdass program dated August 11, 2014, providedto CBO and CRS on August
11,2014.

%4U.S. NavyReportto Congress on Annual LoiRange Plan for Construction of Naval Vessels for FY 2011

February 2010, p. 2&ee also Mie Mc Car t hy, “ Navy Striving To Refahsece Det ect al
Daily, February 6, 2015: 1n an article published in June 2012, the program manager for the Colataggaprogram

stated that “the current dsamSSBNgwih 16 8hch-dametér misdilegub&3haid® r ep |l ac en
foot-diamater hull, electridrive propulsion, [an] Xstern,accommodations for 155 personnel, anda common

submarine radio rooitailoredto the SSBN mission"Da(v e Bi shop, “ Whad OV dJSsNavall | ow t he Of
Institute Proceedingslune 2012:31See al so Sam LaGrone and Richard Scott, “ St

Confront Cos-DQCGH¥ I|1Dern g@ BetEthpb2W11 RLQ dndIBhe 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.) The terstetn means thatthe steeringanddiving fins at the stern
of the ship are, when viewed from the reatthie diagonal pattern of the letter X, rather than the vertindlhorizontal
pattern of a plus sign (which is referredto as a cruciform st&hg.common submarine radio room is a standardized
(i.e., common) suite of submarine radio room equipmentisizgting installed on other U.S. Navy submarines.
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e Not meet survivability (stealth) requirements
drive tran able to quietly propela much larger ship

« Not -gseeavdilabidytrequirements 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 a wmentstiuato aldbnger rjife overigaul frefueling needed)
- Require a larger number of submarines to meet

e Reduce the deterrent value needed to protect
sea)

e Be mor e reothprealtersaiiveseuetolexensive redesign of Virginia systens
to work with the large missile compartment (for example, a taller sail, larger control
surfaces and more robustsupport systems)

We would be spending more money (on more ships) to dedigedeeterrence (reduced at
seawarhead presence) with less survivability (platforms thatare less stealthy).

Virginia-based SSBN design with a smaller missil&ome have encouraged the
development of a new, smaller missile to go with a Virgbas ed SSBNLhis would cany
forward many of the shortfalls of a Virginizased SSBN we just discussed, and add to it

a long list of newissues. Developing a new nuclear missile fromscratch with an industrial
base thatlast produced a new design more than 20 ygargald be challenging, costly

and require extensive testing. We deliberately decided to extend the life of the current
missile to decouple and disk the complex (and costly) missile development program
from the new replacement submarine program. Aalalitly, a smaller missile means a
shorteremployment range requiring longer SSBN patrol transits. This would compromise
survivability, require more submarines at sea and ultimately weaken our deterrence
effectiveness. With significant cost, technical aoldeslule risks, there is little about this
option that is attractive.

Ohio-based SSBN desigisome have argued that we should pen the Ohio production

line and resume building the Ohio design SSBNs. This simply cannot be done because
there is no Ohio pruction line. It has long since beertomled and modernized to buid
stateof-the-art Virginia-class SSNs using computerized designs and modular, automated
construction techniques. Is it desirable to redesign the Ohio so that a ship with its legacy
perfoomance could be built using the new production facilities? No, since arb@ted

SSBN would:

e Not provide the required quieting due to Ohio
instead of a propulsor (which is the standard for virtually all newrsuibes)

. Require 14 instead of 12 SSBNs by reverting
standards (incidentally creating other issues with the New START treaty limits)

e Suffer from reduced reliabilitggcyGhmd costs assc
systemcomponents

Once again, the end result would necessitate procuring more submarines (14) to provide
the required asea presence and each of themwould be less stealthy and less survivable
against foreseeable®2dentury threats.

The Right Answer: A new design SSBN that improves on Ohid/Vhat has emerged

from the Navy’'s exhaustive analysis is an Ohio
foundation of the proven performance of the Ohio SSBN, its Trident Il D5 strategic

weapons sy¥emand its operating cycle. To this it adds:

e« Enhanced stealth as necessary to pace emergingq
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e Systems commonality with Virginia (pumps, val
enabling costsavings in design, guoement, maintenance and logistics

eModul ar construction and use of COTS equipment
submarines to reduce the cost of fabrication, maintenance and modernization. Total

ownership cost reduction (for example, investinglife-of-the-ship reactor core enables

providing the same ategresence with fewer platforms).

Alt hough the Ohio replacement is a “new design,
bestlessons from50 years of underseadeterrence, fromther®mith € Virginia, from

advances in shipbuilding efficiency and maintenance, and from the stern realities of

needing to provide survivable nuclear deterrence. The result ist@&kwosteffective

platform capable of smoothly transitioning from the Ohind delivering effective 21

century undersea strategic deterrefice.

bt wYUBS wl Yw2+! , wBUEIT U
TUYDI P
MawWecideis@Cghumbiass iWhatlé SLBM t ubes amd her

s eevceirsaihoemdaNad @ t o r educ eagteh ep reosctui rmeanseen®t aovoest
ough 12 tiowaNhsdy yprtoagrgeem i Icloisotn oifn $BYH2®®R10 dol | a
rvers were conCelrinmidiwd hchltalsBse s ugpsng at her t h
te a risk tdat UoBcestmiagrtyi conhultave enough
nd to fully perform their deterrent role. T
t Treaty I|limiting strategic nuclear weapons

14 Trident SSBNs, each with 20 operable SLBM tub
rendered inoperBabtebesf owhaer €atalobhatsNa pyg oignr atnmh e
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95« Facts We Can Agree Upon About Design of Ohio Replacement S3BN Navy Li ve, accessed July 3
http://navylive.dodlive.mi201306/26factswe-canagreeuponaboutdesignof-ohio-replacemenssbn/

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 Reactors and Director, Naval Nuclear Propulsion, National
Nuclear Security Administratigmhen asked for examples cost efficiencies that are being pursued in his programs,
statedhe following

The—t he Ohi o replacement [ program] has been one that we’
for—for several years now. But in the name of the efficieacind one of the issues as we work

t hrough the Defense Department’s acquisition process, W
process that Dr. [Aston] Carter [the DOD acquisition executive] headed up.

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

concerned, one of the key decisions that was made-ttiatt helped usin that regardwas a

decision to go from 20 missile tubes to 16 missile tubes, because what that allowed us to do was to

down ratethe-thepropm| si on power t hat wasi th'ee dee ds malol [oerv]i otulsé vy, i
reactor that youwould need.

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

the ship] fell into the envelope where we could go baicll use componentsthatwe 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 the mechanical components, to use those over again.

And it enabled us to drive the dax that propulsion plant down and rely on proven technology

t hatp'usnps and valves and things |Iike that don’'t change |
So we're pretty comfortable putting that in ship that’ I
do that.

(Source: Transcript of hearing.)
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planning a force of 12 SSBNs teadadso, uiotrlals $6t habes
280 These observers also cited the uncertaintie
deterrent forces out QGol umbeiaay®eabscs@8th@&dyuyl wdenot he
service. Theswh eotbhseerr tehres Rabshknenth owai dt eh$ Blgbs ttuhbee s r a
than 20 was fully supported within all parts of
( STRATCOM)

I n response, Navy and other DOD ©d¢Ifudbasdssc st at e
with 16 tubes rather than 20 was carefully cons
with 16 tubes wildl give U.S. strategic nuclear
deterrent role in the 2030s and beyond.

31 U0UPOOOa wbOwl Y hh
At a March 1, 2011, hearing before the House Ar
RougheaG@hi etfheonf Nawsvaht@©pdet i 6o$s| owi ng:

I'm very comfortable with where we're going with SSEN The decision and the
recommendation that | madeith regard to the number of tubedaunch tubes are
consistentwith the new START treaty. Theyconsistentwith the missions that | see that
ship having to perform. And eventhough it may be characterized as a cost cutting measure,
| believe it sizes thehip for the missions it will perforf.

At a March 2, 2011, hear i
Services Committee, t he f

REPRESENTATIVE TURNER:

General Kehler, thank you so much for your corgththoughts and of course your
leadership. One itemthat we had a discussion onwas the triad, of lockinfttee Navy

and the tube reductions of 20to 16, as contained in other hearings on the Hilltoday. | would
like yourthoughts on the reduction béttubes and what you see driving that, how you see

it affecting our strategic posture and any other thoughts you have onthat?

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

Thankyou, Mr. Chairman. Well, first of all, sir, let rpay that the-in my mind anyway,

the discussion of Trident and Ohitass replacement is really a discussion in the contex

of the need to modernize the entire triad. And
us to recognize thatthatis oneqaean important piece, but a piece of the decision process

that we need to go through.

ng before the Strategi
oll owing exchange occu

Second, the issue ofthe number of tubes is not a simple dtakihite answer. So let me
just comment here fora minute.

First of all, the issuein my mind is the sanumber of tubes we wind up with at the end,
not so much as the number oftubes per submarine.

Second, the issue is, of course, we have flexibility and options with how many warheads
per missile per tube, so tdtlastmxgreeanother consi del

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 hataéning, et cetera.

97 Source: Transcript of hearing.
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And so those and many other factei® include a little bit of foresight here, in looking
ahead to 20 years fromnow in antisubmarine warfare environmentthatthe Navy willhave
to operatein, all ofthose bear onthe ultimate sigewhape configuration of a follemn

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 flexibility that | just laid out; given that this s an
element ofthe triadrad given thatwe 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 a submarine with 16 tubes.

I understand the reasons for wanting to I20vé understand the arguments that were made
ahead of me. But as | sit here today, giventhe totality of the discussierdahsaid, |

am not overly troubled by 16. Now, I don’'t know
otherside ofthe river yetith a final decision, but at this point, | am not overly troubled
by 16
At an April 5, 2011, hearing before the Strateg
Services Committee, the following exchange occu

REPRESENTATIVE LARSEN:

General Benedigcwe have had this discussion, not you and I, | am sorry. But the
subcommittee has had a discussionin the past with regards to thel&isioeplacement
program.

The new START, though, when it was negotiated, assumed a reduction from 24 missile
tubes pehole to, I think, a maximum a maximum of 20.

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

Can you discuss, for the subcommittee here, the
from 24 to 16 as opposéolthe max of 20?

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

Sir, as par—excuse me, as part of the wark for the milestone A [review for the
Columbia class progrdmwith Dr. Carter in OSD, SSP supported the extensnedysis at
both the OSD level as well as STRATCOM’' s anal ysi

Throughoutthat process, we provided, fromthe SWS [strategic weapon system] capability,
our perspective. Ultimately that was rolled up into both STRATCOM and OSD and senior
Navy leadership anth 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 seethe environment today can be met with 16.

And so, as theacquisitiond the SW'S provider, we are prepared to supportthatdecision
by leadership, sir.

REPRESENTATIVE LARSEN:
Yes.

And your analysis suppo#sdid your analysis that fed into this, did you look at specific
numbers then?

REARD ADMIRAL BENEDICT:

98 Source: Transcript of hearing.
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Sir, we lookedat the ability of the system, again, SSP does not look at specific targets
with...

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

Our input was the capability of the missile, the number-@fmey bodies and the throw
weight that weean provide againstthose targets and based on that analysis, the leadership
decision was 16, sif.

At an April 6, 2011, hearing before the Strateg
Services Committee, the following exchange occu
SENATOR SES®NS:

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

Whatisthebai s for the Navy’'s decision of 16?7 And | ' m
will that decisionimpact the overall nuclear force structure associated with the command?

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

Yes,si . SSP supported the Navy analysis, STRATCOM
analysis, as we proceeded forward and towards the Milestone A decision(riuthmbia
class prograithat Dr. Carter conducted.

Based on our input, which was the technical irgsithe—as the director of SSP, other
factors were considered, as you stated. Cost was one of them. But as the secretary, as the
CNO, and Ithink as General Kehler submitted in their testimony, that given the threats that
we see today, giventhe missiontthva see today, given the upload capability of thg D

and given the environment as they sawtoday, all three ofthose leaders were comfortable
with the decision to proceed forward with 16 tubes, sir.

SENATOR SESSIONS:

And is that represent your judgm@nfo what extent were you involvedvere you
involved in that?

REAR ADMIRAL BENEDICT:

Sir, we were involved fromtechnical aspects in terms of the capability of the missile itsef,

what we can throw, our range, our capability. And based on what we umddh&a

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

Program, as the director of%SSP I'"m comfortable

21 EUPOOwWI KI wil xOUuU
Section 242 of the FY2012 MNaR.i tha4-8BR&Pense Auth
December 31dD@D1t10 s elgmi tCod unoddpaasrst tpanno ¢ rhaem

includes, among other things, an assessment of
numrs of SLBM |l aunch tubes per boat. The text o

99 Source: Transcript of hearing.
100 5ource: Transcript of hearing.
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SEC. 242. REPORT AND COST ASSESSMENT OF OPTIONS FOR GEIASS
REPLACEMENT BALLISTIC MISSILE SUBMARINE.

(a) Report RequiredNot later than 180 days after the date of the enactment of this Act, the
Secretary ofthe Navy and the Commander of the United States Strategic Command shal
jointly submit to the congressional defense committeepart on each of the options
described in subsection (b) to replace the @fass ballistic submarine program. The
report shallinclude the following:

(1) An assessment of the procurement cost and totalffée 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
enactmentofthis Act; and

(B) any expected changes in such requirements.
(3) An assessment of the ability for eactiopto meet—

(A) the nuclear employmentand planning guidancein place as ofthe 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
changesin the threatand strategic environment.

(b) Options Considere@he options described in this subsection to replace theddk®
ballistic submarine programeas follows:

(1) Afleet 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 missile tubes 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) shallbe submitted in unclassified form,
but may include a classified annex.

Subsection (c) é&asbhoavlel sbteauseush miststiefde@anrftor m, but
classif’ied annex.

The report as submitted was -pagmauntyasbeéefckedss
summary, the text of which is as follows (under

The National Defense AuthorizatiorcA(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 congressional defense committees
comparing four different options for the OHIO Replacem@R)(fleet ballistic missile
submarine (SSBN) program. Our assessment considered the current operatonal
requirements and guidance. Thefour SSBN options analyzed were:

1. 12 SSBNs with 16 missile tubes each
2. 10 SSBNs with 20 missile tubes each
3. 10 SSBs with 16 missile tubes each
4. 8 SSBNs with 20 missile tubes each
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The SSBN force continues to be an integral part of our nuclear Triad and contributes to

deterrence through an assured second strike capability that is survivable, reliable, and
credible. he number of SSBNs and their combined missile tube capacity are important

factors in our flexibility to respondto changes in the threatand uncertainty in the strategic

environment.

We assessed each option against the ability to meet nuclear employrigridaning
guidance, ability to satisfy &tea requirements, flexibility to respond to future changes in
the postulated threat and strategic environment, and cost. In general, options with more
SSBNs can be adjusted downward in response to a diministezd; thowever, options

with less SSBNs are more difficult to adjust upward in responseto a growing threat.

Clearly, a smaller SSBN force would be less expensive than a larger force, but for the

reduced force options we assessed, they failto meet catrssa and nuclear employment

requirements, increase risk in force survivability, and limit flexibility in response to an

uncertain strategic futur@ur assessment is the program of record  SBNS with 16

missile tubes eacprovides the bestbalanogperformance, flexibility, and cost meeting
commander’'s requirements while supporting the
goals and objectives

The classified annexcontains detailed analysis that is notreleasable to th€public.

101 Report and Cost Assessment of Options for OHli@ss Replacement Ballistic Missile Subinas Unclassified
Summary received from Navy Legislative Affairs Office, August 24, 2012. See also Christopher J. Castelli,
“Classified Navy Assessment On [IBSd:khe MayySetemdar 10s2052. Pr ogr am Of
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The text of 10 U. S. C. 2218a, as amended, i's as

§2218a. National SeBased Deterrence Fund

(a) EstablishmeniThere is established in the Treasury of the United States a fund to be
known as théNational SeeBased Deterrence Fuhd

(b) Administration of FundT he Secretary of Defense shalladminister the Fund consistent
with the provisions of this section.

(c) Fund Purpose$l) Funds in the Fund shall be available for obligationeapéndiure
only for construction (including design of vessels), purchase, alteration, and conversion of
national sedased deterrence vessels.

(2) Funds in the Fund may not be used for a purpose or program unless the purpose or
programis authorized banlv.

(d) DepositsThere shallbe deposited in the Fund all funds appropriated to the Department
of Defense for construction (including design of vessels), purchase, alteration, and
conversion of national sdased deterrence vessels.

(e) BExpiration of Fund After 5 YearsNo part of an appropriation that is deposited in the
Fund pursuantto subsection (d) shallremain available for obligation more than five years
afterthe end offiscal year for which appropriated exceptto the extent specifically provided
by law.

() Authority to Enter Into Economic Order Quantity Contrati3.The Secretary of the

Navy may use funds deposited in the Fund to enter into contracts knden@®mic

order quantity contractawith private shipyards and other commercial or gmment

entities to achieve economic efficiencies based on production economies for major
components or subsystems. The authority under this subsection extends to the procurement
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of parts, components, and systems (including weapon systems) common wetbened
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 lityadfbi
appropriations for that purpose, and that total liability to the Government for termination
ofany contractenteredinto shall be limited to the total amount of funding obligated at time
of termination.

(9) Authority to Begin Manufacturing and Fadation Efforts Prior to Ship Authorizatien.

(1) The Secretary of the Navy may use funds deposited intothe Fund to enter into contracts
foradvance construction of national dessed deterrence vessels to support achieving cost
savings through workload magement, manufacturing efficiencies, or workforce stability,

or to phase fabrication activities within shipyard and managetisumanufacturer
capacity.

(2) A contract entered into under paragraph (1) shall provide that any obligation of the
United Staés to make a payment under the contract is subject to the availability of
appropriations for that purpose, and that total liability to the Government for termination
ofany contractentered into shall be limited to the total amount of funding oblig &ite=l at

of termination.

(h) Authority to Use Incremental Funding to Enter Into Contracts for Certain Hgms.

The Secretary of the Navy may use funds deposited into the Fund to enter into
incrementally funded contracts for advance procurement of high \lahgelead time

items for nuclear powered vessels to better support construction schedules and achievecost
savings through schedule reductions and properly phased installment payments.

(2) A contract entered into under paragraph (1) shall provide thatlaligwtion 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 Government for termination
of any contract entered into shallbe limited to the toalant of funding obligated at time

of termination.

() Authority for Multiyear Procurement of Critical Components to Support Continuous
Production(1) To implement the continuous production of critical components, the
Secretary of the Navy may use fundspdsited in the Fund, in conjunction with funds
appropriated for the procurement of other nuefearered vessels, to enter into one or
more multiyear contracts (including economic ordering quantity contracts), for the
procurement of critical contractfuirnished and Governmehftrnished components for
critical components of national séased deterrence vessels. The authority under this
subsection extends to the procurement of equivalent critical components common with and
required for other nuclegrowerel vessels.

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

(3) Any contractentered into purstigm paragraph (1) shall provide thatany obligation of
the United States to make a payment under 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 contict shall be limited to the totalamount of funding obligated for the
contractas ofthe date ofthe termination.

() Budget RequestBudget requests submitted to Congress forthe Fund shall separately
identify the amount requested for programs, projesmsl activities for construction
(including design of vessels), purchase, alteration, and conversion of naticbaseea
deterrence vessels.

(k) Definitions-In this section:
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(1) The term“Fund’ means the National Sé&ased Deterrence Fund established by
subsection (a).

(2) The term“national sedased deterrence ves'seleans any submersible vessel
constructed or purchased after fiscal year 2016 that is owned, operated, or controlied by
the Department of Defense and that carries operational intercdatibelistic missiles.

(3) The ternicritical componeritmeans any ofthe following:
(A) A common missile compartment component.
(B) A spherical air flask.

(C) An airinduction diesel exhaustvalve.

(D) An auxiliary seawater valve.

(E) A hovering valve.

(F) A missile compensation valve.

(G) A main seawater valve.

(H) A launch tube.

() A trash disposal unit.

(J) A logistics escape trunk.

(K) A torpedotube.

(L) Aweapons shipping cradle weldment.

(M) A control surface.

(N) A launchercomponent.

(O) A propulsor.
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spending among various BMD pr ogr anish emoursee voifsi bl
BMD funding.
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program may have on funding availsaltlieeni pr ogmiamg
T A principal apparent intent in creating the
coming years for other Navy progr ams, and pa
programs othercktaasw phegCamumbyaplacing fund
Columbiass program in a |location within the L
from t'sesKHapypuilding 'scbowdaget aind ddree Nalv.y
Referring to the fund as a nadtsilbbmagef und and
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T The acquisition authorities in subsections
which werR l1lalddaend®. hy328 £ ould marginally redu
procurement cost<€|lafssndtoadrsl,y bQuotl vanhbsioa ot her
powered shipscl asuuthc &ssVibmairninegs and Ger al d
(CVN8) <class aircraft carriers, by increasin
production of ship components and better opt

The joint explanatory statdameéemtorfigti PadiRaY2016
11-9df November 25, 2015) dir eadeui DIODIi dm sturbant ¢
buildclChsso replacement submarines that will | eve
provided in .tAhmon[gNSBhF]r .t.hings,“anfheaddpbdbr onalas
authorities the Secnreetdarty [mafk eDenfaonlrmegsedmema  of t h
replacement 'HéTrhee eNafviyc iseunbtmi.t.t.ed t he report on /
states in part that

the high cost for this unique, next generation strategic deterrent requires extraordinary

measureso ensure its affordability. Further, procuring 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
risk, the Navy proposes to leverage those authorities provided by the NatioBal<®ela

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

practices onthis critical program....

... the Navy is continuing to identify opportunittedurther acquisition efficiency, reduce
schedule risk, and improve programaffordability. Most notably in this regard, the Navy is
currently assessing [the concept of] Continuous Production [for producing components of
Columbiaclass boats more efficiegtthan currently scheduled] and will keep Congress

102 3oint explanatory statesmt forH.R. 1735 p. 165 (PDF page 166 of 542). Following the vetéld®. 1735 a
modified bill, S. 1356 was passed and enactedinto law. Except for the pagtd8bahat differ fromH.R. 1735the
joint explanatory statement fét.R. 1735n effect serves as the joint explanatory statemer$f@B856
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informed as we quantify the benefits of this and other initiatives that promise substantial
savings....

... the Navy’'s initial assessment is that the a
this report] will be essential to achieving the reductions to acquisition cost and schedule
risk that are so critical to success onthe OR program....

Section 1022 ofthe FY2016 NDAA authorized the use of funds in the NSBDF to enter into
contracts for EOQ [Eamomic Order Quantity purchases of materials 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 exeding the OR acquisition strategy. The Navy is able to take advantage of
these authorities largely due to howits submarine shipbuilding plan is phased....

Economic Order Quantity contracts provide substantial cost savings to the Navy from
procuringmaterials and equipment in bulk quantities. In addition 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
contractactions ith VCS [Virginia-class submarine] Block V [boats]and CVN [nuclear
powered aircraft carriers]....

Advance Construction is the authority to begin [shipyard] construction [work] in fiscal
years of AP [advance procurement] budgetrequests prior to thefdihfg/authorization

year of a hull. Early manufacturing activities help retire construction risk foxffratkind
efforts, ease transition from design to production, and provide efficiencies in shipyard
construction workload. Advance Construction woaltbw 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 enterinto incrementally funded
procurements forlong lead componentd graploy 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 Contifuodisction. Procuring
components and systems necessary for Continuous Production lines [as opposed to
production lines that experience periods during which they are without work] would
provide opportunities for savings through manufacturing efficienciesreased
[productionline] learning and the retention 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 y&mayear funding spike. To execute
Continuous Production, the Navy 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 throughi@ws

Production lines have been identified as the most efficient and affordable procurement

strategy...Missile Tube Continuous Production could achieve an average reduction of 25

percentin Missile Tube procurement costs across the [Columbia] Ceese $avings are

compared to [the] single shipset procurement costs [that are] included in the PB17 PoR

[the program of record reflected in the Presideai

The Navy estimates that procuring Missile Tube Modules in ContimBeoduction lines

would result in a cumulative one year schedule reduction in Missile Tube Module

manufacturing for the OR Class. This schedule reduction, on a potential critical path

assembly, would reduce ship delivery risk and increase schedule fiearipitow 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 percentcompared to single gtapsegment costs

included in the PB17 PoR. Executing Continuous Production of Missile Tubes or Missie

Tube Modules requiresqgeh asing of funding from outside the
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Defense Program (FYDP) [to years that are within the FYDP] but reaidigmificant

overall program reductions. The Navy is evaluating additional Continuous Production
opportunities for nuclear and nouclear components with common vendors required for
VIRGINIA Class submarines and FORD Class aircraft carriers. Some exanples
spherical air flasks, hull valves, pressure hull hemi heads, bow domes, castings, and
torpedo tubes. The prerequisite to Continuous Production in each ofthese cases would be
an affirmation of design stability consistent with completion of firtitle testing, or its
equivalent....

The Navy’'s position on the cost benefits of th
However, the Congressional Budget Office stated isi®@ D O\VLYVY RI WKH 1DY\fV )<

ShipbuildingPlan “ . . . t h e aliNsave geverathundrdd miliontd @larstpér
submarine by purchasing components and materials for several submarines at the same
time.” ... The Navy'’'s initial cost analysis alic¢

reductions fromemploying these acqiggi authorities will be further evaluated tosupport
the Navy's updated OR Milestone B cost estimate

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

approved the OR Program Acquisition Strategy onuday 4, 2016. This strategy

emphasizes using alternative acquisition tools and grfagferm contracting to reduce

schedule risk and | ower costs in support of the

To reduce costs and help alleviate fiscal pressures, thyewhwork 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 evaluated to supporttheNa’ s updat ed OR Mil estone
estimate in August 2016 These authorities are needed with the Nationalfzsad

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

appropriations accounts. Together, these acquisiiols will allow the Navy, and the

shipbuilders, toimplement the procurement strategy which willreduce total OR acquisition

costs and shorten construction schedules for a programwith no margin fof’delay.
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Ronald O'Rourke
Specialist in Naval Affairs

103.S. NavyReportto Congress on Ohio Replacement Acquisition Strategy and NationBbSed Deterrence
Fund AccountabilityApril 2016, with cover letters dated April 18, 2016, pg8.1
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