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Chairman, Committee on Armed Services Avail and I or
House of Representatives Special

Dlear Mir. Chairmn:av

In response to your request, we have reviewed the Navy's rationale for
procuring its planned number of MK-6 guidance systems for the Trident H1
submarine's 1-B missile. Our review focused on determining (1) the Navy's
basis for computing its total program inventory objective for the guidance
systems and (2) the effect that a reduction in this inventory objective
would have on the overall reliability of the D-5 missile.

On April 29,1994, we provided yox office preliminary information on the
results of our review. This report summarizes and supplements that
information.

Background The Navy plans to have 10 Trident II submarines by the end of fiscal year
1997. Currently, it has six operational Trident II submarines and four
others are under construction. Each Trident H submarine carries 24 D-5
missiles. Each D-5 missile is equipped with the MK-6 guidance system,
which is comprised of an inertial measurement unit and an electronics
assembly. The inertial measurement unit senses velocity and direction and
relays this data to the electronics assembly, which issues flight control
commands to the missile.

The Navy maintains spare MK-6 guidance systems onboard each
submarine and in its logistics pipeline for test and maintenance purposes.
The inventory objective is 570 inertial measurement units and 562
electronics assemblies. Through fiscal year 1994, the Navy had procured
525 inertial measurement units and 511 electronics assemblies. To meet its
inventory objectives, the Navy plans to procure 45 additional inertial
measurement units and 51 additional electronics assemblies before the
guidance system acquisition program is completed. According to Navy
officials, in fiscal year 1995 and beyond, $318.2 million will be required to
meet its guidance system inventory objectives. Appendix I provides
additional information on the submarine-launched ballistic missile
program and guidance system requirements.
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Results in Brief The Navy's MM guidance system inventory objectives are based on
maintaining the M-5 missile system at the same high levels of readiness and
reliability throughout the remaining 33 years of the Trident U program's
life that we originally established between 1986 and 1987, during the
Cold War era. To maintain these high readiness and reliability rates, the
Navy calculated its program needs using methods that provided it with the
highest number of MK-6 spares that might be needed at any time during
the program.

The Navy carries six spare MK6s onboard each patrolling submarine. Our
analysis indicates that having three onboard spares would decrease the
guidance system's operational readiness by only 3 percent (from 0.99979
to 0.96935) and having four onboard spares would result in only a
0.66-percent decrease (from 0.99979 to 0.99318). These decreases in MK-6
guidance system operational readiness would have a minimal effect on the
overall D-5 missile system's operational readiness and reliability levels. A
slight reduction in current operational readiness and reliability rates to
levels that would allow for three onboard MK-6 spares would save
approximately $159 million. Reductions allowing for four onboard MK-6
spares would save approximately $106 million. In addition, depending on
the nmgnitude of inventory reductions, current readiness and reliability
levels may be reduced for only a few years around the time that program
needs are expected to be at their highest. In view of the break up of the
Warsaw Pact and the Soviet Union, which ended the Cold War era, Trident
missile and guidance system operational experience to date, the current
budget environment, and the millions of dollars that could be saved if
fewer MK-6s had to be procured, we believe the Department of Defense
should consider whether slight reductions in readiness and reliability are
acceptable.

Navy's Calculation of The Navy calculated its Trdent " MK-6 guidance system inventory
objectives by projecting the number of electronics assemblies and inertial

Program Needs measurement units required to maintain the readiness and reliability goals,
established during the 1986-1987 time frame, through the years when
program needs are expected to peak' and through the remainder of the
program's currently projected 38-year life (1990 through 2027). Navy
officials told us that it is difficult to predict spares requirements for the
program's life through the year 2027. Performance data are available for
only 3 percent of the Trident 11 program's projected life, the Navy has no

The Navy expects peak requirements to occur in the year 2018, when eigt submarInes are deployed
and two othem are bein overhauled and refueled
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experience maintaining a submarine-launched ballistic missile program for
more than 20 years, unforeseen engineering challenges could arise, and
the world threat could change. Despite these planning challenges requiring
decisionmakers to make many assumptions about the future, all systems
must be procured in the next few years to maintain continuous
production.

The Navy's calculations included MK-6s (1) in missiles onboard deployed
submarines; (2) already expended in missile test firings and planned to be
expended in test firings through the life of the program;2 (3) carried
onboard submarines as spares and spares kept at the Strategic Weapons
Facift (4) used by contractors, designers, technicians, and shipyards for
test purposes; (5) in the repair pipeline; and (6) discarded because they
were no longer repairable. The Navy used past program experience,
statistical analyses, and engineering judgment to develop its inventory
objective& The Navy's projected MK-6 guidance system needs are shown
in table 1.

2M•idle test ftrinp include the Commamnr In Chief Evaluation Teat (CET) pmcpm of 28 initial
mle flight tes the Follow-on CET (FCET) progam in which 6 mndm m' flisht weeO each
promV=par, amd Dmmiwraon and smedown Opemion (DASO) tems tht am conducted when
submarIn m conunidmoned or complete a maJor ovehuL
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TaIe 1: Pi inC-S Guldunce
Syolnm Needs at Pop mf' eak diita

Requbem s In th yw 0 2016 (S dplaoyed Elwetron meaemn td
aub"mnm ) wdbankm unis
In missiles onboard submarines (24 per vessel) 192 192

Spare systems onboard submarines (6 per vessel) 48 48

Expended in missile test firings (CETs. FCETs. and
DASOs) 201 201

Used for production acceptance testing (1 per
contractor per production year) 17 17

Strategic Weapons Facility
(needed to replace faulty systems on submarines
returning from patrol) 12 12

Electronic assemblies used to test inertial
measurement units at the contractor, the design
agent, and other test sites (inertial measurement
units are not required for testing electronics
assemblies) 10 0

Used by shipyards to test submarine systems after
construction or overhaul (no longer tactical assets) 10 10

Repair pipeline (undergoing repair, safety level, and
in transit between the Strategic Weapons Facility
and the repair facility) 43 61

Nonrepairable (estimated at about I per program
year based on MK-5 experience) 29 29
Told 562 570

Fewer Than Six The Navy calculated that each patrolling submarine must carry six spare
0MK-6 guidance systems to ensure that there is essentially a 100-percent

Spares May Be probability that all missies' guidance systems will be operationally ready if

Sufficient Onboard called upon for launch. Operational readiness is the prime element of

overall system reliability9 as the missile's performance is inconsequential if
Submarnes it is not firt operationally ready. Our calculations show that current

operational readiness goals can be met with four onboard spares and
minimum weapon system reliability goals can be met with three. Our
review indicates that fewer than six spares would be sufficient onboard
Trident II submarines for the following reasons

Weapons system reliability requirements, established between 1986 and
1987 during the Cold War era, need to be re-evaluated in light of the
current world environment.

3Overall wespon system t•ebilty Is dependent on the level of operational readinms humch, and flight
reliabl•t achieved for a number of dte wespon's subsystens, includin, but not ldnted to, guidance,
mmile purfomance, fte contr, naitom and shp support.
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* Current onboard MK-6 spares' requirements provide overall system
reliability levels that are higher than the Navy's minimum reliability goals
set during the Trident IUs milestone MI review (approval to proceed into
full-rate production).

* In the past 2 years, there have been no Trdent II patrols during which
more than three MK-6 spares were needed. Of the 28 Trident H patrols
during this period, 20 patrols had no MK-6 failures, 5 patrols had 1 MK-6
failure, 2 patrols had 2 MK-6 failures, and I patrol had 3 MK-6 failures.

* The Trident I operational experience shows that the Navy usually carried
at least twice as many spare guidance systems as were needed. Of the 647
Trident I patrols, 643 had 2 or fewer guidance system failures, 3 had 3, and
only I had 4 failures. While we recognize that there are technical
differences between Trident I and Trident H guidance systems and that
Trident I performance may not be indicative of Trident H performance, the
Navy uses the same methodology for computing spare guidance system
requirements for both Trident I and Trident H systems.

Program office officials told us that their MK-6 guidance system inventory
objectives are based on meeting overall weapon system operational
readiness and reliability goals set by the Department of Defense. Any
reductions in these goals would have to made by the Depaqtent of
Defense.

Appendix H provides additional information on the Navy's computation of
onboard spares and our analysis of its requirements.

Ra We recommend that the Secretary of Defense consider whether someRecommendation slight reductions in the operational readiness and reliability goals

established in the 1986-1987 time frame during the Cold War era are
acceptable, in view of the threats that exist in the world today since the
break up of the Soviet Union. If these reductions are acceptable, we also
recommend that the Secretary reduce the number of additional MK-6
guidance systems to be procured. (See table IL2 for potential savings that
could be realized under various options for reducing the Navy's current
inventory objectives.)

Agency Comments The Department of Defense concurred with our recommendation that a
study should be performed to determine whether the current Trdent U
weapon system readiness goals remain appropriate, in light of the changes
that have taken place in the world's political composition and threat The
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Department of Defense stated that as a result of this assessment, the
number of spare MK-6 guidance systems ultimately procured might be
reduced. The Department's comments are included in their entirety in
appendix m.

Scope and In performing our review, we interviewed officials and reviewed
documents at the U.S. Strategic Command, Omaha, Nebraska; the

Methodology of Defense's Office of Strategic Forces and Operations; the
Navy's Submarine Warfare Division; Strategic Systems Program Office,
Arlington, Virginia; Submarine Force, U.S. Atlantic Fleet, Norfolc, Virginia;
and the Strategic Systems Office, Submarine Force, U.S. Pacific Fleet,
Pearl Harbor, HawaiL We performed our review from January through
May 1994 in accordance with generally accepted government auditing
standards

Unless you publicly announce its contents earlier, we plan no further
distribution of this report until 15 days after its issue date. At that time, we
will send copies to the appropriate congressional committees and the
Secretaries of Defense and the Navy. We will also make copies available to
others on request.

Please contact me at (202) 512-4841 if you or your staff have any questions
concerning this report. Major contributors to this report are listed in
appendix IV.

Sincerely yours,

Louis J. Rodrigues
Director, Systems Development

and Production Issues
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5ubmarine-Launched Ballistic Missile
Srograim and Its Changing Guidance System
Requirements

)ubmarine-Launched Throughout the Cold War, the submarine-launched ballistic missile
program provided a nuclear deterrence. Successive generations of

lallistic Missile submarines, missiles, and guidance systems, including the Polaris,
3 rograM• Poseidon, Trident I, and Trident UI systems, provided improved accuracy,

range, survivability, and destructive power.

Despite the end of the Cold War, submarine-launched ballistic missile
patrols continue. The Department of Defense contends that the primary
threat that must be deterred continues to be the destructive capability of
Russian strategic forces, and that the United States must maintain its
nuclear forces to deter the full scope of threats to the United States and its
allies

The current submarine-launched ballistic missile program consists of eight
Trident I submarines carrying C-4 missiles equipped with MK-5 guidance
systems and six Trident U submarines carrying D-5 missiles equipped with
MK-6 guidance systems. Four more Trident 11 submarines will enter the
fleet by 1997. Currently, the Navy has no plans to develop systems to
eventually replace the Trident Us, which entered the fleet in 1989 and will
be maintained until the year 2027 when the last Trident II is expected to be
retired.

While on patrol, Trident submarines sustain the survivability of their
ballistic missiles by remaining undetected. Opportunities for detection are
minimized by virtually excluding outgoing communication and remaining
submerged. Surfacing for medical emergencies or compelling
humanitarian reasons, such as attending to a death in the family, are
permitted.

P C e•WO° hanges In its fiscal year 1994 budget plans, the Navy reduced its D-5 missile and
MK-6 guidance system inventory objectives, when a decision to backfit the

Reduce Guidance Trident I fleet with Trident U missiles and guidance systems was

System Inventory postponed. In its fiscal year 1995 plans, inventory objectives were reduced
bj 'ectves, further. These recent reductions are primarily the result of (1) the

anticipated cancellation of the submarines' first scheduled overhaul and,
therefore, a reduction in total program Demonstration and Shakedown
Operations flight tests (plans had called for one overhaul after 12 years of
operation and a second, to replace the nuclear core, after 20 years); (2) a
decrease in the number of electronics assemblies reserved for use by
repair, design, and test facilities inspecting inertial measurement units; and
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(3) a decrease in the number of inertial measurement units forecast to be
in the repair pipeline.

Table LI reflects changes in the Navy's Trident II inventory objectives
since fiscal year 1993.

Table LI: Clong.. In Trident I
ivenlwty ocubleov kwentory obaocUve

MKC4 elleetrocs MK4
Fiscal yew D-5 nisdlem A .,nbis mesar units
1993 779 892 940
1994 428 596 620
1995 389 562 570

Table L2 shows the Navy's plans for reaching its guidance system
inventory objectives.

Tale M Gukdnce Systmn
P.ummemont Prm Elestromns kwrtd mourement

N imlsbe units
Delivered as of December 1993 383 386

Procured through fiscal year 1994, but not
yet delivered 128 139
Procurement plans for fiscal year 1995 30 30
Procurement plans for fiscal year 1996 and
beyonda 21 15
Inventory objectives 562 570
OThe President's fiscal year 1995 budget did not include advanced procurement funding for a
fiscal year 1996 guidance system buy, because the Navy is contemplating a new procurement
strategy aimed at preserving the industrial base. It has not completed procurement plans for
fiscal year 1996 and beyond.
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Appendix H

Our Analysis of the Navy's Rationale for
Onboard Spare Requirements

According to Navy officials, underway replenishment of guidance systems
is impractical; therefore, submarines on patrol must carry adequate spare
guidance systems. Navy officials told us that returning to the Strategic
Weapons Facility to receive additional spares or continuing to patrol with
a reduced number of operational missiles could reduce target coverage.
The submarine's crew does not have the technical expertise or equipment
to repair the units onboard. When either a faulty electronics assembly or
inertial measurement unit is identified it is removed and replaced. All
guidance system repairs are done on shore by contractors.

The number of spare MK-6 guidance systems needed onboard a patrolling
submarine was calculated based on the average number of inertial
measurement unit failures per patrol, per quarter, over the past 2 years.
Navy officials chose this method, claiming that it (1) weights all patrols
equally regardless of length, (2) provides a conservative figure, and (3) has
proven successful in estimating spares for prior programs such as the
Trident L The Navy's guidance system operational readiness goal is to
have adequate spares available 99.9 percent of the time. The Navy also
included a 99-percent confidence level factor in its calculations because,
according to Navy officials, it provided a higher, more conservative result
that helps ensure that sufficient spares will be available even in the event
of unforeseen future system problems. Based on this methodology, the
Navy calculated that six spare guidance systems are required on each
submarine.

We requested that the Navy use the methodology described above to
calculate the guidance system's operational readiness levels that could be
achieved with incremental reductions to the number of spare MK-6
guidance systems onboard the submarines. The results of these
computations are shown in table H.l.

Table Li: Guidmnce System
Opermtionl RBuiness Levels Number of MK-6 Probability of having sufficient spare MK-ft
Acieved With Six or Fewer Onboerd spares carried (operational readiness levels)
Speres 6 0.99979

5 0.99872
4 0.99318
3 0.96935
2 0.88740
1 0.67602
0 0.31253

Page 12 GA.O/NSAD-94-192 Trident II
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The Navy's guidance system operational readiness goal is also a factor in
ensuring that the overall weapon system maintains a specific reliability
rate. The Navy committed to maintaining an overall weapon system
reliability level in 1987, during the Trident II program's milestone III
review. Navy officials told us that to ensure that this overall weapon
system reliability level is maintained, all subsystems, including guidance
systems, are required to achieve very high levels of individual readiness
and reliability resulting in a total system reliability rate 5 percent higher
than the minimum rate agreed to at the milestone MI review. This higher
goal can only be achieved if the guidance system's operational readiness
level is maintained at essentially 100 percent

Navy officials acknowledged that the results of their guidance system
failure rate analysis would be more accurate if more data were available,
but given the newness of the program and because procurement must be
completed in the next few years, this analysis at least provides an estimate
for planning purposes. However, it should be noted that even though this
data was taken from a small population size, the Navy used it to calculate
the guidance system's operational readiness level with extreme precision.
For example, as shown in table IL 1, a difference in the guidance system's
operational readiness level of 0.001 is considered significant enough to
justify six onboard spares rather than five.

Trident I Patrols The Navy is using the same method for estimating Trident 11 onboard MK-6
spares that it used to estimate Trident I onboard MK-5 spare& According

Experienced Few to Navy officials, this method has been successful as no Trident patrol has

Failures ever had more failures than it has had spare& However, this method often
provided patrols at least twice as many spare guidance systems as were
ever actually needed. Onboard spare requirements for Trident I
submarines have ranged from six at the beginning of the program to a
current requirement for four. Onboard requirements for Poseidon
submarines carrying Trident I missiles have ranged from six to three
depending on the reliability of the system and availability of spares.
However, of the 647 combined Trident I patrols (Trident I and Poseidon
submarines carrying Trident I missiles), 643 patrols had 2 or fewer
failures, 3 patrols had 3 failures, and only I patrol had 4 failures.

Page is GAOMNIAD-94-192 Trident Ii



AWOemflt U
Our Aradlias of t* Nay Rationale for
Ombeard Spe llthqukemems

Savings Resulting Table 1L2 provides cost savings resulting from inventory reductions based

From Lower Onboard on changes to onboard spare requirements.

Spare Requirements

Table 12: Poteftea SaWing From Reduced Onboard MK4 Sparm and WmInetory Obectives
Dollars in millions

System required In fiscal
System. required in fiscal year 199 and out yeas

Reduconoin Torts number of systms year 19S under spare under spa reduction
-udm sof aw planned reduction -ywi OPlio

Nunmbe of from current WNeWia inert"lieta
nboerd Imento•yfor2018 Elcronic measurement Electoic megsueOmn Electronics Vme m ent Poential
pare prgram pek" asemblies unit aseemblies units assumdlies units sa~vngs'

6 0 51 45 30 30 21 15 $0
5 8 43 37 30 30 13 7 53.0
4 16 35 29 30 29 5 0 106.1
3 24 27 21 27 21 0 0 159.1
2 32 19 13 19 13 0 0 212.2
1 40 11 5 11 5 0 0 265.2
0 48 3 0 3 0 0 0 318.2

'A guidance set includes one electronics assembly and one inertial measurement unit. Eight
submarines will be deployed in the year 2018.

hFunding for 30 electronics assemblies and 30 inertial measurement units has been requested

Procurement of 21 electronics assemblies and 15 inertial measurement units is planned.

"Based on fiscal year 1995 budget figures of $6.63 million per guidance set (total cost. less
advance procurement in prior years.)
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Comments From the Department of Defense

Note: GAO comments
supplementing those in the
report text appear at the
end of this appendix. OFFICE OFTEUDR ERr1 O EES

WASOINGTO#4 GC 11=1-000 1

June 22, 1994

Mr. Frank C. Conahan
Assistant Comptroller General
National Security and Intenaiomal

Affairs Diiso
U. S. General Acconing Office

Washington, D.C. 20548

Dear Mr. Conahan:

This is the Department of Defense (DoD) response to the General Accounting
Office (GAO) draft report, TRIDENT 11: Spare MK-6 Guidance Systems for Missiles
Can Be Reduced," dated June 3,1994 (GAO Code 707025), OSD Case 9700. The DoD
partially concurs with the report.

See comment 1. The DoD does not concur with the implication contained in the title of the GAO
draft report. The DoD agrees there is a possibility that the MK-6 guidance system
inventory could be reduced if performance requirements are relaxed. However, further
analysis is required before that decision can be made.

The DoD does not concur with the GAO use of the phrase "Cold War" as the basis
for current weapon system reliability requirements. It is the DoD position that the
readiness and reliability requirements for U.S. strategic nuclear forces are noa based on the
existence of a political relationship known as the Cold War. Rather, they are based on the
capabilities posed by the then-Soviet, and now Russian. strategic nuclear forces. The
capabilites of those forces have not significantly changed, in spite of the changing
political relationships.

The Trident fleet will be the backbone of the U.S. deterrent force well into the next
century, in spite of the changing world environment. The submarines maintain their
deterrent posture by operating in a survivable mode and by being able to threaten a
devastating retaliatory attack in response to a massive strategic nuclear first strike. Ifa
submarine did not have enough spare guidance sets on board to replace all that migt fail,
the United States could be laced with a shortage of retaliatory weapons. While the
political relationship with Russia has recently improved, the United States should be able
to strengthen its posture if the relationship deteriorates in the fiture, or if new strategic
challenges arise. Because it would be neither cost effective nor timnely to reestablish a
production line for the guidance sets if the political relationship deteriorates sometime

0

Page is GMY3V~6IAD-4-1992 Trident HI



Agmeridix Ml
Cm~ta From the DeParIec Of Dehm

during the lifetime of the Trident sumaanarnes and Trident 11 missiles (which could be as
king as 4 0 yems) it is .semyto ensure that enough guidance aete are produced now to
meet that condmny.

The DoD does concur with the CIAO recoumenadatio that a study should be
peifbrmead to determine whethe the current TIUDENT H weapon system, readiness goals

reanappropriate at light ofithe changes tha harve taken place in the world political
coniosson and durest capability. As a result oftriet asusament the ofnhe aon-boad

spere PK-6 guidance systemns ultimaely procured might be reduced. However it is
uudikely that the results of that review wil change the quantity of P.0(6 guidace systems
to be procured in FY 1995. as called for by the FY 1995 President's Budget submission.
A one4hird reductisa the unuber of on-board l:paesfti..six to fowrwould Areduceth
total inventory objective by 20, which is essetiall the quantity progusanmed to be
procured.i FY 1996 and beyond (as dispaye sn Appendix 11 of the GAO draft report).
The DoD will complete this stud afte the Nuclear Posture Review -dinaine-launched
ballisti minisll force structure determination, in time to support the FY 1996 budget

sbission.

The detailed DoD coniment on dhe draft report findings and recommnendations are
provided in the enclosure. Suggested technical changes were sparately, provided to the
GAOM s tafTe DoDapopreciaes the opportunity to com n on the GAOdrha r~eport

George f. Schneiter
Director,
Strategic and Space Systems

Enclosure
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GAO DRAFT REPORT - DATED RUNE 3.1994
(GAO CODE 707025 - OSD CASE 9700)

"NTRDENT 11: SPARE ME-E GUIDANCE SW~EMS
FOR MnS=LE CANBER RED UCED

**00*

DEPARTME14T OF DEFENSE COMMENTS

FININ ATh M. my Cal *Ibim f 1JA eeds The GAO reported that the Navy
MK-6 guidance system inventory objectives are based om maintaining ahe suns high level of
readiness and reliablity throuhout the remasining 33 years of the TRIDENT 11 prorani life-
which was originelly establifshed during the Cold War. The GAO obsesved that, to maintain those
high readiness and reliability fates, the Navy calculated its progrosi needs using methods
providing it with the highest nmbnter of MK-6 spune that might be needed at any time during the
W061,311"

The GAO explained that the Navy calculated its TRIDENT 11 MK-6 guidance system inventory
ol~jectves by projecting the nunmber of electronics assemblies and inertial meaurmnent units
required to maintu Cold War readiness and reliability goals through the years when pmroam
needs are expected to peak. The GAO noted that the Navy calculations included MdAs (1) in
missiles; onboard deployed submarines. (2) expended in missile test firings to date, (3) carie
onboard submarines as spare and spares kept at the Strategic; Weapons Facility. (4) used by
contractors, designers. teciuicians. said shipyards for test purposes, (s) in the repair pipeline, and
(6) discarded becasse they were no longer repairable.

The GAO further reported that the Navy expected pea requirements to occur in the year 2018,
when eight submarines; would be deployed, with two others being overhauled and refuele. The
GAO reported thet, according to Navy officials, it is difficult to predict spares requirmnents for
the lif of the program through the year 2027. The GAO pointed out that performanc data we
available for only 3 percent of the TRIDENT 11 program projected lire and observed that the
Narvy has no experience maintaining a submarinelauniched ballisti missile program for more than
20 years. The GAO ponte out unforeseen engineering; challenges could arise and/or the world
threat could change. The GAO further pointed out that despite such planoning chajlleges
requiring decisionmakers to make many assumptions about the future, all systems must be

Now on pp. 2-3. procued during the nexit few years to maintain continuous production. (pp. 2-4/GAO Draft
Report)

hP..BSPONm: Partially concur. The DoD does not concur with the GAO use of the term
"Cold War." Whatever the current relationship with nations of the former soviet Union, the

See comment 1. reurmesfor guidance sets were based on the capabilities of the then Soviet Union strategic
ncer forme between 1916 and 1987. and not the decades long political relationship know. ais

the 'Cold War.

Enclosure

Page 17 GAM~NSID-9M-132 Thiout 11



Cemmamla INm thM Depi emat at Debase

The DoD would aso Wke to cdaifym the e total iavWnty objective of the TRIDENT 11 MK-6
guidnce system was calculated to meat the prolpu sapport mod at the higheat requwramet
period, i.e., the progam peak For daifcaon purposes, the GAO should indcae -Pthate
raimne of on-axd sparses calculated to mspport the program through the nmnmiam 38yer lif
(FY 1990 through FY 2027), reflecting the much tighter MK-6 guidpace system tolernice
compnqued to dt TRIDENT I IUK- guidance system, or indeed may of the live ious
generation osttratic Weapo SytNm

* FIND G B: Fewer Than Six Sores May 3. Suclleam Abhnal Shmaaines. The GAO
faund the Navy calculated each patrolling Ibma mst cay yAx spare MK-6 idance "an
to me that there s esentially a 00-percet probabity that all the ei dale e system
will be operationmlly ready if called upon for launch. The GAO noted thl overal weapon system

uelablity as depeadent on the level of operational readiness, aunch, and it reliability addeved
9br a nmber oe do M .K6 sabsysdm including, but ot limited to (I) gia (2) adM e
perflomnce, (3) ire control, (4) avigation, and () ip mupport. The GAO oncuded,
however, that operational readineaa gods could be met with four waowed spes-and nuansam
weapon tem reliability g could be met with threu. In ummary. the GAO concluded dot
fewer tma six spares would be sulicient obemd TRIDENT H submarmines. for the following
reasonls-

The Cold WarbaM requirements needed tobe reevaluated, in lH of the current world
enviromenut;

The current oaard cI MK-6 spares requiremes provide overall sjstem reliability levels
that am hiNhe then the minimum Navy relAi goals set during die TRIDENT II
milestone m review (approval to proceed iao an-ate production);

in the peat two yeam there have been no Trident !1 patrols during which more than three

MK-6 sprs p e re needed (i.e., of the 28 TRIDENT II patrols during that period, 20 patrols
had no MK-6 falures, five patrols had one Jhk-6 aihure, two patrols had two !C-6
&ilures, and one patrol had three MLK-6 bilures); and

The TRIDENT I operational experience showed that the Navy umaly caried t leat
twice as many spare guidance systems a we needed, le., of the 647 TRIDENT I
patrols, 643 had two or fewr guidance system Alures, three had three, ad o one had
four &a&mme, and while thr am acme tedu-'al diffmances betwee TRIDN I and
TRIDENT H1 guidance systems, the Navy uses the m methodology for computing spare
guidance sy"em requirements for both guidance systms.

The GAO reported that, according to propam o ffice als, their l-6 guidance system
inventory obcves are baed on meeing ovmel wepon sysem opemionmd re anm ad
reabiity goals so by the Department of Defnse-and any reductions in those Sals would • l•y

Nowon pp. 4 -5 . to made by the Department. (pp. 6-&7GAO Dralt Report)
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DeD RhIPO Partially enmeur. The DoD does not concur with the GAO use of the
phrase "Cold War based Inurumts.."lstant the report should refer to "Weapon. systmi
reliability requiresnents ... " tao rne corectly sate the beds hbr urrent wempon systmareliability

~~ C2~~fa i. ieurmn sh thse DoD position, that the readiness andf reliability reqirements, for U.S.
See ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h exist .04; uwtonw otbsdond ence of a political relationship knwnv as the

Cold Wu~, but are based on the capabilities -oe by the-then Soviet, and now Russian, strategic
nuclear forces The capabilities of those forces have not significantly changed, in spite of the
changing political relationships. The requirements for U.S. deterrent Ioce were and are.
appropriately basedi.

The Trident Onee will he the backbone of the U.S. deterrent force well into the neot century, in
spite of the end ofthe Cold War and the changing; world enviromet The sumarirnes maintain
their deterren posturet by operating ina survivable mode mnd by being able to threaten a
devastating retalatory attack in response torn massive strategic nuclear first strie. A reduction in
the mknI P ofMK-6 gudanoce set on board each submarine could undermine the ability of the
fleet to achieve that mission. JIf submarine did niot have enough spare guidance sets on board to
replace uljj usj~jg.LM the United States could he faced with a shrtMl in retaliatory weapons
due to the inability to fire some of the Trident!If missiles. Strategic planners must be able to
reliably assen that all target assignnemt are covered and capable of being atwtaced. That cno
he ascertained if the submarine does not have sufficient spare to maintain all missiles ready to
launch. The sumariaine could not ftrminate its patrol and proceed to port to take on board new
guidance packages without drastically undermining the survivability of the fleet by reveaftn
ballistic missile sadiarmne, locations, signtificantly reducing the target coverage, revealing a
weakness in U.S. deterrent forces by alerting adversaries to the possibility that the U.S. missiles
might not be abe to fire in the evn of a conflict, and complicating the ability of the U.S. to plan
a retaliaor strike.

While the political Meationtship with Russia has iniproved. the Untited States should be able to
strengthen its posture ifthe relationship deteriorates.i the futture. However, if the Navy
purchases fewer guidance sets now and the relationship subsequendly deteriorates, the United
Stestes would not have the assets it would need to strengthen the requirements for readinesmd
reliability. Because it would be neither cost-effective nor timely to reestablish a production line
for the guidance usee if the political relationship deterioraes sometime during the lifetime of the
Trident submarines and Trident 11 missiles (which could be as long as 40 years). it is necessary to
produce enoug guidance, sets now to meet dhat contingency.

The DoD also disagrees with the statement 'While we Preogize dhat there are somie technical
See commI~enlt 1. differences; between Trident I and Trident!11 guidance systems" There are =gasf technical

difi-brence between Trident I and Trident If guidance systems both in design and performance
requirements, Failure histories of Trident I guidance systms therefore are not a reliable
indicator of Trident It perfornmane although application of similar methodology to use loWtc
support requirements is apgropriate. Specific differnences include a service life length of twice as
longincreased perfo-rmne spiecifications. and 24 TRIDENT I1 missile tubes per submarine
versus 16 missil tube on C4 backflt TRIDENT Is.

Additionally, the statement that ýTRIDENT I usually carried at least twice as many spare as
needed" is misleading. Applying statistical analysis to logistic support would necessarily result in
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Mew -arl with muiltiple hilues and virtually mane with Aw failures. Currently the TRIDENT I
ballistic mindsil vAnamre carries four sparve and has experienced aspatroll. which dl Amu qspm
wer med. The up - isiomaI readiness requirements aure -quire d to be met an every Flee Dallistic
bmII desemPa- pearl. There4re whether or not tho occuarrence is once or mualtiple tiame is
iid h~an t a logistics - standpoint.

~. ~The TRIDENT I operational expe1ia-rienc showed that, of the 647 TRIDENT I patrols, 643 bad
S" OM~w 1 tw orhwwguidance sy"em failires, three had dye., and one had Aou (aitiue. The Navy uses

die same methodology for comiputing spare guidance system requirements for both TRIDEN I
and H guiduic uystemu. However because there wre significant technical diakrences between
TRIDENT I sad TRIDENT 11 Wuiance systms. fidure Wsorme o(TRIDENlT I Vuidumce
systeas awe ame a re" able indicator of ridSWI UI performance.

The limited patrol pe1rfrance1 data curretly available sugest that the TRIDENT U strategic:
weapon system does exceed the w manwan relibility gods. Specifically, for the first four years
anod ay 3pmve of theaverg u idane sytemoperaitional pef rmce period, te MK-6has
aheady experiened three failre on one patrol. Given that actual experience in the early phase
at deployment, coupled with the significant ambhiguity asscilated with (1) teWiAY" differences
betwee TRIDENT I and nI guidance sets, (M the existence of 33 percentmore missile paiance,
setsto be aitine laboar 6he24-tube TRIDENT!It ships vermasthe 16-tube TRIDENT I C-4
backfi ehips (3) the miuch tighmter performance specifications required o(TRIDENT H paidnce
afts and (4) the dilliculties associated with predicting vegineeruag perormanc somne 30 years
into the iaura, the DoD does am agree that spare guidance st my be redhuced below six per
s* without degrading weapona ystem readiness below tho levels required.

FIDhft S: hbmarkIeac. e Iaft Misle blino. The GAO observed that.
throughout the Cold War, the submarine-launched holistic amissi programn promvided maclear
deterrence. The GAO reported that successive generations of submarines, missiles, and guidance
"ssems, including the POLARIS, POSEIDON, TRIDENT L.and TRIDENT! systems, provided
imaproved accuracy. rang, survivbiluty, and destuctive power. The GAO Ambher reported that,,
despite the end of the Cold War, subinarine-lmnched ballistic m1issile patrols continued. The
GAO noted that it is dhe DoD com ngesio tugat the Uied Statesmost main-ai its saclwa forces
masdoterrenitto the ev-increasin manIe of countries supected ofideveloping or-psesn

maclwe weapons. The GAO brend. however, that currently the Navy had ma plans; twodveo
systeaw for evuWaa replacement of the TRIDENT II, which entered the Amee in 1939, and wiN be
maintained wunil the year 207. when the last TRIDENT U is expected to be retired.

Th. GAO reporte that the curret sulmnarine-lmmched ballistic misil program consists of eight
TRIDENT I submamines; carrying C-4 missiles equipped with MK- guidance sysemns, an six
TRIDENT 11 submarines carrying D-5 smisiles equipped with MK-6 guidance systems The GAO
repote dotht bar more TRIDENT 11 subnauvies will mente the fleet by M99. The GAO pointed

ouit that, while on patrol TRIDENT submarines suistain the surviability of their baflistic missules
by evading their adversauies, and that opportunaities for detection are ndimiamd by limited
outgoin ooemautcation and restricted opportunities for surfacing. (The GAO mated that

Now onlp 10. surfcing for medc" emergencies or humanitarian reasons such as attending to a&death in the
family. is permitted.) (p. 9/GAO Draft Report)
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b~UDORSPOSE Concur. Two darificatioms however, awe required. FMt the draft
Seecom ent1.report inaccurately Id-acthes need for the patrollig submiine to re Anlay
seundetected and ass modus opersed far doing so While on patroL, TRIDENT subauwans

sustain the aurvviiiy of their belistic missiles by reasiang undetected by both U.S. and
forein soft~ Opportunities for detection ame ni i aaI by virtually exiduding autging

comacatoesand reasanidg afterged. (Surfacig for medical ueargsncies or
conapaling hu kian resons, audias akttnngto adeabith.te famiy s pe itd

See~~n 1.Second, the GAO description as to why the U.S. must maintain its nuclear deterrent is not
Se onn .accurate The United States mus mainsti its muclear weapons to deter doe flA soape of teasto

the MAWte States, its allies, and ft forces overseas. The most imiportant trast 00a amust be
deterred today rmnains doe miam- destructive capabilities of the Russian nartagic forces.
Although the change in govermuent has led to ao opqroved political reastionship between the
United Statn and lassie the threa posed by the capdablities of current and projected Russian
strategic muclear force ha not dinilniked Rumsi contimas to maintan and -odermixP its
stratelgic offensive forces, and those foIe contimaet to be capable ofdw A t*ete Ag h survival of
the United State.

*IMKG Du~: PrnesCs eteGiec yts mtyalcie.The
GAO repote that, in the FY I99 Navy budget plans the Navy reduced its D-5 missile and the
NIK-t llpidance system inventory objectives when a decisio to bacMi the TRIDENT I fleet with
TRIDENT Hi missiles said guidance systems was postponed. The GAO reported that, in the
FY 19M Navy plans, invenory objctive were reduce Larther. T1he GAO obseved that those
-,recen- reductions ame primarily the result of (1) the manticipated cancellation of the fars scheduled
overhaul of the sbaabn w4nsad therefore a reduction in total program demoanstrmatin d
shakedown operations flgh tests. (2) a decrease in the munabe of elctroic assemblies reserved
hor use by repair, design, and test facilities inspecting inertial measurement units, and (3) a

deraein the number of inertial measurement units foreast to be in the repair pipeline.
(p. 10/GAO Draft Report)

Now on pp. 10- 11.
DPhfD H Cenur.

~EFU4M :Aiwkofl ayRdaeE WoadSwr sil~ s The
GAO reporaedthat, acoordui to Navy official s, daarines on -so wigs caMs adequate spare
guidance systems. because (1) surfacing to receiv spare systems would increase the vulnerability
ofthe weapon system, and (2) becaus the submearine cre does not have the technical experise
or equipment to repair the units onboard. The GAO also reported that when either a faulty
electronics assembly or inertial measurement unit is identified, it is removed wad replaced. The
GAOP lerndotht all guidance system repair wre done on shore by contractors.

The GAO found that the number of spars MK-6 guidance systms neededP onboard a patrolling
submarine was calculated based on the aveag number of ineria measurement unit failures per
petrol, per quarter, over the past 2 years. The GAO also learned Navy officials chose that method
because it (1 weighed all pa l equally, reprdless of lenth (2) provided a conuervative figure
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and (3) bied prowm aucessMibi estaimatin~g speres for prior program nsuh as the TRIDIENT 1.
Mie GAO repotedo thatde Navy guiduice system operatioael readiness goal is to have adequate
Ipre avasilable"9.9 percent of the time. In addition, the GAO reported that the Navy also

included a 99-pecen confdence level factor, its calculations because according to Navy
officias, it provide a awoe coassivative result and helped emure that sufficient spares would be
available-even adoe wevet of unforeseen Sfture system problems. The GAO concluded dud,.
baned on the deecriledi methodology, the Navy calclatmed six spare guidance systenm are required
on each I Ibm are.

The GAO oumid that the Navy guidance systm operational readianse goal is also a factor in
esmsrwg diat the overll weepon system maintains a specific reliability rate. The GAO repote
tdot the Navy commi tted to nmaintaining an overall wesp. system reliability level in 19117, during
the TRIDEN H program nillestme IIl review. The GAO reported that. according to Navy
offkcalo ommesrethe overail weops.sse eiblt he smitieilodeabysr
includin~g iddence systesAinerequired so aheelwso niiulreiesadrlit
resulting in a total system relialgity rate5 percent highe then the mWiuinin rate agreed to at the
rederenced Mlestone MI review. T1he GAO concluded that the higiier goal can only be achieved if
the operational reediness level ofdie guidance system is maintained at esseniallyl100percent.
The GAO also indicted the Navy acktnowledged that the results of ma guidance system failure
rate aneysi would be more credible ifimore data were available. The GAO observed. howewer,
that given the newness of the program and becws procurement must be completed in the next
few years, the analysis at Weast provides (as one Navy official stated) a bl park' figure for

Now on pp. 12-13. planning purposes. (pp. 12-141GAO Daft Report)

JhDR.HUERUI Pertslaly comcer. The GAO understates the adverse elffet upon a ballistic
missil submoarine mission were it not to have adequate spares to replace failed guidance sets

which are critical coinponents essential for missile launch. Specificallysubmainesi on petrol must
carry adequate spare guidance systems. becaus xurfcin to enter port to receive spare systems,
which is tantamount to terminating petrol and laps"n target coverage, would increase the
vulnerability ofdie weapon system and reduce strategic effectiveness. The submarine crew does
not have the technical eqxprtise or equipment to repair the units onboard, and underway
replenishment of guidance units is impractical.

The GAO description oldie 99-percent confidence factr is vague where it refers to general
See comment 2. FMoervats More correcty, it isen accepted statistical mthodI to provide a degree of

"insurance" to probability estimates where actual data ame limited to a small fiaction of the total
population size In die case at hand. predictions fbr.mor than 30 year into the future are being
based on the first 3 percent of the syste life performance data. Among other ambiguities, agong
effects normally associated with precision equipment cantyet be accounted for, making some
degree of increased confidence appropriate.

The GAO description of the "S percent higher" is a misinterpretation of Milstone Mn estimated
performance sad threshold requirements. The emstiate performance was actuall 5 percent
better than doe threshold, arid the subsystem reliability specifications were based on that higher
esiate-
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EmNDUM : am LED Lhr a I .Iuub .einZ m. The GAO reported dha the
Navy was using the same method for estimating TRIDENT nI onboard MK-6 spares that it used
to estimae TRIDENT I onboard MK-S spaes. The GAO reported that, according to Navy
officials, the method had bern succeadl, since no patrol has ea had more failures than it had
spans The GAO contended, however, that the method often provided patrols at east twice as
many spare guidance systems as were ever actually needed. The GAO reported dat onboard
spae requi.uuet for TRIDENT I submarines had ranged from six at the begiouing of'the
program to a current requiremen for four. The GAO also reported dut caboard requiremems for
POSEMION ubmbmines carrying TRIDENT I missiles had ranged from six to three, depending on
reliability of the system amid the availability of spares. The GAO concuded that, ofthe 647
cona ied TRIDENT I patrols (TRIDENT I and POSEIDON nubarines carrying TRIDENT I
missiles) 643 patls had two or fewer failures, three patrols had three faims and only one

ow on p. 13. patrol had four failures. (p. 141GAO Draft Report)

SRESONSE: Paroily concur. Although the data cited n the GAO Draft repart on
filures per TRIDENT I ballistic missile submarine patrol are accurme, the statement that "tis
method often provided patrols at let twice as many spaes a needed" is both misleading and
technically irrevnmt. Curretly, the TRIDENT I belistic missile smumine caries four spre
and has epaienced a patrol in which all four spans were used. The weapons system operational
readiness requiremens are required to be met on every Fleet Ballistic Miile deterrent patrol.
Theefrore, whether or not a faiiure occurrence is once or multiple fimes is irrelevant fom a
logistics plnning standpoim. From a statistical analysis perspective, a failure rate distribution
similar to that actually experknced (i.e, few pdros with naltiple lures) would be expected,
gvm the hgh reliability requirements imposed.

The methodology used to predict the inventory objective for the TRIDENT II MK-6 guidance
system is based on the experience gaied in previous Flee Ballistic Mssile programs. Specifically
addressing the TRIDENT I experiec, 1aduring tde - requiremens period, an anomaly was
discovered in the monitor drive module that supports the stellar sensor. That resulted in the
systems being recalled from the flee, reducing the available onboard spares. Daily as
management was required to ensure overall program requirements were met until the necessary
upgrades were made to the spares inventory. That is an- aple of an unplanned deveopment
that the inventory projections must accommodate systems W

RECOMMENDATIONS

RCOMMUNDATION I: The GAO recommended that the Secetary of Defense consider
whether some slight reductions in Cold War-based operatiosa readiness and reliability goals are

low on p. 5. acceptable. (p. 7/GAO Draft Report)

DeD RESPONSE: Partialy cancur. The DoD will utiate a study to determine whether
ýee comment 1. reductions in eisgti operational readiness and reliability goals are acceptable. That study will be
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coniplated in time to support the FY 1996 budget submission. The on-going DoD Nuclea
Posture Review a reviewiag the correa strategic muclea force structure. The Nuclear Postue
Review is exuinmmnin operational readiness and relibility goals as a pant of determining the overall
brore structure. The Nuclear Posture Review is considering all force structure options to ensure
that the DoD-proposed ,-stteic force structure will provide the optimum balance of strategic

1edies and deterrence versus cost. The determination by the Nuclear Posture Review on
subinarine-lunched ballistic missile force structure is expected in time to support the FY 1995
buge cyl-
Using the force structure detemuised by the Nuclear Posture Review as a prime input. the DoD
will then decide whether the current TRIDENT It weapon syoae readiness; goals remain
appropriat in Ilgh of the cA ges that have taken place in the world political comaposition OWd
threat capability since the disestablishment of the Warsaw Pact and the demise of the Soviet
Union.

ZjQ~~d~MTVO 2:The GAO reconmendled that, if the reductions identified in
connection with Recommnendation I are acceptable the Secretary should reduce the znumber of

~4m on .5. additional MK.6 guidance systemn to be procuredl. (p. 71GAO Draft Report)

DeDRU.EKI Ceecur. As a result of the review ofTRIDENT readiness and relibflty
discussed in the DoD response to Recommendation 1. the number of on-board spare MX-6
guidance symstes ultimately procured nay be reduced. Howeve, it is unlikely that the results of
the review will areato the quantity of WU-6 guidance systems procured in FY 199S, as reflected in
the FY 1995 President's Budget sulimission. Even a one-third reduction in the number of on-
board speres icr six to four would reduce the total inventory objctv by 20. which is the
essentially the quantity remasining to be procured in FY 1996 and beyond (as displayed in
Appendix: 11 of the GAO draft report).

it should be noted that the W-6guidance system has already experienced three Iohe on one
patrol in a system that has been deployed only 4 years, and just 3 percent of the average
operational hours to be experienced by the guidance systms on the ten TRIDENT!! ballistic
missile submarines over their 30-year fife through FY 2027. A reduction below four on-board
spares is extremely unlikely given that history. The GAO discssion of the possibility of&a
reduction to three sparesi relcs only the very sinai sample size and limited performance data
available, to date, with no allowance for future aging or other effects on guidane= system
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GAO Comments The following are GAO'S comments on the Department of Defense's letter

dated June 22, 1994.

1. We have revised our report to include this information.

2. We have addressed this comment in the report text
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