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1.0 INTRODUCTION

The Army is developing a Chemical Agent /Munitions Disposal System
(CAMOS) for complete demilitarization and disposal of lethal chemical agents
and munitions within the constraints of total containment of hazardous
ma terials , impeccable safety to operating personnel and the civilian population ,
and stringent environmental control standards. The munitions to be demilita rize
include artillery projectiles with and without explosive bursters , chemical
rockets with explosives and propellant , chemical mortars and land mines with
explosives , bombs , ton containers , and spray tanks . The CAMDS is intended to
disassemble the munitions , destroy the explosive components , incinerate or
neutralize the lethal agents , and decontaminate all residual hardware and inert
components . The system is to embody absolute safety precautions to prevent
release of the chemical agents to the environment and to protect operating
personnel .

The CAMDS consists of specialized , remote-control l ed machinery for -
~~~

removing explosive components and chemical agents from munitions , two continuou s
furnace systems for thermal deactivation of energetic materials and decontami-
nation of metal parts , a chemical agent destruction plant , material transport
systems , and the required support systems . The CAMDS is being designed ,
fabricated , and installed on a modular basis by Edgewood Arsenal , Tooele Army
Depot , and their contractors . The plant is scheduled to be operational by
October 1976 at the South Area of Tooele Army Depot and will be operated by
Government personnel .

This report Is prepared in compliance with CORL Sequence Item A002 and
Data Item Description DI-R-3535/R-l03-2/M , and add resses the resul ts of the
maintainability and reliability assessment and analyses of CAMDS . The assess-
ment and analysis was performed in three phases with objectives as fol low:

• Phase I System Level Assessment: Assess CAMDS at the
system level to determine the adequacy of the build ing block
design processing rates to meet the target production rates.

• Phase II Building Block Level Analysis: Perform reliability
and maintainability analyses at the building block level
to determine the validity of design processing rates.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — -  — — 1-L_ — —.-- — . .---. - — . ,  . .~ 
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a
• Phase III Identification of Problem Areas and Recommended

Corrective Actions: Identify potential maintainability c’nd
reliability problem areas , assess the significance of the
problem areas , and recommend corrective action.

This report is structured in two volumes. In Volume I , Section 2
suninarizes the study findings; Section 3.0 presents a broad description
of the building blocks and munition demilitarization line configura-
tions , definitions of terms used , and a list of documents reviewed and
utilized in this assessment; Sections 4.0, 5.0 and 6.0 presents the results
of the Phase I , II and III efforts respectively. Volume II contains the
reliability and maintainability worksheets , charts , graphs and backup data
generated by the Phase II study .

It is to be noted that Phase I and II employ different production
rates; Phase I uses actual predicted rates determined by the capacity
limiting building blocks (the system bottle necks) while Phase II uses
the target rates . This discrepancy has a minor impact on the study results

) and stems from the following. Phases I and II were performed in parallel
with Phase II l eading Phase I because the system availabilities generated
in Phase II were necessary for Phase I. In Phase II . system availabilities
were determined based on the target production rates which were the best
information available at that time . Late in the Phase I effort, it became
clear that target production rates are not going to be attained by most of
the munition lines , thus casting some question on the utility of the Phase II
results. Through closer analysis however , it was determined that the dif—
ferences in production rate does not significantly alter the predicted system
availabilities since not all building blocks comprising a munition line
configuration are affected by cyclical reliability considerations. In
genera l , only the second decimal place of the p~edicted availabilities is
altered by use of “actual~ vs target production rates which is entirely
reasonable since differences in “actual” versus target rates are, with one
exception (105 m M360 Cartridges , GB) small. At worst (105 m M360
Cartridges , GB with Burster), the predicted availability is increased by

( roughly 7% by use of “ac tual ” rates , which does not alter the conclusions
)

—- 
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of this study . Hence , with the concurrence of the CAMDS Project
Officer , it was concluded that use of the Phase II results base 4 on
target production rates will result in minor discrepancies which do r.~t
bear on the study finding , and that recasting of the Phase II results
using “actual” rates is not warranted .

) I
) .
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1
2.0 SUMMARY

The results of the system level analysis (Phase I), indicate that the
target production rates for most munition/agent configurations will not be
met. The exceptions are the Bulk Items (bombs , spray tank and ton con-
tainer) , the 8” Projectile , and the M23 hne. This determination was made
by first assessing each system required to demi l a munition/agent configura-
tion to identify the interrelationship between building blocks . The system
processing rates were then determined based on equipment capaciti es wi th-
out cons i der ing downtime due to fa i lure or sc heduled ma i ntenance. A three
shift/day-fi ve day week operation with a debugged system and fully trained
personnel was used for the operational baseline. The system availability
resulting from unschedul ed downtime stemming from random failures and the
time required to effect repairs was then determined and modified as
appropriate to account for other availability factors such as environmental
conditions . System production levels were then determined based on process-
ing rates and estimated system availability . Final ly , the impact of
scheduled downtime on these production levels was then determined as a
function of operational and preventive .maintenance~t-equirements .

Table 2-1 presents a summary of downtimes for each muniti on/agent con-
figuration including allowable downtime , estimated unscheduled downtime ,
and tim e ava il ab le for sc heduled down time. As can be seen , the estimated
unscheduled down often exceeds the allowable downtime. This results in a
reduction in daily production capability even before schedu l ed downtime
for preventi ve or operational maintenance is considered.

Table 2-2 is a summary of system production rate estimates . The
estimates shown here do not include scheduled downtime . The individual
mun ition demi l line analyses presented in Section 4—3 address these
scheduled downtime effects. The only identified operational maintenance
actions that would require system shut down are for the Rocket Demi l Machine
and the Projectile Demi l Equipment , see Table 4-2. There are no i dentified
preventive maintenan ce actions requiring system shut down , that cannot be
scheduled for a weekend maintenance shift.

(

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — p
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a Table 2-2. System Production Estimates

Daily Production Rate
(Items/Day)

Munition Agent Ava llab llity * Target Estimated**

Rocket, 115 m , M55 GB .8540 400 311 - 327
VX .8439 400 307 - 323

Cartridge , 105 nm , M360
without Bursters GB . .8375 1000 572 — 602
without Eursters , wi th Welded Burster Wel l GB .8341 1000 570 - 600
with 8ursters . GB .7384 1000 471 - 495

Projectile , 155 m, M121A1
without Sursters GB .8632 650 590 - 620
without Bursters VX .8542 650 584 - 614

i-rojectile , 155 rivn , M121
without Bursters GB .8632 650 . 590 - 620
without Bursters , with ~e1ded R,,rster W’~1l 68 .8609 650 588 - 619

ProjectIle, 155 m , M122

) without Bursters GB , .8606 650 588 - 619
Projectile, 155 ,imn , MilO H .7942 650 507 - 533

Mustard with Bursters
Projectile , 155 m , Ml04

Mustard with Bursters HD .7942 650 507 - 533
Projectile, 8”, ~l426without Bursters GB .8830 400 402- 423
M23 Mine VX .8846 800 806 - 848
4.2” Mortar HO .7814 1000 890 - 936

M2/M2A1 HT .7814 1000 890 - 936
MC-1 Bomb , 750# 08 .9277 24 25 — 26
MK94 Bomb GB .9268 24 25 - 26
Spray Tank , Pu, - 28/b VX .9159 4 4
Tori Container GB .9272 5 5

VX .9168 5 5
_____________________________________________ HO .9409 5 5

4Portion of time sys tem Is not affected by unsc eduled downtime .
44

~ sed on no scheduled downtime during a 3 shift/day operation.

) 

——• _______________- —— —- —- . - -~~- —.~~——- - —— - _____________________________
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~ 
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The resul ts of the building block level maintainabilit y and reliability
analysis (Phase II) are too voluminous for presentation here and are listed
in Section 5.2.4. Table 2-3 and Figure 2-1 however , summarize the m~~n-
tainability and reliability characteristi cs of the CPMDS munition lines
as determined by evaluation of thei r constituent building blocks . As
indicated by Table 2-3, the low mean time between failures coupled with
the moderately high mean time to repair results in system availabilities
which do not permit achievement of target production goals for most munition

demi l configurations. A few of the more significant findings of the build-
ing block l evel analysis are as follows :

• The CAMDS concepts appear to be fundamentally sound in its miss ion
to dispose of chemical munitions in a safe and expedicious manne r.
However , the soundness of the functional designs have yet to be
proven . Findings of this analysis suggest that the des i gn ap-
proaches adopted in some instances results in equipment availabi li ’ies

-
~~ which degrade the effective production capabilities to levels far

short of standards necessary to achieve target production rates .

• Indiscriminant redundancy does not appear to be a cost effective
approach for improving equipment ava flabil ity . Case studies as
noted in Section 6.2 indicate that complete redundancy of the MPF ,

DES and ADS (for example), increases the availability of the 105 mm
M360 Cartridge GB wi th burste r munition demi l line by only 1½% .

• Predicted system availaiblities are sensitive to the mainta i nability
factors utilized to gauge the effects of agent protective suits
and equipment maintenance access on repair times . Maintainability
factors employed ranged from 1.5 to 4.0, and were , because of the
absence of better data , assumed somewhat arbitrarily. If for example ,
these maintainability factors can be reduced by 50%, the predicted
availability of the 105 mm , M360 Cartridge GB with burs cer munition
demi l line would be increased from 0.74 to 0.85. Clearly, acquisi-
tion of better mainta inability factors based on actual tests on the
CAMDS gear , is warranted. )

L~~ :‘ ~~~~~~~ ~~~~~~~~~~~~~~ ~~ ~~~
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• • The analysis shows that the munit ion demi l line involving the least
number of Building Blocks (8), the least complicated Bui~~’ny Blocks ,
one of the more easily disposed of agents (mustard), and one of ~he
slowest (low—cyclic application) processing rates (0.25/hr) , i. e.,
the ton container containing mustard , also has the highest expected
probability of success (reliabilit y) curve. The related MTBF
and Availability are also the highest at 123.7 hours and 0.945, re-
spectively.

• The analysis shows that the munition demi l line involving a high
number of Building Blocks (18), the more ..complicated Building Blocks
(the ECC and its demil machine (PDM), the PPD , both hydraulic power
units , many MHE elements , etc.), one of the more difficult agents
to dispose of (GB), and one of the higher (high—cyclic applica tion)
processing rates (28/hr), i.e., the 105 mm Cartridge with Bursters
containing GB , also has the lowest expected probability of success

) (reliability ) curve. The related MTBF and Availability are also
the l owest at 24.6 hours and 0.738 respectively.

• Taken as a group, the analysis shows that the munition processes
involving the bulk i tems have the highest expected probability
of success (reliability ) curve and highest related MTBF values
when compared wi th the processes involving the other munitions .
There is distinct open area between the curves depicting these two
groups .

• The mean-time -to-repair /replace (MTTR) shows a wide variation from
Building Block to Building Block (a range of approximately 2 to
13 hours). This is attributable to considerations which dictate
the use of protective clothing (which impede maintenance) in some
building blocks t.,hile other building blocks require no protective
gear. Also accessibility will be much more restrictive in some
building blocks than others . The MTTR variation is relatively

J small with regard to the different munition demi l lines , where the
( average MTTR is 7.76 hours wi th a standard deviation of 0.532 hnur
) (6.9%).
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• The purpose of this analysis was to predict ‘a priori” certain
characteristics of CAMDS. The accepted methods of accom~~khing

this involves the use of recorded data and experience which have.
been obtained from comparable Systems and components under similar
conditions of use and operation. These data and experience are
then applied to the system under cons ideration by the “principle
of transferability .” The two mos t applicable data/experience
sources for modeling CAMDS are considered t” be CAMDS testing re-
sults and RMA operational data. These data were found to be cur-
rently limi ted in quantity and available only “after the fact” for
this analysis. Even though the best available data sources were
used in this analysis , it is considered highly des i rable that CANDS
testing and RMA operational data be carefully gathered , scrutinized ,
and then used to modify the results presented herein as applicable
in order to provide a higher correlation between characteristics

• predicted and experienced.

)
) .
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P 3.0 CAMDS DESCRIPTION

3.1 GENERA L

The CAMDS site is located at the South Area of Tooele Army Depot., Tooele,

Utah. All personnel entering the CAMDS facilit y on foot must go through the
Personnel Support Complex (PSC). A 20-foot-wide road provides vehicle access
around the perimeter of the CAMDS site . A rail line with a tank car unloadin g
station is located just outside the fenced area . Chemicals are pumped front this
unloading station to a bulk chemical storage tank area located inside the fenced
area adjacent to the Agent Destruction System (ADS).

All munitions , with the exception of bulk i tems , will be brought into the
fenced area and placed behind a massive barricade identified as the Munition
Holding Area (MHA). The munitions stored temporarily in this area are
transported to the Unpack Area (UPA) as required for processing.

3.2 DEMIL SYSTEM CONFIGURATIONS

Munition systems to be demilitarized include artillery projectiles with
and without explosive bursters , chemical rockets wi th explosives and propellant ,
chemical mortars and land mines with explosives , and bombs and spray tanks.
Individual subsystems or building blocks are configured to provide for demili-
tarization of each munition/agent combination listed in Table 3-1 . The building
blocks and their interrelationship required to demi l each munition/agent
configuration is presented in Section 4.3. A brief description of major building
blocks follows .

3.3 BUILDING BLOCK DESCRIPTION

For the purpose of technical and operational management of the program
the CAMDS has been subdivided into a number of building blocks. These
building blocks include processing subsystems and system integration functions.
The twenty-two which were evaluated in depth include the following :

01 — UP A - Unpack Area
02 - ECC - Explosive Containment Cubicle
04 - DFS - Deactivation Furnace system
05 - MPF — Metal Parts Furnace

( 06 - RDM - Rocket Demil Machine
) 08 - UTL - Utilities

• 09 - EHM - ECC Hydraul ics
1. -_ ,~~~ _____________ •~~
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Table 3-1. Munition Agent Configurations

Munition Type Agent Explosive 
—

M55 Rocket GB ,VX 3.2-lb Composition B

M23 Mine VX 0.8-lb Composition B

105 nm , M360, Burstered GB - 1.1 -lb Tetrytol

105 mm , 11360, Non-Burstered GB None

155 mm , MllO , Burstered H 0.41-lb Tetrytol
155 mm , M104 , Burstered HD 0.41-lb Tetrytol

155 mm , Ml2l GB None
155 mm , Ml2lAl GB ,VX None
155 mm , M122 GB None
8-inch , M426 GB None

• 
) 4.2 inch Mortar HD,HT 0.14-lb Tetryl

• MC1 Bomb GB None
MK94 Bomb GB • None

Spray Tank VX None

Ton Con tai ner GB ,VX None

Ton Container HD None

I

~~~~ ~~~~~~~~~~~~~~~~ 
~~~~~~~~~, ~~~~~ -— _____________



13 - ADS - Agent Destruction System
14 - ETS - Explosive TReatment System
15 - POM - Projectile Demil Machine
18 — PPD - Projectile Pull and Drain Ma chine
19 - COS - Centra l Decon System
21 - B I F  — Bulk Item Facility
22 - MHE - Material Handling Equipment

• 23 - FIL  - Filter System
• 24 - MOR - Mortar Demi l Machine

25 - MIN - Mine Demil Machine
26 - PIP — Piping
27 - ELE - Electrical
30 - CTV - Closed Circuit Television
31 - COM - Communications
35 - SCS - Site Control System

A brief description of each of the above noted Building Blocks is as follows :

Ol-UPA-Unpack Area . The purpose of the UPA is to provide an area

) within the CAMDS where the i tems to be processed in the CCC and PPD can be
reinspected , removed from their shipping and storage containers , and pre-
pared for the demilitarization process. The UPA consists of two areas: the

unpack operating area and the airlock area. The housin g Is physically
connected to the ECC housing and faces the Personnel Support Complex (PSC).

02-ECC-Explosive Containment Cubicle. The ECC ’s prima ry purpose is to
retain the fragments and chemical agents that would result from an explosive
incident during demilitarization of chemical mun itions. All munitions that
contain explosive components will be processed through the ECC to remove the
explosive components and cut the explosive into segments small enough to
process through the Deactivation Furnace System (DFS). The chemical agent will
be drained from rockets and mines in the ECC .

Four separate machines are designed for installation in the ECC , one at a
time , dependent on the type of munition to be demilitarized . They are the
Rocket Demil Machine (ROM), the Projectile Demil Machine (PDM), the Mortar
Demil Machine (MOR) and the Mine Demil Machine (MIN). A conveyor especially

• ( designed for each machine connects the unpack area with the machine in the ~CC.) The ECC discharge conveyor for each machine Is located in the ECC housin~
- - 

I between the ECC and the OFS.
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04-DFS-Deactivation Furnace System. The DFS comprises that area of
the CAMOS where propellant and explosives are thermally destroyed . Inert
materials (metal and glass) processed along with these explosives and
propellants are thermally detoxified of agent.

The major components of the DFS are : an air/blast lock , an oil-fired
rotary retort , a shrouded electrically heated discharge conveyor , and an air
pollution control system. The air pollution control system is comprised of:
a cyclone collector , a slagging afterburner , a variable throat venturi
Scrubber , a quench tower , a packed bed scrubber , a demister , an air exhaust fan ,
and a stack .

• 05-MPF-Metal Parts Furnace. The purpose of the Metal Parts Furnace (MPF)
is to thermally destroy residual GB and VX agent contamination on munition

components without explosives and to thermally detoxify filled ton containers
of H , HD and I-IT, and munitions without explosives. The MPF system consists of
the following major areas: punch chamber , vaporization chamber , burnout chamber ,

• 2 afterburners and APC System .

• 06-RDM-Rocket Dernil Machine. The basic purpose of the RDM is to
provide a safe means of remotely separating the bulk of the agent from the M55
rocket and to dissect the rocket into sections small enough to be handled by
the DFS. The RDM is installed in the ECC .

08-UTL-Utilities. The UTL will provide for steam , water , septic , compressed
air , hydraulic pressure and air-cond itioning needs in the CAMDS site .

P Process steam is required for the Metal Parts Furnace and Agent Destruction
System and the steam will also heat the CAMOS site in the winter. A water dis-
tribution system provides for all site needs for fire protection , process and
potable water. Compressed air is available to support operations in the UPA ,
CCC , PDF and BIF . Hydraulic pressure is provided to support equipment in the
UPA , ECC , PDF , BIF an d ADS.

09-EHM-ECC Hydraulics. The ECC Hydraulic System supplies the hydraulic
fluid at the required flow rates and pressure for the ECC , the equipment that
is installed in the ECC , and for the ECC input and output conveyors. A

) similar system Is installed in the PDF to supply hydraulic power for the PPD.
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13-ADS-Agent Destruction System. The ADS is that area of the CAMDS
designed for bulk detoxification of agents GB and VX with only one agent

being processed at any time , and will also process plant waste contain ing

GB , VX and mustard .

All agent processing will be performed in “toxic ” areas , while the
rema i nder of the ADS housing will contain the brine bulk reduction (drying)

• and utility units.. The processing of chemical agents GB and VX within the
ADS is referred to as detoxification and the toxic process module includes
all necessary process equipment such as process scrubbers , pumps , heat
exchanges , reactors , and agitators as well as “holding ” tanks . A bulk
reduction area provides for the automatic and continuous processing of the
detoxified liquor and contains all equipment necessary to reduce the detoxi-
fied liquor to a dry product or sludge which will not produce either a hazard
or nuisance from dust , solid fumes , or corrosion.

14-ETS-Explosive Treatment System. The ETS is the area of the CAMDS
where sludge and dissolved explosives from spent decontamination solution
from the ECC are removed . The filtered spent decon is then pumped to the

) ADS for final disposal. The ETS is comprised of bag-type filter units ,
charcoal absorption columns , tanks , pumps , piping, and the necessary controls.

15-PDM-Projectile Demil Machine. All burstered and/or fused projectiles
will be processed in the PDM . The machine is installed in the ECC and will
receive the munitions via the UPA on ECC Input Conveyor. Once inside the ECC ,
the PDM will saw the nose closure or fuze from the projectile to expose the
burster or supplementary charge for remova l by the appropriate removal device.
Projectiles that have had their energetic materi als removed will undergo
further processing in the PPD machine. (See Building Block 18.)

l8-PPD-Projectile Pull and Drain Machine. The basic function of the
PPD is to remove the nose closure from non-burstered projectiles , pull the
burster well , and remove VX and GB agents from projectiles . The PPD is
located in the Projectile Disassembly Facility (PDF) and is contained within
an interior housing. The PPD includes the following stations: PPD load sta-
tion , nose closure removal station , burster well weld cutting station , burster
well pull station , drain station , and PPD unload station .

4
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-~~ l9-CDS-Central Decon System. The CDS mixes , stores , and supplies
calcium hypochiorite decon solution to all areas of the CAMDS for VX and
mustard operations . The CDS also stores sodium hydroxide decon solution
prepared in the ADS for supply, on demand , to the PPD , BIF and MPF. The
CDS occupies a chamber in the POF and includes as major components: a decon
supply tank , a vacuum conveyor used to transfer hypochlori te powder from
shipping drums to the supp ly tank , two holding tanks , and ancillary control
and monitoring equipment.

21-BIF-Bulk Item Facilj~y. The BIF is the area of CAMDS designated
for demilitarization of large nerve agent -filled munitions and bulk conta i ners
and will process agents GB and VX. The Facility housing incorporates a toxic
drain area , agent area , a control room , and an enclosed holding/preparation
area . The BIF includes material handling equipment to off-load the bulk i tems
Into the holding/preparation area , transport the i tems into and out of the
drain bays , and deliver the i tems to the input conveyor of the MPF.

22-MHE-Material Handling Equipment. The MHE is utilized in the CAMDS
to provide conveyors for the transfer of munitions and munition components

) to various locations inside the toxic areas. All munitions except bulk
Items will be processed by the material handling equipment.

23-FIL-Filter System. The filter/ventilation system will assure that
- exhaust air (minimum of 25 changes per hour) from normally contaminated areas
is fi l tered for agent removal prior to release to the atmosphere . In  addi-
tion , the system will exhaust (minimum of six changes per hour) from areas
where occasional or trace contamination might occur.

24-MOR-Mortar Demil Machine. The purpose of the MOR is to remove the
M8 fuse and M14 burster from the 4.2-inch mortar. The mortar machine is
located inside the ECC and is remotely operated by the computer control
system. The mortar machine will remove the fuse and burster , then will
transfer both items by conveyor to the deactivation furnace for destruction.
The mortar round will be conveyed to the PPD for further processing .

1
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I
25-MIN-Mine Demil Machine. The mine machine is designed to remove and

separate the 11120 booster and the 1138 burster , and then drain the agent
cavity prior to sending the mine to the Deactivation Furnace (DFS). The M23 ,
VX land mine will be processed in this machine , which is installed in the
CCC.

26 -PIP-Piping . The CAMDS pip ing system transfers or routes air , steam ,
and process liquids within the site . Detectors are installed on the outer
double pipe to sense if any agent is leaking during the transport of GB and
vx.

27-ELE-Electrical. The primary purpose of the electrical distribution
system is to supply and distribute commercial and emergency standby power
throughout the CAMDS site . The CPIMDS site contains four power transformers :
a 75-kva , 208-volt unit for the well pump , a 300.-kva , 208-volt unit for the
PSC , a 750-kva , 208-volt unit for the CAMDS demil equipment , and a 1500-kva ,
480-volt unit also for the CAMDS demil equipment.

The site also has three diesel engine driven emergency standby

) generator sets to supply power to critical areas in case of a commercial
power failure . One 500-kw unit supplies 480-volts and two 235-kw units
supply 208 volts.

30-CTV-Closed Circuit Televis ion. These surveillance systems provide

for remote observation of machines , conveyors , and maintenance operations in

toxic areas.

31-COM-Conimunications. The CAMDS “COM” system provides direct communi-

cation between all control stations and housings on the CAMDS site ; e.g.,
supervisory personnel at control stations can communicate with maintenance
personnel wearing level A protective clothing in contaminated areas.

35-SCS-Site Control System. This system exercises master control and

monitoring over the CAMDS site .

- ~~~~~~~~~~~~~~~~~~~ -



I

3.4 DEFINITION OF TERMS

For the purposes of this report in both text and data presentation
herein , the following term definition s will apply:

• Accessibility
A measure of the relative ease of admission to the various areas of
an i tem.

• Availability
A measure of the degree to which an i tem is in the operable and
committable state at the start of the mission , when the missi on is
called for at an unknown (random) point in time .

• Building Block
A functional major subsystem which has a specific purpose in the
system and is composed of a number of interfacing modules and
components. 

-

• Burn-In
The operation of an item to stabilize its characte ri stics.

) • Checkout
Tests or observations of an item to determine its condit ions or status.

• Component
A combination of parts , usually self—contained , which performs a
particular function (or more than one function) and is usually at the
replaceabl e item level.

• Debugging
A process to detect and remedy inadequacies , preferably prior to
operational use.

• Demonstrated
That which has been proven by the use of concrete evidence gathered
under specified conditions.

• Failure
The inability of a part , component assembly, etc., to perform its
required function within specified limits.

• Failure Analysis 4

The logical , systematic examination of an Item to identify and ç’~analyze the cause and mode of failure of the item .

• Failure Mode ’

The manner in which a hardware i tem fails.
- —  4 - ~~~~~~~~~~~~~~~~~~~~~~~~~ 5- 
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• Failure Mode Effects Anal ysis (FMEA)
• A technique for system desi gn evaluation which lists elements of

that design , determines the effects of modes on system/elements ,
and documents built-in deterrence or corrective action necessary.

• Failure , Random
Any failure whose occurrence is unpredictable in an absolute sense
but which is predictable only in a probabilistic or statistica l sense.

• Failure Ra te
The number of failures of an i tem per unit measure of life in cycles ,
time , or events as applicable.

• Ilazard Level
A qualitative measure of hazards stated in rel ative terms . The
following definitio ns of hazards l evel s are in consonance with
applicable MIL Specifications.

• Human Eng ineering
The area of human factors which applies scientific knowledge to the
design of i tems to achieve effective man -machine integration and
utilization.

• Inheren t

• Achievable under ideal conditions , generally derived by anal ysis and
) potentially present in the design.

• Item
Used herein to denote the l owest level of hardware assembly as a
component or part.

• Ma intainabi lity
A characteristic of design and installation which is expressed as
the probability that an item will be retained in or restored to a
specified condition within a given period of time , when the maintenanc
is performed in accordance with prescribed procedures and resources.

• Maintenance
All actions necessary for retaining an i tem in or restoring it to a
speci fied condition .

• Maintenance , Corrective
The actions performed , as a result of failure , to restore an i tem to
a specified condition .

• Maintenance , Preventive
The actions performed in an attempt to retain an i tem in a specified

( — condition by providing systematic inspection , detection and preve;~tion) of Incipient failure .

• Mean-Time -Between-Maintenance
The mean of the distributi on of the t ime intervals between maintenance ~~—
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• Mean-Time-To-Re pair (MTTR)

The total corrective maintenance time divided by the total number of
corrective maintenance actions during a gi ven period of ti rt le .

• Mean-Maintenance-Time

The total preventive and corrective maintenance time divided by the
total number of preventive and corrective maintenance actions dur inq
a specified period of time .

• Mean-Time-Betwe en-Failures (MTBF)

For a part i cu la r  in terval , the total func t ion i ng li fe of a popula ti on
of an item divided by the total number of failures w ithin the
population during the measurement interval . The definition holds for
time , cycles , miles, events, or other measure of life units.

• Mission

The objective of task which with the purpose clearl y’ indicates the
action to be taken.

• Module

An assembly of components generally at the replacement level.

) • Operable

The state of being able to perform the intended function.

• ~perationa1

Pertaining to the state of actual usage.

• Predicted

That which is expected at some future date , postulated on anal ysis of
pa st experience .

• Redundancy

The existence of more than one means for accomplishing a given function.

• Redundancy, Active

That redundancy wherein all redundant i tems are operating simu l taneously
rather than being switched on when needed .

• Redundan~y~ Standby

That redundancy wherein the alternative means of performing the
funct ion is inopera t ive  until needed and is switched on upon failur )

) of the prima ry mea ns of performing the function.

• ~~
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, • Reliabi l i ty

The probability that an item subassembly, assembly, or system will
• perform it s intended funct i on for a spec i f ie d i nterval under

stated conditions.

The conservation of human life and its effectiveness and the
prevention of damage to equipments consistent with mission
re qu i rements.

• ~~orage Life (She lf Life )

The len gth of time an item can be stored under specified conditions
an d st ill mee t specif ied re quiremen ts .

• ~js tern

The functional total of all Building Blocks required to accompl ish
a process and representable by a process logic di~ qrani .

• Time, Active

That time during which an i tem is in the operational invento ry .

• Time , Adjustment or Calibration

That elemen t of Maintenance Time during which the needed
adjus tments of cal ib ra t ions are ma de .

• Time, Administrative

Those elements of Delay Time that are not included in Supply Del ay
Time .

• ‘[j ime, Checkout

That element of Maintenance Time dur ing which perfor iance of an item is
verified to be in specified condition .

• Lim e, Cleanu p

That element of Main tenance Time during which the i tem is enclosed and
extraneou s material not requ i red for ~peration is removed.

• hme, De lay

That element of Downtime during which no maintenance is being accomp lishl
on the item because of either supply delay or administrative reasons.

• Time , Down (Downtime)
( Tha t elemen t of Time during which the i tem is not in condition to
) perform its intended function .
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• Time, Fault Correction

That element of Maintenance Time duri ng which a failure is corrected
by (a) repairing in place; (b) removing, repairing , and rep lacing ;
or (c) removin g and replacin g with a like serviceable i tem .

• Time, Fault Location

That element of Maintenance Time during which testing and analysis is
performed on an item to isolate a . fa i lure .

• Time, Item Obtainment

That element of Maintenance Time during which the needed item or
i tems are being obtained from designated organizational stockrooms .

• Time, Mission

That element of U ptime dur ing  which  the i tem i s performin g i ts
des ignated m i ss ion.

• Time, Modifica tion 
-

The time necessary to introduce any specif ic change (s) to an
i tem to im prove its characteristics or to add new ones.

• Time, Preparation

) That element of Maintenance Time needed to obtain the necessary test
equipment and ma intenance manuals , and set up the necessary equi pment
to initiate fault location.

• Time, Reaction

That element of Uptime needed to initiate a mission , measured from
the time the con-niand is received .

• Time, Supply Delay

That element of Delay Time during which a needed item -is being obtained
from other than the designated organizational stockrooms .

• Ti me, Turn-Around

That element of Maintenance Time needed to serv ice or check out an
i tem for recommi tment.

• Time, Up (Uptime)

That element of Active Time during which an i tem is either alert ,
reacting, or performing a mission .

) 
.
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• Uptime Ra tio

The quo tient of Uptime divided by Downtime .

• Wearou t

The process of a t t r i t i on  which  results  in an increase of the
failure rate with increasing age (cycles , time , miles , events , etc., as
a pp l i c ab l e  for the i tem).

)

(•
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3.5 DOCUMENTS REVIEWED

In addition to technical discuss ions with key engineering and super-
• visory personnel at both Edgewood Arsenal and Tooele Arinu Depot , a rela ti vel y

larg2 num ber of drawings , test re ports , desi gn cr i teria , an d rel a ted U .S.
A rmy documents were reviewed by the contractors in preparation for basel ines
of this report. The sources of informat ion for the data p resented herein

• are as follows :

MIL-STD-785A Re,l i ab i l i t y  Pro gram for Systems an d
Equipment Develo pment and Production

MIL-STD-721B Definitions of Effectiveness Terma for
Reliability ,

MIL-STIJ-470 Mainta inability Program -Requirements

MIL-STD-882 Requirements for Systems Safety Programs

MIL-STD-1472A Human Engineering Design Criteria for
Military Systems

P
MIL-STD-280A Definitions of Item Levels Exchangeab~1ity) Models and Related. Terms

AMCP-702-3 Reliability Handbook

FARADA Failure Rate Data Handbook - Navy FMSAEG

RADC-TR-68-14 Nonelectronic Reliability Handbook , RADC , N . Y .

PMO Chemical Munition Stockpile Inspection
(Aberdeen) Conducted in Support of the Chemical Agent
28 May 1975 Munition Disposal System (CAMElS)

EA & TEAD Design Criteria , CAMDS
(April 1975)

I
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Hercul es , Inc. Preliminary Hazards Analysis of a Metal Parts
Furnace and Air Pollu tion Control System

Hercul es , Inc . Failure Mode and Hazardous Effects Analysis
of a Metal Parts Furnace and Air Po ll u t i on
Control System

PMO (lEAD) Enclosure 17 , Surve i l lance and Movement of
(Maj. Timpf) Munitions , to Draft Demilitariz ation Plan ,

July 1975

The Marquardt Co. Engineering Eva l uation of the CAMDS Muni-
tions Demi l Machiner y Design , 01 , Vol I , 1974

The Marquard t Co. Engineering Evaluation of the CAMDS Muni-
tions Demil Machiner y Design , 01 , Vol 11 , 1974

PMO - lEAD Chemica l Munition Stockpile Inspection -
(28 May 1975) Support of CAMDS

TEAD Enclosure 5, Ex plosive Containment Cubicle
Testing and Related Data , to Draft Demil Plan
for CAMElS , July 1975

TEAD CAMElS Test Reports - various series , 1972-75

TEAD CAMElS Drawings - Aperture Cards , as available

) Hercules Inc . Preliminary Hazards Analys is  of a Deactivati on -

Furnace and Air Pollution Control System

Hercules , Inc . Failure Mode and Hazardous Effect An alysis -
of Deactivation Furnace and Air Pollution
Control System

Hercules , inc.  Failure Mode and Hazardous Effec t Analysis

- of the Agent Destruction System fo r CAMDS .

Additional References include the following:

(1) MIL-HDBK-472 , 24 May 1966, “Mi litary Standardization Handbook ,
Maintainability Prediction ”.

(2) Army regulation number 702-3, 22 March 1973 (Revision pages

~~~~~~ ~~~ ~~~~~~~~~~~~~~ 
Re~)~abi  1 I t~~

(3) MIL- HDBK—2l7A , 1 December 1965 , “MilItary Standardization
Handbook, Reliabilit,~ Stress and Failure Rate Data for
Electronic Equipment.

(
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(4) RADC-TDR -64-373 , Vol . I Final Report , “Analysis of Maintenan c
Task Time Data (covering electrical , electronic and
electra-mechanical components durin g Weapon System Operation
Phase) ,” December 1964. Reliability Branch , Rome Air Develo pment
Center , Research and Technology Division , A ir Force Systems
Command , Griffiss Air Force Base , New York.

(5) RADC-TDR-64-373 , Vol . II Final Report , “Anal ysis of Maintenance
Task Time Data (covering mechanica l components during Weapon
System Operational Phase),” December 1964. Reliability Branch ,
Rome Air Development Center , Research and Technology Division ,
Air Force Systems Command , G r i f f i s s  A i r  Force Base , New York.

(6) AMRL -TR -68-74 , “A Portable Test Battery for Comparatively
Evaluating Operator Performance in Full -P ressure Suit Assemblies ,”
October 1968. Aerospace Medica l Research Laboratories ,
Aerospace Medical Division , Air Force Systems Command , Wr ight-
Patterson A i r  Force Base , Ohio.

(7) Huchingson , R. 0. “An Eva l uation of the Gemini 3C-8 and the USN
Mark IV Pressure Suits to Determi ne their Effects on Seven
Psychomotor Sk ills. ” Dallas , Texas; LTV Aerospace Corporation ,
Un dated .
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4.0 PHASE I SYSTEMS LEVEL ANALYSIS

4.1 ANALYSIS APPROAC h AN D MET HODOLOGY

To estimate the production rates for each CAMDS configuration the

analysis is performed in the followin g logic sequence.

1) Determine the system availa bility resulting from random
failures and time to repair them .

2) Determine the reduction in system availability
as a result of other factors such as environmental conditions
and u t i l i t i e s .

3) Determine the production levels for each operational
condition (scenario) based on equipment capacity(s) and
estimated system availabilit y.

4) Determine the reduction to estima ted production levels
as a function of operational and preventive maintenance
requirements.

Estimates of the failure rates and maintenance times for each con-

) figuration were obtained by summing the failure rates and maintenance times

for each individual building block. This assumes that all production crit ical

building blocks operate in series , and a failure of any one bu i l d ing block
will cause the total system to become inoperable. This method provides

• reasonable (slightly conservative) estimates of system availability .

Given the failure rates (NA) and maintenance times (NxTM) of each
build ing block , the mean time between failure (MTBF) and mean time to repair
(MTTR) -f or the system are determined as

- M A I MMTBF and MTTR 
~~

. N ~~ -
• . -

The availability of the system considering the occurrance of random failures
is then

Availabil ity = 
1
MTTR1 

~~MTBF

In addition to the availabil ity of the system as represented by the
individual building blocks , the system production levels are also influenced

~2 
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by other factors such as weather and utilities. These factors can be
incorporated into one term representing a modification factor to the tota l
system availability . Again assumin g each factor influencing the oper~tion
of the system is in series , this external modification factor can be multiplied
by the availability of the system as influenced by random failures . Because it
may be necessary to schedule operational maintenance on the facil ity during the
normal operational period , the production levels resulting from both internal
and external failures must be modified to include the effects from these
scheduled down times . The total availability of the system will then be:

A v a i l a b i l i ty  = Availabi lity R * Avai labil ity EX
where -

Avai labi l i tyR is the availabil i ty of the system when accounting
for internal random - failures

Avai labi lity EX is the availability of the system when accounting
for external random failures -

) Tm is schedule operational maintenance times
I is normal operating period .

Daily production of the system Is determl t~ed by finding the daily time
period (Top) when the system is operating normally.

lop = Availabil ity * I

and factoring this by the maximum system production rate .

Daily production = Top * (production rate)

‘I
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4.2 FACTORS INFLUENCING PRODU CTION RATES

System production rates can be influenced by a number of equipment ,
opera t iona l , and other factors . Equi pment factors include the production

capacity of the building block equipment and production time lost due to
operational maintenance requirements , preventive maintenance requirements ,
and equipment  failures. Operational factors include production scheduling,
operator proficiency , and those safety and environmenta l requirements that
result in production time reducing procedures . Other factors which influence
production includ e environmental conditions such as wind , snow , and extreme
temperature ; the availability of utility services , power outages , for example;
the availability of consumables such as fuel , caustic soda , etc.; and the
availability of repair parts .

4.2.1 Equi pment Factors

) - - 4 .2.1 . 1  Equipment Capacity

• Capacities of all building blocks in each munition configuration have
been assessed and maximum system rates estimated . Table 4-1 summarizes the
maximum hourly production rates for each system or munition confi guration .
The “bottleneck” building block for each configuration is identified in
Section 6, however , the demil machines normally pace production . The rates
in Table 4-1 are the maximum attainable , without failures or scheduled down-
time , based on present building block design status.

4.2.1.2 Operational Maintenance

Production rates can be infl uenced by the amount of required maintenance
which cannot be performed w hile the system is in operation and cannot wait
for preventive maintenance periods. A few of these operational maintenance
actions have been identified and are listed in Table 4-2. In a three shift /
day operation , downtime will be required to perform this type maintenance .

(
)
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Table 4-1 . Maximum System Production Rates

Munition Rate (Items/ Hour)

M55 Rocket 16
105 mm Projectiles Without Bursters 30
105 mm Projectiles Wi th Bursters 28
155 mm Projectiles Without Bursters 30
155 mm Projectiles With h3ursters 28
8” Proj ectiles 20
4.2 ” Mortar 50
1123 Lan d Mine 40
MC-l Bomb 1.2
Spray Tank 0.2
Ton Containers J 0.25

)

Table 4-2. Identified Operational Maintenance Requirements

Munition . . 
- 

Building Block Action

M55 Rocket RDM Replace saw blades
segregator clean-off

Projectiles/Cartridges P011 Replace saw blades at
wi th Bursters projectile saw station and

burster saw station chip
removal

Projectiles /Cartridges PPD Cutting tool replacement
without Bursters at burster weld cutting

station

_ _  _ _ _  - •~~~~~
._

~~~~~~~~~~~
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4.2.1.3 Preventive Maintenance

There are no preventive maintenance actions identified which require
System shutdown that cannot be handled adequately during a weekend maintenance

shift. -

4.2.1.4 Eq~l pment Failures and Repair Times

Data has been developed for expected failures per million hours (N ~ J ,

the mean time between failures (MTBF), the time to repair failures per
million hours (NATM), and the mean time to repair (MTTR) for all munition con-
figurations. These data have been developed in the phase II study (Section 5.0),

assume that equipment failures are occurring in the random portion of the
probability curve , i.e. after system infant failures but before system
wearout. The repair times take into account trouble shooting time , agilit y
reductions due to protective suits and gloves , and space/accessibility
limitations.

4.2.2 Operational Factors

The production schedule used for this study is a 3 shift /24 hour day -

5 day week wi th weekends used for preventive maintenance and scheduled
overhauls. All production rate estimates assume compliance with all safety
requirements imposed and a trained , competent crew of operators and
maintenance personnel .

4.2.3 Other Factors -

This analysis has assumed that consumables and appropriate repair parts
will always be available. The effect of unacceptable environmental conditions
and utility service has been described by estimating the number of days per year
unacceptable weather conditions would occur and the duration of these conditions
and by estimating the number and duration of utility failures . Because of the
uncertainty Inherent in estimating these conditions , a combined “range ” value
(0 .999 ) representing “best” and (0.95) “worst ” case was selected . This range
says that these factors wil l  influence production at worst 5% of the time and at

• best 0.1% of the time.

U
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4.3 ANALYSIS RESULTS

4.3.1 M55 Rocket

The configuration for the demil of 1155 (GB or VX) 115 mm rockets is
shown in Figure 4-1 . The production bottleneck for the system is the
Rocket Demil Machine (RDM). All other subsystems are capable of production
rates far in excess of the RDM capacity . At present the RDM rate is running
from 3 mm 35 sec to 3 mm 45 sec per rocket. Therefore the RDM has a
production capacity of 16 rockets/hour.

Two frequent operational maintenance actions ’ have been identified that
would require shutdown of the system to perform . They are saw blade change
in the RDM and segregator clean-off. Saw blade, change will take 30-35 minutes
and may be required for some stations approximately every 110 rounds. Segre-

~ator clean-off should only take 5-10 minutes and will probably be required
once per shift.

There have been no preventive maintenance actions identif led that
require system shutdown that cannot be handled adequately during a weekend
maintenance shift.

Equipment failure and repair time data are presented in Tables 4-3 and
4-4. As indicated , the availability of internal systems -are .8439 for VX
and .8535 for GB. As stated previously, because of the uncertainty i n  the

external factors affecting system operation , a range of availability for
“worst ” and “best ” case conditions for the total system is assumed . This
range is presented in Table 4 -5 along with the resulting production ra tes.
Any down time for operational and/or preventive maintenance wil l  reduce pro-
duction rates as shown in Figures 4-2 and 4-3. The production rate for a
30 mInute downtime per operating shift (total 90 mi nute down time ) for saw blad

replacement is elso indicated in the fiqures .

)
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4.3.2 Projectiles/Cartridges , GB or VX Wi thout Bursters

The system for the demil of non-burstered GB or VX filled projectiles ar
cartridges is shown schematically in Figure 4-4. All building blocks shown

must function to sustain production. However , momentary shutdown of certain
elements of the system for preventive , corrective or housekeep ing ma inten anc€
can be acconinodated without affecting production. Examples of elements whic~
can be momentari ly shu t down are the DUN , the UPA (because of the accumulatic

capacity of the PDF input conveyor) and the ADS (agent storage tanks permits
continue d operation of the rest of the system).

Evaluat ion of the processing capabilities of the building blocks ident if

the PPD as the production limi ting subsystem . Projected hourly production
rates of the PPI) are :

105 mm Cartridges 30
155 mm Projectiles 30
8 inch Projectiles 20

No operational or preventive maintenance actions have been identified wh

) would require shutdown of the production line. As indicated above , certain
elements may be momentarily shut down wi thout affecting production. However ,
all normal maintenance actions can be adequately accomp lished ouring the
scheduled weekend shutdowns and no requirement for partial shutdown of the ii
can be identified.

Equipment failure and repair time data for each of the projectile/cartri
without bursters configurati ons are presented in Tables 4-6 to 4-13. The ran’
of availability- including external factors and the resulting production rates
given in Table 4-14. These rates do not include maintenance times which redu

production . Any down time for maintenance will reduce the production rates a~
Ind icated in Figures 4-5 to 4- 10
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4.3.3 Cartridge , GB With Bursters

C 
The system for the demi l of burstered GB filled project i1~c and cartridg

is shown schematically in  Figure 4— 11 . Sustained production requir~~ the

functi oning of all building blocks shown. As in the case for GB/VX fil led nor

+ burstered projectiles and cartridges (cf., Section 4.3.2) momentary  s h u t d o w n

of certain elements can be accommodated for maintenance without disrupting
production . However , as in the case of non-burstered projectiles/cartridges ,
no requirement for such shutdowns can be identi fied.

Evaluation of the system production capacity indicates the PDM as the
- production pacing subsystem. Projected hourly processing rates of the PUM

p rocessing 105 mm burstered GB filled cartridges is 28.

Beyond shutdowns for per iodic  replacement of the projec ti l e  nos e closure
or fuse cutting saw blade in the PDM , no shutdown of the system for operation c
maintenance can be identi fied. This replacement can be readily accomplishe d

wi th minimal down time and effect on production.

) 
- 

No preventive maintenance actions have been identified which would requi r

production line shutdown.

Equipment failure and repair time data for the projectile/cartridges wit~
burs ters confi guration is presented in Table 4-15. The range of availability
including external factors and the resulting production rates are given in
Table 4-lb. These rates do not include maintenance times which reduce produc-
tion . Any down t i me for maintenance wi l l reduce the production rates as in-
di cated in Figure 4-12. +
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4.3.4 Projectiles , Mustard With Bursters

Figure 6— 13 illustrates schematically, the demi l system fo, iustard fill
burstered projectiles which is fundamentally similar to the production line f +

GB/VX filled burstered projectiles. The prima ry difference being GB/VX pro-
jectiles are drained by the PPD and mustard projectiles are not. As such ,
similar to the GB/VX burstered projectile line , momentary shutdown of certain
elements can be accommodated without affecting the processing rates. All
elements however , mus t function to susta i n p roduc ti on.

Evaluat i on of the processin g ca pab i li ties of the bui ldi ng b locks id en tif

the PDM as the producti on limiting subsystem. Projected processing rate of 1

mustard fi l led burstered projectiles of the PDM as well as the dem i l li ne is -

- per hour .

Peri odic replacement of dull projectile nose closure cutting saw blades
is the only operational maintenance activity requiring shutdown of the produc
tion line. I-fr~wever , as indicated in Paragraph 6.3, saw blade replacement is

) readily accomplished and could be effected with minimal disruption of
munitions production. No down time is anticipated to replace dull burster sa~
blades as it is proj ected that these blades have a cutting life which would
permit replacement during scheduled maintenance down times with adequate blad
life margins.

+ No preventive maintenance actions have been identified which would requi-
shutdown of the production line.

Equipment failure and repair time data for each of the projectiles , must .
with bursters configurations are presented in Tables 4-16 and 4-17. The rangt
of availability including external factors and the resulting production rates
are given in Table 4-18. These rates do not include maintenance times which
reduce production . Any down time for maintenance will reduce the production
rates as indicated in Figure 4-14.
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4.3.5 M23 Mi ne, VX

The system for the demil of M23 Mines is shown schematicall y in
Figure 4- 15 . All building blocks shown must function to sustain production .
Loss of supportive building blocks can be accommodated for varying periods
without disrupting production ; however , long term loss of suppor t i ve  building
blocks will affect production and shut down the production line.

Evaluation of the processing capabilities of the building blocks
indicate that production of M23 mines will be limited by the MIN machine
which is designed to process 40 mines per hour . With the exception of the
ADS , which can be shut down as long as the agent neutralization tanks can
store (accumu late ) agent from the ECC , the M 3  mine production line is
without elements with significant accumulation capac ity ; partial shut down
of the line without disrupting production for maintenance is therefore not

( possible. Since , however , no operational or preventive maintenance action

) can be identified which would require partial shutdown of the line , maintenanc
requirements will not affect production rate .

The punches in the MIN machine , as well as the associated seals , will
require periodic replacement. Current projections indicate this can be
accomplished during schedule downtimes and wil l not affect production
rates.

Equipment failure and repair time data for the M23 mine configuration
Is presented in Table 4-19 The range of availability including external
factors and the resulting production rates are given in Table 4-20 . These
rates do not include maintenance times which reduce production. Any down
time for maintenance will reduce the production rates as indicated in
Figure 4-16.
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4 .3.6 4 2  Inch Mortar , Mustard

The system for the demi l of mustard filled 4.2 inch mortar cartridges
is shown in Figure 4-17. Sustained processing of 4.2 inch mort ?rs require
the functionin g of all building blocks shown . At the present time , th~ MOR
machine is still in the design process. As such , actual produc ti on rates , as
as operational and preventive maintenance requirements , can not be full y ident

Analysis , howevet~ indicates that production rate of this lime will be limited
the MOR machine which has a design processing rate of 50 mortars per hour .

No operational or preventive maintenance action requiring production
line shut down have been identified for all elements in the system other
than the MOR building block. Preliminary designs , however , of the MOR suggest
that no operational or preventive maintenance shut down will be required.

Equipment failure and repair time data for each of the 4.2” mortar
configurations are presented in Tabl es 14.21 and 4-22. The range of avai l abi li t
including external factors and the resulting production rates are given in Tabi
4-23. These rates. do not include maintenance times which reduce producti t

) Any down time for maintenance wi ll reduce the- - production -rates as indicated in
Figure 4-18.
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Table 4-21. Mortar , 4.2 , M2/M2A1 , HD , Availability Parameter
Suninary 

__________ ___________ _______- -

Avail
Building Block N X  MTBF N~TM Mli ’R abi li

‘

~ 

Unpack Area Neg N/A Neg N/A

Explosive Conta inment Cubicle 1074.292 931 12350305 1L50 0.98

Deactivation Furnace System 2520.1 397 17417.3 6.91 0.98:
Metal Parts Furnace 4380.3 228 38396 8.77 0.96~
Utilities 4328.878 231 43193.280 9.98 0.95~
ECC Hydraulics 4328.878 231 43193.280 9.98 0.95k

V Agent Destruction System 2248.3 445 14483.4 6.44 0.92!
Projectile Pull and Drain Mach. 4342.658 230 45566.522 10.49 0.95(

+ Material Handling Equipment 3303.3j8 303 33099.942 10.02 0.96~
Filter System 887.0 1127 6291.8 7.09 0.991
Mortar Demil Machine 922.44 1084 1 3027.7 14.12 0.98~
Piping 23.908 41827 64.232 2.69 99S
Electrical 509.916 1961 1031 .496 2,02 u.997) Closed Circuit Television 114.155 8760 228.310 2.0 O99~
Comunications 365.296 2738 l095.E~8 3.0 0 992
Detectors- 1428.6 700 l428 6 1.0 0.998
Site Control System 2787.872 359 5973.744 2.14 0.994
Transportation 2857.1 350 285/.1 1.0 0.997

Total Munition Process 36423.0 27.4 279699.3 7.7 0.781

)

)

_________  - — — —— —______
— --- V-V - - — ~a- - • — - —-- - V - - — — - - — 

-
~

- 
- :



I

CO C) C) ‘.0 ‘.0 N. CC CD N. — C) 0) N. C) CD — C-i CC
>‘, N. C’~J C’) CD U) LV) ‘.0 CO CV) N. C) N. C) 0) 33 C— - -

I 4) CO CO ID U) U’) CD LI) CD C) CO 0) C)’. 0) C’. C) C) Ci C))

— ‘a- CD 0) 0’. 0) C) 0’. C) C) C) 0) C) C) 0) C’. 0) 0’. C) C) N.

>‘ ~~~~~
- .- C) C) C) CD CD CD CD ~~ .~~ CD Q CD CD CD C) CD CD C)

5. >0  V

It < ( 0

41) C) — N. CO 03 It’ 0) C’)) C) C-) 0) C’) It’
CC U~ C) N. C) 0’. It’ CC C) CD a- ‘.0 CD CD C) CD — C) N.

C- I’— —. 
0) F- a- CD CC) C) 0’. ‘.0 CD CD N. CC C”) C’) C’) C”) — C-i a— N.

V 
- 4) ~~ a- a- a- a-

C) 
_ _ _• E

(S
C- 4/) CD C) C’) C’) C’) ‘.0 CD CC) CC
It CD CO CC) C’) It’ CD 0” a— 03 CC
0. N. CD C”) C-) CC U) 0) CC) N. C-) CC C’) CD CO N. ~- CV)

>‘. F- o C) N. ‘.0 CV) C’) CD 1.0 C) — N. CC a-- CD LV) C)) C’) N. 0)
4) ~< 0) U) — a’. C) C’. 03 ‘.0 C) C) C’) CD C”) C’) C) C’) C-- U) C)

~~ C’) It’ C’) a- — CC U) CD C’) CD 0 C-) CD CC C) CD ID
— C’)) N. CD CV) C”) CC U) C’) 1.0 CD a- — a- U) C’) C)
‘.- a- a- C’) It’ CC a- CC CV) a- N.
.0 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _

It —

a- CC

It U. CC a- N. CD — a- U’) CD CV) N. CC N. a- CD 03 C) C) C) N.
> £0 .. C’) 0) C-i CV) C”) It’ CV) C) C-i CD C’) ‘.0 ‘.0 C’) CD LV) LI) C-i

CC F- ~~~ 0’. CD C’)) C’) C”) It’ C’) C’) a- CD CD 0) N. N. N. C’) C’)
a- a-’ — — Cx) C-i

- CC
C-

C-1 C’)) CO 03 CD CO 0) ‘.0 U) ‘.0 C”)
0’. N. N. U) CV) CC CD a- U) 0) N.
C’) — CV) CD -CD CV) 1.0 CV) CD It’ C) 0’. — C’) 1.0 CO a-. CD

+ C”)
Z C’. It’ CD C) CD CD CD C’)) CD N. C-i C’) 0’, It’ SI) Cx) N. N. C’)

~~ CI) N. C’) CO C’) C”-) CC CC CD CO C’) C’.) CD — ‘.0 C”) CD U) C’)
CD U) C”) CV) CD C’)) CD C’) CO C) IC) — C’) It’ N. CC) It’
a- C’) CC CC CC C.) CC C”’) a- C’) C’) 1,0

C’) C”')

It’ -
‘C

— 0) 0
+ C- a- It

It U C 41 ‘A4) 0) C ‘A
5. . 0 4 1  0 5)  C 0)
0 ‘A C -a- ~~ 0 0

L >-. 5) 0. ‘a- 0
4/) 4.) C- -.- ‘A C-

0 4) ‘ A C )  .a- Cx.
- 0 O W  >-, C’ CI) >

C”) a- 0) U CI) U) ‘C U) C CI) E C
C’) 33 E a t  0 0 -a- a— 0

• C C (5 C (0 0’. .0 0) 4) -a-
CC ‘a- 5. 0 0 C 0 F- ‘A -1’-’

C (S ~~ C- ‘a-’ — ..- (5 >~
5) a- 4) U. ~~ ‘A #~ — a- 4-’ vi 11) C C
— ‘0 0 CL. U C.) D ‘C a- 0 0 ~~.0 a- 0 C •i- 0. 0 0) — ~~ 0 — a-
It a- 40 5.) 0 (fl a-- 5. It 4) -a- U -a- 0 4)
F- ~~ 5) -a- 4) 4” 5) = ‘A C a- C- 4-) C- (5 a—

33 5. 5) -4.) C- vi (5 ‘A — )‘~ 0) (S ‘a- (5 ‘A 4) 4) (S
CC > ( S a t  5) C- 5) -.- — U) CD 0 5 .)  0 5 . 0 5.  4)

-.- > 0. ‘a- ‘C CD 4) It -.- ‘a- 0 0 0 0
.~~ ‘A -a- 4.) >., 0 ‘a- C- C- C’. C- ‘C 0 4) C-) 0. C—

• 0 0  4-’~~~ — -— 4 1 5) 5 . 5 ) 4 0 04 ) 0 )  ~~ U ‘A
( S a - 0 I t —  C ‘a-) 5 ) 4 1 4 ) - a-u ‘A E 0 ) 0 ) 0
0. 0. (0 4-) -a- 1.) 0) 0 4) — 1.. 0. 0) 0 E 4) ~~

) (S
C X 0 ) 5 )4.1 5.) 0’. C - I t a -  0 - a -  — — O Q ) a - C -

CD U) C) CD CL) < 0 .  Li. ~~ 0. LU C-) 5.) CD U) F-

-r

- , — ~
‘ — _ - - — ~ r ---- “k’ - - ________- — ___________ — - P

— V 1’ , 
• ;~~~ 7 V V • ’ I  ‘

~: 
- 

~~~~~~~~~~~~~~~ + V .  ~~ :‘ - -



LU
I--

‘

CC

F - C D ’—. C)

CD C)
a-

C”)—
I),

LU
I—• CI) C C -”-

CO 1.0
g:~ g~

~~= — V ) 
I C0

F-L) U CD C)
U ~~~~~~~~~~~ a’. C)

C D—  CC) O~)‘0

0. 
_ _ _ _ _ _— _ _ _ _ _ _ _ _ _ _ _ _

‘U 1.0 CO
C C) C)
CU 0) 0’)

i”
>“ 1— ”-”
.
4-) 41)-V_ia- >~~

_•a-
CC 

C’) C”)
(5 C-i C’)
a- CC CC CC
‘a- CD> C”-’, 

N.

F - C C

-~~~~~~~

:‘ - - — 

‘ ‘ . :  
‘ ‘~~~~

;. .  ~~~~~~~~~~~~~~~~~~ - - -



CD

CD. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
--

C)

(N
C)

BEST CASE

~~~~~~~~~~~~~

C

C).
C.)
CO

CD

CD
CD
CO.

0.0 20.0 40.0 60.0 80.0 1~~ .O
M Fu INT E N A NC ~ TI M E, 1’IIN. ( TOTAL ) /DA ’x’

FIgure 4-18. Relation Between Production Rate and Maintenance Time ,
) Mortar , 4.2’, M2/M2A1 , lID and Mortar , 4.2” , M2/M2A1 , 117

_ _ _ _ _ _ _ _ _  - -‘ - — - -- —-- —~~~~~~~~~~~~~~ 
-‘ _ _ _ _ _ _ _ _ _ _ _ _

_ Vy 4 __ — -‘-
i 

11* _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



I

4.3.7 BULK ITEMS , GB/VX V

The system for the demil of GB or VX filled Bulk Items is shown
schematically in Figure 4-19. For processing of GB filled Bulk Items , the
ETS is required for the preparation of Na2CO3 decon solution ; for VX

filled i tems , it is not required . All building blocks shown are required
to support processing of Bulk Items and failure or unavailability of any

bui lding block would affect production .

Desi gn production rates of GB/VX filled Bulk Items are as follows :

MC-l Bomb 1.2/hour
MK-94 Bomb 1,2/hour
Spray Tank 0.2/hour
Ton Container 0.25/hour

Evaluation of the processing capacities of the building blocks identify the
production limiting subsystem as the BIF munitions drain fixtures and the

) associated piping system. However , since the BIF design processing rates
exceed the targeted dail y rates , and no other equipment limitations have
been ident if ied , the required product io n rates should  be realized .

No operat ional ma intenance actions requiring producti on line shut
down have been identified . Projected drill bit life is such that dull drill
bit replacement can be accomplished during the weekend maintenance down
t imes with adequate life margins.

No preventive maintenance actions have been noted which woul d require

shut down of the product ion line that cannot be handled adequately during a
weekend maintenance shift.

(quip ~ent failure and repair time data for each of the bulk item
r~~~Iqu r i ’ l o f l 5  are presented in Tables 4-24 to 4-28. The range of avai labi l i ty

I I  1 ~~~~I a,q e,?ørn~~1 factors and the resulting production rates are given in
- pi ‘ -~~~,e rates do not inc lude maintenance time s which reduce pro-

Ar , *.,ir’ •1m for ~~~~~~~~~~~~~~~~~ wil l  reduce the production rates as
- -- 4 ‘f j ‘ or th, 150 lb bomb and MK94 bomb. The product ior ~te

.• ‘a” •$ f l  “ d*jc~ on, ‘tim per day for mit n te na nce  t ime of
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4.3.8 Ton Containers , Mustard

The system for the demil of mustard filled TOn Containers is showr

~ schematically in Figure 4-21. Only two major building blocks are directly

~ ~ 
involved , However, unavailability of any of the supportive building blocks

~ 
affects production , eventually if not immediately, and will shut down the

~ production line if unavailability is long term.

~ 
Evaluation of the processing rate of mustard filled Ton Containers ident -i

~ 
the MPF as the production limi ting subsystem. Maximum production of Ton

~ Containers would be one container every four hours which is the MPF Ton

~ 
Container design processing rate. 

V

$ No operational or preventive maintenance actions have been identified

~ 
which would require a nonscheduled shutdown of the production line.

~ - 
Equipment failure and repair data for the Ton Containers with mustard

~ ~ 
configuration is presented in Table 4-32. The range of availability includ-) ing external factors and the resulting production rates are given in

~ 
Table 4-33- These rates do not include maintenance times which reduce

~ 
production . Any down time for maintenance up to two hours will reduce

~ 
production to four i tems per day.
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4.4 PRODUCTIOfl DURING SYSTEM START-UP

Assuming adequate design and functional testing has occurred , the two
major factors that affect production during system start-up are high initial
failure rates due to “infant mortality ” and inexperienced operator/maintenance
personnel . Infant mortality can be reduced by “burn in ” of components for a
period of 5-10% of their expected MTBF . Some burn-in will occur naturall y

; 
during subsystem and functional tests . However , a system burn -in time of

I 
250-350 hours is not excessive , and until this much production time is on the

i 
tota l system , excessive component failures can be expected . Based on initial

~ 
one-shift /day operation and assuming failures are three times norma l during

I 

the first 100 production time hours , two times normal during the second , and

~ 

50% more than norma l during the third , and also assuming average repair

~ 
times can be managed , system production for the first operational configuration
the M55 Rocket , would be as shown in Table 4-34. Personnel learning curves are

~ 
V 

not available for situations found in CAMDS but it would be reasonable to
)  estimate that production capability would be reduced significantly further ,

say 10% more in each month , with steady state rates not reached until the
fifth month. The results of this scenario are shown in Fi gure 4-22.

: The start-up effects for subsequent systems are much more complex.

~ 
Succeeding munition configurations utilize many of the same bu ildi ng b locks

~ used in previous configurations. As a result , infant mortality and operator

~ 
proficiency probably would not be a factor in the performance of these comon

I 

: 
elements . To estimate subsequent system start-up production , the increased

~ failures due to infant mortality and the lost time due to operator and main-
- tenance personnel proficiency must be determ i ned for the new elements only,

Only those reductions caused by the new elements would be subtracted from the
“mature ” system production rates estimated in Section4 .3. To perform this

~ estima te, the implementation order for all munition configurations is
I 

required . Since the scheduled order has not yet been determined , start-up
effects for subsequent systems was not attempted . It is safe to assume

_ ; however , that the percent reduction in production rates during start up for
I ( subsequent systems would fall between the percentage reduction estimated for

~ )  the M55 Rockets and “mature ” system levels.

(
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Table 4-34 Estimated M55 Rocket (GB/VX) Daily Production
Rate by Month for Single Shift Operation
During System Start-Up (Ignoring Learning Curve)

MONTHS FROM START-UP NO UPA SAFETY LIMITATIONS

4 104 - 109

5 104 - 109

160

120 - __________ ___________ ___________ ___________ ___________

MONTHS

Figure 4-22 Estimated M55 Rocket (GB/VX) Daily Production) Rate by Month for Single Shift Operation During
System Start-Up (Including Learning Curve)
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5.0 PHASE II BUILDING BLOCK LEVEL ANALYSIS

5.1 GENERA L APPROACH

Data in the form of drawings , reports , manufacture r’s specifi cations ,
coupled with discussions wi th engineering personnel representing both
Edgewood Arsena l and Tooele Ar~niy Depot, have served as the basis for in-
doctrination and familiarization with each of the 37 building blocks which
comprise the CANDS facility . In many instances the building blocks had
progressed in fabrication , assembly, and constructicn far enough to war-
rant on-the-spot evaluation. Test data were available in many cases , and
actual tests were witnessed on occasion. The CAMDS Overall Test Program
Resume , Revision No. 2, dated 12 February 1975, was also made available ,
along with the document entitl ed , “Design Criteria for CAMDS ,’ dated
Apri l 1975, and in particular , Test Plan 6-15 , a Pre-Acce~tance Test of
Rocket Demi l Machine.

The Army furnished a list of all building blocks , along with the

) cognizant engineer from each major area of responsibili ty : AEO , EA , TEAD ,
and PMO. The assignment of personnel from the aforementioned areas to each
of the CAMDS building blocks provided an excellent opportunity to obtain
design and operational informati on with which to conduct the Reliability
and Maintainability Analyses . Additionall y, ana lyses conducted by con-
tractors and/or suppliers were utilized for reference information.

Of the 37 building blocks wh i ch comprise the CAMDS facility currently
under construction at Tooele, Utah , fifteen were isolated as bei ng exempt
from the intent and purposes of this effort. The remaining twenty-two

blocks noted in Section 3.3, were identified as having direct operational
impact on the total CAMDS. Since this particular phase of the Reliability
and Maintainability Program Analysis is concerned wi th the block level
operation only, emphasis was placed upon block assessment.

(
~
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In general , the approach of this study was to determine the Building

Blocks wi th direct impact upon CAMDS munition processing operations ,
identify all component and/or modules making up those blocks , analyze all
pertinent hardware for all reliability and maintai nability characteristics
and quantify these; and finally to determine availability of blocks for the
processing of munitions by proper application and combination of respective
reliability and maintainability factors. This latter analysis has been
presented in data format for both building block availability parameters and
munition availability parameters to facilitate use of the parameters
for other phases of this contract and for customer edification .

In as much as this entire effort concerns CAMDS reliability ,
maintainability and resultant availability , a general discussion of
these three basic disciplines appears appropriate .

5 .1.1 Reliability, Maintainability, and Avai lability

The three major areas ‘~f concern in this ph ase of the contracte d
Reliability /Maintainabilit y Program Analysis invo l ve reliability , ma int 1-

) ability , and availability. Reliability is important from the standpoint
of successfully operating the CAMDS for requi red periods of time . Main-
tainability analysis is vital so that anomolous condition corrections
may be planned and systems may be quickly and efficiently restored
to operable condi tion . Avai l ability is the end resul t of the prior two
areas and denotes the fraction of total time that the system is operable.
Quantified , with combined resul ts, the effects of reliability and maintain-
ability can be shown to result in an integrated availability of the buildin g
blocks of the CAMDS as they are required to servi ce the various munition
types.

Rel i ability , maintainability , and availability have been defined , in
Section 3.4. QuantifIed data are presented throughout this report and
specific equati ons are developed later in the report. A brief examination
of the nature of the three elements which are the basis of this analysis
should be made .

)
) 

.
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The generally accepted definition for rel iability as noted in Section
3.4 is state d as the probability that a specified function wil l be performec
for a specified time under gi ven conditions. It is , briefly he chance
that an item in question will “work ” . The definition points out t ,e need
to know certain bas ics , i.e. , required time of operation , environment of

operation and criterion for successful operation. The result of applying
this definition is a quanti tative val ue for reliability.

The reliability of many items is dependent upon the length of time
that they mus t operate , with the reliability of one item affected by ti me
more than that of another item. And obviously , the probability of failure
per unit ti me, a failure rate, is or can be , di fferent for different

• operating condi tions. For these reasons then , reliability is noted as a
probability condi tional upon speci fied operating conditions and time . In
any specified unit of time divi ded into inte rvals , one of the following
is true. An item wh i ch does not fail in a particular time interval has
the same probability of failure in the successive time interval as it had

) at the beginning of the prior time inte rval . In other words , the prob-
ability of failure per time interval does not change as the i tem operates
successfully through consecuti ve intervals. This phenomenon is referred
to as a “constant failure rate.” An i tem wh i ch does not fail in a parti-
cular time interval has a di ffe rent probability of failure in the succes-
sive time interval than it had at the beginning of the prior time interval .
This situation would apply, for instance , to any i tem which is wearing out.
The item Is said to have a “vari able failure rate .”

Figure 5-1 is a classic failure frequency distribution curve corn—
monl y called a “bathtub ” curve which has been found to approximate the
operating life cycle of a majori ty of electronic and mechanical components ,
and eve n complex systems . The “debugging ” or Infant mortality area is due
to early failure of weak items , inadequate quality contro l, and manufacturi n 

-

erro rs . Systems placed Into operation wil l  hopefully no longer reside in
this are a but will be operating in the “normal” operating or “useful life ”

‘4 period. During this period the probability of failure per unit time (rate )
is approximately cons tant. Failures in this period occur merely as a m~tte r

) of chance and are enti rely random ir. nature . It has been found that the
reliability of time dependent items with a constant failure rate may be

~~T~ TI1 ±I~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. •~•i~ 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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described by an exponential functi on . Reliability can then be derived to
yiel d the equation R = e ~~~~~~~~ where A is the only parameter-failure rate

in failures per hour (or multiple), and t is the single va ri o~
1e, operating

or exposure time , in hours . The reliability function assumes a vciiuc of
unity at time zero and decreases exponentiall y toward zero as time approach
infinity . The •wear-out part of the life cycl e curve is where cumulative
effects on long operation begin to show and failure rates increase .

Another measure of the failure rate e xpectancy is the mean-ti me-betwee ;
failures (MTBF) which is the average operating time between failure occur-

/~\rences . An estimate of MTBF can be obtained from operational data (for the
analyses , data from RADC compiled sources have been extensivel y used) from

the relationship:
A

MTBF = total operating time
tota l of failures

A
Calculation of a MTBF does not necessarily imply that a constant failure

• rate exists , but if such is the case then the exponential distribution is
applicable. The MTBF then is the reciprocal of A , the constant fa i lure
rate, or:

MTBF = 1/A

The exponential reliability functi on then may be alternatively wri tten :

Reliability : R = e_ t #/MT
~~

For certain items , It is more convenient to measure operating time in terms
of cycles of operation. For suc h items , all opera ted to failure , the
mean-cycles-be tween-failures (MCBF) is the avera ge number of operating
cycles before failure occurs . Just as for MTB F, the MCBF is es timate d
from observed da ta by the relation :

• M~~F = 
Total number of operating cycles
Total number of failures

And , if the exponential distribution is applicable , then the MCBF is the
reciprocal of A and the reliability function may be wri tten :

) Reliability : R = e~
I
~
’MC
~~

• where ; n = specified number of
______________ ___________ _____________ 

operating cycles.
.r ~~~~~~~~~~~~~~~
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I

The exponenti al distribution and related formulas discussed above are used
extensively in reliability analysis to estimate the probability of f a i l u r e
duri ng a specified time interval where the assumption of a constant failure

rate is applicable . These formul as, however, do not provi de an estimate
of the time of replacement for any parti cular item . For this reason , when

the constant failure rate applies , a successfully operating i tem should
not be replaced unless some other cri terion is used. If a number of i tems
are in use , howeve r , as in any of the complex Building Blocks or their

subsystems , it is possible to predict the probable number of components
which will fail during many operating peri ods . This info rmation may be
used to determine the rate for spares provisioning.

The definition of maintainability is similar to that for rel iability

and is as follows : “Maintainability is the probability that , when main-
tenance action is initiated under stated condi tions , a failed system w i ll
be restored to operable condi tion within a speci fi ed ti me.” Section 3.4
incl udes all pe rti nent definitions. Maintainability is a function of

severa l pri mary factors: the design of the equipment , the pe rsonnel w. .
) will perfo rm maintenance , and the support facilit ies . Design includes

• the provision of test equipment , bui lt-in diagnostic aids , accessibil i ty ,
etc. Personnel encompasses the skill level of the people to be used.
Support incl udes the availability of tools and test equipment at a parti-
cular place , the provision of spare parts , and the organi zation responsible
for maintenance .

The maintainability calculations are noted in detail in Section 5.2.3

• and wil l not be repeated here. In general , however, two mainta i nabi l i ty
quantities are of importance , the mean time between failure s (MTBF) and
the mean times to repair (MTTR ). As note d above , the MTBF is a de rivative
of the rel i ability failure rates in an exponential distribution . For our
purposes considering any Building Block , the MTBF is equated to the
reciprocal of the sumation of the number of like components , times the
failure rate of the component. The mean time to repair or “reparability ”
of the component , or series of components of a Building Block , is con-
cerned only with the acti ve di agnosis , repair (remove and replace), an’~ .~,
checkout of equipments by maintenance personnel. Data are required fo, ‘

the predicti on of repairability , just as for the prediction of reliability ,

• •— •~~~~~~~~~ •,---— -- ——• —, —-- —••~~
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I

~nd again all available sources , including CAMDS personnel at TEAD , were
investigated for applicable data . Repair time s utilized are those which
affect system downtime , involving replacement of defective units with
good ones and with major defect repairs , effected elsewhere . MTBF and
MTTR values are noted and calculated by Building Block component on the
series of “Equipment Information and Failure /Maintainability Data ” sheets
included in Volume II. As with any new system a prin cipal problem with
maintainability calculations is the lack of discrete information such
as the relationships between the probability of failure of a particular
unit and its basi c design , the diagnostic aids available and the level
of competence of meintenan ce personnel. Once again the value of
extensive testing prior to systems turn-on must be emphasized .

• Finall y , the availabilit y of Building Block systems to process each

type of munition is of paramoun t importance . With the definition of

Section 3.4 of availability as “a measure of the degree to which an i tem

(component and subsystem) is in an operable condition when required ,” it

• is easy to see that a system “up ” condi ti on is a function of many imputs .

Herein, we have considere d the impact of reliability and maintainability
factors only. However, addi tional factors of transportability , spares pro-
visioning, job man-loading levels and other envi ronmental factors must be
considere d for ultimate availability levels. For our purposes availability
is set equivalent to system uptime , divi ded by system uptime + downti me ,
or A = 1 x 100%. The foundation of reliability/maintainability

1 + MTTR

factors is thus evident. Fi gure 5-2 is an interesting chart illustrating
the relationship of the ratio of MTBF/MTTR to availability levels , empha-
sizing the importance of maintaining good repair capabilities and good
system reliability , to system availability . Processing rates are directly
influenced by the avai l ability of the system to operate . The extent of
this infl uence is noted in the concl usions section of this report.
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I

5.1.2 Specific Applicati on

• This analysis of the CAMOS production equipment has been performed
to establish the base line data for use in determining the total systems
availability after systems checkout and “infant mortali ty ” time for each
lEAD munitions processing application.

Several factors had a major impact on the analysis effort. These
included :

1) The equipment and operational techniques were still in the
development phase. In one case (the morta r demil machine)
the design was still in the conceptual phase.

2) Documentation of the equipment design was limi ted and out-
dated for some Building Blocks. The drawings and demil
plan ranged in some instances from sketches and drafts
to th i r d and fourth revis i ons of release d draw in gs .

3) The schedule for completion of this analysis did not permi t
waiting for complete and final documentati on for the system.

4) Basic information about equipment failure rates and main-) tanence times was not available from identical existing
processing systems.

The approach developed for the analysis considered the above factors .
The equipment i tems were defined by listing material from all available
documentation and then (in the case of TEAD building blocks) revie wing
those lists for correctness and completeness with the responsible Bu ilding
Block engineers and equipment specialists . Where equipment definitions
were incomplete , a “best estimate ” was applied to compensate for the

• missing data .

• The equipment used in the analysis was limited to that directly used
in mun i tions processing. Items used solely for maintenance , diagnostic
testing, emergency shutdown and supporting operations were not included .
The supply of utility electrical power and water supply to the facility
were not included in facility building block analyses.

• Basic failure rate da ta used In the analysis were obtained from
several sources . The most generally used data were obtained from RADC

) reports ~hich contained substantial historic data on components similar
to those being used in the CAMOS design . These reports were found to be

r r, 
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the most appl i cable information available. Since most of the i tems used

i n CAMDS were found to have similar i tems in the RADC reports , the rela-
tionship of failure rates from one i tem to another was judged to be reason-
able and applicable to CAMDS. Other sources included MIL Stanu .rd specifi-

• cations , and manufacturers of the equipment invo l ved. In a very limited
number of cases a best estimate was made to assign a failure rate.

Basic maintenance time data used in the anal ys i s were obta i ne d from
• several sources . Some of the data were derived from RADC reports where

they seem app l i ca b le and reasonable. In many cases , the time s were a
best estimate of the time required to diagnose , repair (remove and replace),
and check out the repair. A minimum mean repair time of two (2) hours
was used as a conservati ve time for unscheduled repair and restart activiti E
Factors were developed (and reviewed with lEAD personnel experienced in
protecti ve suit operations) to compensate for working conditions requiring
protective clothing and/or work in restricted areas.

The application of the failure rate and maintenance time data was
• • accomplished under the fol l owing ground rules :

• 1) Rates and ti mes were consistently applied to identical and
similar i tems unless there was a clearly identified reason
to dev i ate .

2) Identification of those i tems used at a rate of grea ter than
10 cycles per hour was made to accommodate the various
producti on rates invo l ved.

3) Every effort was made to use the data in a “conservative ”
manner. (This was done to compensate for missing i tems and
uncertainty in the accuracy of the rates and times used - it
makes the resulting availability of the system lower than
mi ght be obta i ned from an “optimisti c” approach.)

4) The emphasis of the analysis was to define the tota l system
availability . It was recognized that an individual i tem
failure rate and repair time could be greater or less than
noted , as a standard value , but the i mpact on the systems ’
availability would be minimal. (Over 8,000 individual

• i tems were identified during the analysis and up to 150 basic
failure rates were applied . Evaluations were made to

• determi ne the i mpact of changing rates and/or times of
• individual i tems . These changes resulted in variations

in the third and fourth places of Building Block availability
numbers and were judged to be insignificant considering the
quality of the data used for the maintenance times.)

5-10
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• 5.2 DATA PRESENTATION

The basic analysis of the CAMDS wdS accom plished by Building Blocks

as defi ned by engineering drawings . When equipme nt wi thin the ~u il ding
Block was utilized differently for each munitions processing activity , the
anal ysis was performed to supply separa te informatio n for each acti vi ty.
In a few situations a single set of data for all applications was used
because it was judged that breaking the Building Block down to individua l
applications would have insi gnifi cant impact compare d to using the sing le

• set of data (examples - Site Contro l System s Electrical , Closed Circuit
TV , etc.).

For each building block an analysi s package was developed whose for-
mat was standardi zed to produce similar data for each block. Operational
flow charts were constructed for each block comprised of major subsystems ,
or modules , and major components which provide an impact to the munition

processing flow . Of necessity , this type of approach provides an indica-

tion of interrelationshi p of subsystems and components and provides a

) general insight as to the reliability structure (e.g. , ser ies or parallel
system structure) of each block . The reliability logic diagrams of Section
5.2.2 further develop this , of course. It was noted that there is minimal
redundancy in any/all subsystems design so that there is a high degree of
dependancy on each subsystem (and major components ) to maintain a pro-
cessing flow. Operati onal flow charts are included in Volume II , with an
example incl uded herewi th as Figure 5-3.
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5.2 .1 Basic Data Format

The basic element of data collection was the Equipment Information and
Failure/Maintainability Data fo rm. Figure 5-4 is a completed example
of this form. The fol lowing discussion of the column headings , details
the applicati on of this form:

Item No. : XX—X.X. X

~~~ 

L ARBITRARY ASSIGNMENT - Equi pment
— Subassenb l~

____________ “ ‘I — Assembly
BUILDING BLOCK NUMBER

Item Name : Descri pti on listed at source documentation.
Items incl uded active functional components and

• generally excluded structural components . In
general fi ttings and seals were excluded as
having negligible impact on the system operation .
The grouping of parts was accomplished for ease
of listing and was not intended to be consistent

• 
) with the flow charts .

Items identified by a A in this and/or other
• • columns were considere d to have

cyclic dependent failure rates.

When the Equipment Information and• Failure /Maintainability Data form
was complete d the NA and NATM columns we re sumed for all noncycl ical and
cyclical i tems. These reflect the NA and NATM for production rates at

• 10 unI ts per hour. The following calculations were performed to apply
the data for a speci fic munition process:

Production rate factors for cyclical dependent items :
TARGET PRODUCTION RATE MULTIPLIER

20/hr 2

32.5 /hr 3.25
40/hr 4
50/hr 5 - - - • - - •

) 

Function : Description of what the item does for this
application .
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Part No. :lhese are included to identify the component
MFGR Code and permi t traceability to the source of- the

hardware .

Quantity (N) :Number of i tems involved .
Information Source : (XXX) Drawing series of the building block

XX Drawin g number of above drawing series (i.e.

504-23) where i tem is defined.

XXX Drawing number of above drawing series and

- part number on the drawing (i.e., 504-2301).

XX / XX Drawings show i ng item.
The source d raw i ngs an d the i r da tes are
l isted as part .of the supplemental informa-

tion . Additional drawings on aperture cards

were reviewed and judged to contain only

s t ructura l  non~func t iona l  i tems wi th  neg l ig i b l

( • failure rates . These i tems were not included

because of the i r m i nor im pact on the system
availability .

When no source is listed , the data were
obtained from the draft  dem i l p lan or ske tches
and informat ion from lEAD personnel .

Failure consequences listed in this column were defined as follows :

1 - Catastrophic failure of the system.

2.- Production line shutdow n failure - requires
stoppage of norma l production and repair (remove
and replace) prior to restoring production .

3 - Minor fai’ure - repair during maintenance period
or repair without interrupting normal production.
The design of the system was not reviewed to
establish if the system could “overdrive ” a
component failure .

Where the failure consequence was judged to be

( 
- 

of a nature that the item could be repaired du;ing
) . normal production or duri ng a scheduled shutdown ,

• 
~-l5
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anal ysis was stopped at that point (i.e., fai

• consequence code 3).

Rate A (X 10
6hr) : Failure rate in number of failure x 1c16 per N hr.

The assi gned failure rates assume t~~ the i tems
receive routine maintenance including didg ,,~stic

tes t in g and adjustments and are those p rojected
rates between the initial “infant ” mortality and
normal wearout periods.

When data were avai lable in terms of fai lures per
10-6 hours , they were used in preference to the
dat a expressed on number of failures per cycle.
Whe n cyclic data were used , they were standardized
at 10 cyc les per hour.

Whe n information used was derived from airborne
applications , the rates were divided by 6.5 to

adjust the failure rate to ground conditions .

All  fa i lure rate data ind ica ted ar e shown as ‘ S

) 

cycles per hour. Adjustment to applied production

rates is done after -co mpilation of N A .

NEG — Judged to have a negligible failure rate in
relationshi p to other items listed in the same

item grouping .

Source : *Refer to Supplemental Data: Sheet
PXX Page Number Report , RADC-IR-69 -4 58 , Section 2 ,

modified by RADC-TR-74-268, October 1974.

EST Assigned val ue based on judgement.

NA : The number of i tems multi plied by the failure

rate .

Diagnosti c Time (hr) : Time required to establish that the i tem has
fa i l ed  and needs to be repaired.

Repair Time (hr) : Time required to repair/replace item including

H obta lniig i tem from spare stock.

• ) Checkout Time (hr ) : T i me required to checkout repair and be ready to
restart production operations .

5-16
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Total Maintenance : Total time involving all above times .
Time (TM) (hr) As discussed (Paragraph 5.1.2) a minimum of two

(2) hours was used as a conservativc total
maintenance time for unscheduled ma inten~ tcc
activities .

N ATM (x10 6) : The number of items multiplied by the failure
rate multiplied by the total repair time .

Spare parts were assumed to be avai lable on
site to rep lace fa i led eq u ipment on the shortest
turn around time - examples : 1) printed ci rcuit

board cards for the control system , 2) cameras for
the CIV system , 3) ratio motor assembly for

conveyors , 4) rol lers  wi th bear i n gs for conve yors .

Trained maintenance personnel and documentation

of the eq ui pment conf igu ra t i on and manua ls  we re
assumed to be on site during all production opera-

)
Maintenance times for equipment inside the ECC

assumed the presence • of a hoist inside the ECC
at all times .

Source : See supplementa l sheets for information.

PXX Page number of work book RADC-lR-69-458,

Section 2 mod ified by RADC-TR-74-268, Octo ber ,

• 1974 , or RADC-TOR-64-373 Volumes I and II.

EST Assigned value based on judgement. The

workbook was develope d to establish repair

times. Selected data from RADC-TOR-64-373

Volumes I and II and repair times estimates
were documented in the workbook.

Remarks : Title of item used in the RAOC reports .
Additional notes and justifi cation of failure rates

( 
- 

and total maintenance time . •
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-4.

The results of calcul ations for MTBF , MTTR and availabilitj are
incl uded on the data forms as in example Figure 5-5, Bui l di ng Block
Availabilit y Parameter Summary , and Fi gure 5-6, Munition Availa oi lity
Parameter Summary;

)
. )  

C -

_______ _______________ 
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Figure 5-5. Building Block Avai labi l i ty Parameter Summary

BUILDING BLOCK: #1 UNPACK AREA ((WA )

MUNITION AGENT EXP. PROP. Nx MTBF NxTM ~ TR

*M55 ROCKET ,GB/VX
Rocket, 

- GB Coop 8 1128 MEG. - N/A MEG. N/A -~-1 .0
115mm , M55
Rocket. VX Coop B M28 MEG N/A MEG. N/A ‘~1 .0
115mm , M55

*PROJECTILES/
CARTRIDGE S, GB/VX
WITHOUT BURSTERS -

Cartridge , GB None None MEG. N/A MEG. N/A ~1 .0
105mm , M360
Proj ectile , GB None None 241.039 4149 584.843 2.43 .9994
155mm , M121A 1
Projectile , GB None _None~ 241.039 4149 584.843 2.43 .9994
l55riui , M121
Projectile. GB_ • J1nne~~ 

_ nne~~ •24L.039 414 - -  5a4.B4a 2A3~
_ 9994

155mm , M122
Projecti1e~ _fiB Nane ne I53~ Q5 i5iL - 371.JUE 2_42 -- 

gggF,

8” , M426
Project ile , VX — • J1nna -- JIone_ - 24LQ39 4]~9_~~ 584.841 2_43 • ~9994

) 155mm , M12 1A 1

*P/C,GB/VX WITH 
-

BURSTERS
Cartridge , - fiff -— Leit~tni _14L~~~ - -  1LF11. ILA _ 1~EG~~ - NIA_ - -

105mm , M36O

• 4PROJECTILES ,MUSTARD -

WITH BURSTERS -

Pro .lectlle, - •~~~~~~ - IL. tfttr.~tD1 Nnae~~ 241.039 L149___ 584.843 L41_ - .9994 —
155mm , MilO

-
• Projecti le. — -  - -  Tetrythl None 241.039 149 5.E4 B41 2.A3_ .9.914

155m , M104

*M23 MINE , VX
Mine. 2 gaflonji2.3 ~ ilL . - _CQIn P~~~~ - None MEG. ~~~~~~~ ~~~~~~~~~~~ N/A - ~J .0

*4.2” MORTAR ,
MUSTARD

Cart rldge .MnrtAr , _H~
_ Tetryl — _~~~~~~~_ MEG N/A NEG. N/A

4. 2” ,M2/M2A1
Cartr1d~~.MDrtAr..,.. }!T Tetryl M~ MEG. N/A MEG . N/A - ~~~~~~

— 
4.2 ” ,M2/M2A1 

_______ _______ _______ ______ _______ _______ ________ ________

*NUNITIOFI DEMILITARIZATION PROCESS FLOW

C-
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Fi gure 5-5. (Continued) Bui lding Block Ava ilability Parameter Summary

BUILDING BLOCK :

- 

MUNITION AGENT EXP. PROP. NA MTBF NxTM MTT R

*BULK ITEMS ,GB/VX
Bomb ,75O#,MC-1 GB None No~ N/A - —  N/A • NJA NLA . NIA -

Tank,Spray.. -•  iLX. Nnne Npne N/A Nj UJ.& N/A -

TMU-28 /B -

Ton Cont~1n~r~~~ - - None . Nnne N/A N/A N/A N/A — ~JA
Tone Container IL_ None - lione N/A ~~~ NL.~~~ ~L

*TON CONTAINER ,MUSTAR
Ton Container liL - h one lione ~LA•__ N/A — 

N/A - -

)

*MIJ~4ITIOIl DEMILITAR IZATION PROCESS FLOW
. )  

. . 5-20
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Fi gure 5-6 Munition Availability Parameter Summa ry

MUNITION DEMILITARIZATION PROCESS FLOW: M55 ROCKET , GB/VX

MUNITION : Rocket , 115mm , M55 Agent: VX Ex : Comp B Prop : ~28 Process Pat~ :2fl/ hr

NO. ABV BUILDING BLOCK NA MTBF MAIM MITR

1. tWA UNPACK AREA NE ( N/A NEC N/A : 1 0
2. ECC EXPLOSIVE CONTAINMENT ~1JBICLE - —_ _ _ _ _  510 128 1960 ~125 .587 12 .01 0.9039
4. DFS DLACIIVATIQN FUEftACE ~vcj~~ 2520. 1 397 J ~~~7 . 3  6. 9 1 - 0.9829
5. MPF IIETAL• PARIS FURNACL ________ _____ 

~~~~~~~
__ -  

-

6. ~DM RO CK ET P E MIL _MACHINL_ 2654.5~4 ~7T 32662.33~ 12.30 0.9684
4 7 DUN PLLNNAGE INcINLRAJOR SYSTEM -

8. UTL UTILITIES ____________________ NEG 1~7A NEG N/A :1.0
9. EHM ECC HYDRAULICS 1836.106 545 18514 ,83 _1O.08 O.9B]8 •

]Q. C~ [ CONTROL MODULE NC _______ _______ _______ -—

12. PSC PERSONNEL SUPPORT COMPLEX NC 
________ ______ ________

13. ADS AGENT DESTRUCTI SYSTEM 4769.1 210 35993 7.55 0.965L
L4- .Eli EXPLOSIVE TREATMENT SYSTEM 393.9 2539 ~~~~~~~~~~~~ ~.jp ~~
~5. PDM PROJECTILE DEMIL MACHINE N(4 - 

_______ _______ _ _

8. 2F~ PROJECTILE PULL AND DRAIN MACHINE pJ~? - 
_______ —~~~~~~~~~~ ________ -

19. ~~ cEN TRA L DECON SYSTEM 256.7 3896 1169.2 
-- 

4 .55 0.9988 
-

) 20. PDF PROJECTILE DISASSEMBLY FACILITY NC -

21. BIF BiJI.K ITEM FACILITY - - 
_____

22. MHE MATERIAL HANDLING EQUIPMENT 4€O1.758 ~1/ ~3437•9g :TT i~1 5.94~3
21 fiL FILTER SYST EM _ _ _ _ _ _ _ _ _ _  

S ~ ST n ~~ss
24. MOP MORTAR DEMIL MACHINE - 

_____ - ______ —

~~~~~
. MI~ MINi OE~~ L MACHINE - 

- - _ _ _ _  _ _ _  — _ _ _ _ _

26. P I P  P I P I N G  __________ 
5~T775 TgSgs 1~49 .496 _ _ 2 .. 94_ 0.99 8

27. ~~ ELECTRICAL 
- —  509.916 196’E 1O3 1.49f ~ 7.02 0.9979

28. D ALE MODEL NC - 
_______ ________ ________

29. PERIMETER MONITORIN C- NC — 
_______ ________

30. CIV CLOS~~~C IRCUIT TELEVISION 114.155 8760 229.31 __ Z.,.fl ...... D.~ 997

II. ~Qt1 ~ Q~M1JNICATI0NS 365.296 2738 1095.888 3~Q n~qq~~
_

32. -~~~~~~ CHEMICAL LABORATORY NC - 
_______ _______ _______ _______

• 3~ .~EI DETECTORS NC - 
_______ ________ ________ ________

~~ jQ~ TECHNICAL DATA PACKAGE NC - 
________

J~ ~~~ SITE CONTROL SYSTEM 2782.872 359 S973 .744 2.14 0.9941
36 JIIS TRAINING NC _______ _______ ________ ________ ________

37 • 8A M REPAIR & MAINTENANCE NC _______ _______ ________ ________ ________

38 SMP ~ YiIEM MANAGEMENT AND PLANNING NC ________ ________ ________ ________ ________

3~ QE~ OPERATIONAL ENGINEERING SUPPORT NC ________ ________ -_______ ________ ________

40. ~iT INITIAL TEST & SITE DEVELOPMENT NC _______ _______ ________ ________ ________

.41 ~~~ SYSTEM INTEGRATION NC ________ ________ ________ ________ ________

-

TOTAL MUNITION PROCESS 22001.8 45.5 180558.6 8.2 0.8473 
I

NA - BB NOT APPLICABLE TO THIS MUNITION
NC - BB NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT

NEG - NEGLIGIBLE

. )  
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5 .2.2 Re liability Da ta

5 .2 .2.1 Rel iabi l i ty Basis

The rel iability effort for this task phase has been based on the proce dures
set forth in the Milita ry Standard for Reliability Predictions , MIL-STD-7 56A

(Reference (10)and the definitions set forth in Section 3.4 herein. Some of

the basic reliability prediction procedures set forth in MIL—STD-756A include:

• Define the product (components , assem bl i es , building blocks , etc.)

• Establish the reliability model

• Determine the part population for each func tional  bloc k

• Determine appropriate stress factors for each part

• Assi gn applicable failure rate to each part

• Compute reliability for each func tional block

• Compute reliability for the product.

A conscious effort has been ma de throughout thi s task to assure tha t th ese
procedures were applied in the most appropriate manner to obtain the most valid

results possible.

5.2.2.2 Basic Rel ia bi l ity Equat ion

The general definition of reliability as stated in Section 3.4 is:

Reliability is the probability tha t an item subassembly, assembly, or
system will perform its intended function for a specified interval
under stated cond itions.

This definition as appl ied to CAMDS in this analysis is:

The reliability of a CAMDS munition demilitar ization processes is
the probability that all components , subassemblies , assemblies , and
buildin g blocks necessary to complete the process (also includes
any failures whose occurrence would abort the process whether
necessary to complete the process or not) will perform their intended
function for a specified interval (hours and/or units processed
(cycles)) under stated conditions.

- 4 

-
--

)

• 
. )  
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There are many enuations that have been developed to express the numerical

reliability of a hardware element (component , subassembly, assembly, etc.)

depending on its relat ionship with other hardware elements. These include (but 
C

are not limited to) series , parallel , and standby equations wi th va~~ations
wi thin each (Reference (ll)). Of these,the series equation is the most straight

forward . The series equation applies when there is only one way that a g iven
func tion in a process can be accom plished (i .e., A M55 rocket ~nust enter the
ECC an d be sawed there by the RDM . There i s no other way to accom p l i sh thi s
task in the present design). The CAMDS munition dem ilitarization process

flows are almost exclusively a series concept. There are few instances either

by design or by happenstance by which a given function can be accomplished in

more than one way. One exception is in the Utilities Building Block where

redundant boilers , a i r  com pressors , etc., exis t. These exceptions are minute

when compared with the total system. Considering the definition of CAMOS

reliability and the lack of redundancy in the system by design , it was deter-
mine d that  l i t t l e  inaccuracy would be introduced in the resul ts  by mo del i ng
each of the munit ion demilitarization process flows exclusively as a series

) 

concept. In conducting the analysis , this was facil itated by applying the

fol lowing failure consequence code definition:

Failure Consequence Code:

1) Catastro phic Fa i lure  (If existing , the failure rate of this
type of failure would be summed into the series reliability
equation. The previous task completed In th is contract
(Reference ( 12 ))  shows that no Catastrophic Failures exist
in CAMDS).

2) Production Line Shutdown Failure (since CAMDS is a series
system by design most of the fa ilures fall into this category
and their failure rates are summed into the series equation).

3 ) Minor Failure—Repair During Maintenance Period [Any failure
that would not result in the immediate shutdown of the process
line for repair falls into this category . This includes

• “nuisance ” failures and failures in units where ready redun-
dancy is available (such as redundant air compressor , etc.) .
These failure rates would not be surned into the series
equation.]

. )
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T he ser ies reliabi lity equat ion used in this analysis to ca lcu la te  the

orobabi lity of success for a CAMOS munition demilitarization process (R
n
) is

(Reference (1 1):

_X
B t 

Rp~~~
T R BB

Where R BB = e B = the estimated reliability of a building block ciecessary
for the success of a given demil process.

XBB = the series failure rate for a given building block in Ff106 hrs.

t = an element of time in hours.

When a l l  R BB ’s in the process are exponential (which , as is customary , has been
assumed in this analysis) and in series , the equation for R1,, is:

• - R = e
_

BB~~t)

This equation for reliability was used consistently in this analysis.

5.2.2.3 Reliabilit y Data Base

) The reliability data used in this task phase were recognized as a critical

element to the validity of the results obtained in all subsequent phases of the

total task. The most appropriate reliability data sources to realisticall y mode~
the actual CAMDS system were consi dered to be , in  order of preference :

• Data obtained from CAMDS testing

• Data obtained from RMA operations

• Data recorded under a controlled program and subjected to CAMDS
applicability criteria

• Generic data judged to be applicable

• Engineer ing judgments .

While data obtained from CAfIDS testing would most real istically model the

CAMDS system (other than data obtained from actual CAMDS operations) , it is

currently l imi ted in quantity and will be available only “after  the fact ” for
this effort. Data were available from RMIA operations , but they were also

—— .—~~~~~ — -,----— - ———--——. —— —----•- -- —--—-—— —-— - —  • — ~~~~~~ ———  — p



l i mi ted in quan t i ty  because the com pu terized documentat ion system con ta ins  only
data generated since February 1975 at the present time . An additional constraint

was that the data were most readily available at the “subsystem maj’-ir component ”

level (i.e., Versatran — 8203 Hea d , 8209 Fla pper , 82 1 3 Pro grammer , 8214 ;eneral ,

and not to the component l evel which would have been most desirable for trl - s  ana-
lysis. Component level data were stated to be available on an individual i tem

request basis. No such data were made available for this analysis. Since the

• two most appropriate reliabi lity data sources proved to be u n a v a i l a b le or exces-
sivel y restrictive , TRW concentrated effor ts  on obta i n i n g da ta from the th i rd
most appropriate source (data recorded under a controlled program and subjected

to CAMDS applicability criteria) and used data from the two prime sources as

supplement as they became available. Generic data and engineering judgments

were used only when the three best sources were not sufficient.

The most extensive and applicable reliability data source found was publi she

by Rome Air Development Center (RADC) in Reference (13). These data were qatherec

( processed by the Martin Marietta Aerospace Corporation under contract to the

government. The data were from a wide variety of base sources. The data have

several advantages :

• Data were gathered and processed under a controlled system by
controlled procedures.

• Data are current and represent a relatively large effort [contract
period 2-73 to 6—74 (17 months) and lists approximately a dozen
ind ividuals as major contributors.]

• Data are lar ge in quantity .

• Data conta in many components generically similar to CAMDS components.

• Statistical data analysis procedures were applied to the data :

Assumption of Exponential Distribution
Calculation of Confidence Limits
Test of Homogeneity of Data (i .e., iden t i f i ed  and

omitted “outlier data points ”)
Statistical Test for the Equality of Two Life

Distributions

Li 

.
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• Data results failing to satisfy certain criteria relative to
suitabilit y were excluded or synthesized.

The data have one major disadvantage :

• The component failure rates are for the most part presente~-’ in
terms of F/hours with only a limited number in terms of F/cycles .

5.2.2. 4 Reliability Data Factors

• Recognizing the limitations of the failure rate data source , it was

determined to be realistic and desirable to attempt to factor the base data to
account for these limitations. The most obvious limitation of the data base

relative to the CAMDS application is that the data base is predominately in

terms of fa ilure/106 hours while the CAMOS application utilizes ma ny component~
on a varying cyclic rate depending on the munition being demilitarized . Thus ,
the failure rate in terms of fa i lures / l 06 hours does not d i f fe ren t ia te  between
a known cyclic dependent component (i.e., valve , actua tor , etc.) that cycles
20 times per hour when processing M55 J~ockets , but cycles 50 times per hour
when processing 105 MM Cartridges . To avoi d estimating the same component oro-

babi lity of success for widely differing cyclic applications such as this , ~he
) following failure rate factors were developed:

Failure Rate Factors - High Cyclic Application

• Target Target F i l  e• Munition Munition R
a
~ 

ur -

Processing Processing F 
e

Rate (Day) Rate (HR) ac or

Condition A (Base) N/A N/A 1 (Base)
Condition 1 400 20 2
Condition 2 650 32.5 3.25

• Condition 3 800 40 4
Cond i t ion 4 1000 50 5

The rationale for determining these factors was as follows :

• The RADC failure rate data though expressed in terms of Failures /106
hours reflects many components whose failure characteristics are
cycle dependent.

• The RADC time dependent failure rates reflect a certain mean number
of cycles depending on the application from which they were derived.

H) .

. )  .
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-
~~~ • The actual number of cycles per hour represented for a given

component is not known exact ly. However , whi le i t is not known
exact ly what type systems all the data were derived from , some
are known , and it is almost certain that the majority were not
high cycle rate applications (i.e., such as cannin g f~rtory
machinery , etc.).

• If the mean number of cycles represented by a component’ s ti me
dependent failure rate is estimated too high and appl i ed , the
results of this analysis will not be conservative . If the
mean is estimated too low , the results of the analysis wil l  be
too conservative. If given a preference , the error should be
on the side of being slightly conservative.

• It was estimated , based on what was known of the data sources ,
that a realistic mean cycle application basis for the time
dependent recorded failure rate data is 10 cycles/ hour.

• Therefore, for components whose failure rates were determined
to be cyclic sensitive and which are also subjected to a large
number of application cycles (above the mean of 10 per hour),
the given factors were applied. For exam p le:

Base Fa i lu re  Rate :

15.228F/l06 hrs = RADC actuator failure rate

) Factors App l ie d :

1 x 15.228 = 15.228 F/b 6 hrs = ECC personnel door actuator

6 (low cyclic application case)
2 x 15.228 = 30.456 F/iD hrs = ECC munition door actuator

(M55 Rocket processin g) -

3.25 x 15.228 = 49.491 F/b 6 hrs = ECC munition door actuator
(155 MM Projectile processing)

4 x 15.228 = 60.912 F/b 6 hrs = ECC mun i ti on door actuator
(M23 Mine processing)

¶ 5 x 15.228 = 76.125 F/b 6 hrs ECC munition door actuator
(105 MM Projectile processing )

These high cyclic application failure rate factors were used

consistently in this analysis.

(
I . )
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5.2.2.5 Reliability Logic Diagrams -

The following buildin g block level Reliability Logic Diagrams have been
constructed for each type of processed munition. All building blocks which

• are utilized in the processing procedure for the particular munition type are
included in the network along wi th their calculated system failur e rates.
These logic diagrams are reflective of the in-line (series) CAMDS design. The
summation of the buil ding block failure rates is identified as the Tota l

Munition Requirement. Building blocks not considered in the overa ll analyses
by agreement and those which are excluded from a given network by design are
identified as such by line entries at the bottom of the diagram.

The “mission ” times , utilize d with the Total Munition Requirement failure

rate , in determinat i on of re l iab i l ity levels per the basic rel i a bi l i t y equa tion
(Section 5.2.2.2) are as noted in Section 5.2.4.1. The logic diagrams presented

herein must be considered a long with the continuous operational processing time

as indicate d in Section 5.2.4.1 in determination of reliability levels of the

processing function for each type munition.

)

_________ ____________ 
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5.2.3 Main ta i n a b i l i t y  Data

5.2.3.1 Maintenance Basis

The ma intainability effort for this task phase has been based on the

princi ples set forth in the Military Standardization Handbook for Maintain-

ab i l i t y Predict ions , MIL—HDBK-472 (Reference 1) and the definitions set

forth in Section 3.4 herein. Some of the basic principles set forth in
MIL-HDBK-472 which great ly affected this effort include :

BASIC ASSUMPTIONS AND INTERP kETATIONS-~ Each m a i n t a i n a bi l i ty
pre dic t ion  pro cedure i n c l u ded i n th is han dbook depen ds u pon the
use of recorded relia bility and maintainability data and experience
wh i ch have been ob ta ine d fro m comparable sys tems and com ponen ts
unde r sim ilar condi tions of use and ope ration. It is also cus to-
mary to assume the applicability of the “p r inc i p le of trans fer-
ab i l i t y . ’ This assumes that data wh ich accumulated from one
system can be used to predict the mainta inabI1.ity of a comparable
system which is undergoing design , develo pment , or stu dy. This
procedure is justifiable when the required degree of commonality
between systems can be established. Usually during the earl y
desi gn phase of the life cycle , coniiionality can onl y be inferred

) 
on a broad basis. However, as the design becomes refi ned , during
later phases of the life cycle , comonal i ty is exten da b le i f  a
hi gh positive correlation is established relating to equipment
funct i ons , to maintenance task times, and to level of ma intenance .

ELEMENTS OF MAINTA I NABILITY PREDICTION TECHNIQUES: Each main-
tainability prediction technique utilizes procedures which are
specifical ly designed to sat isfy its method of appl ication.
However, all maintainability prediction methods are dependent
upon at  least two bas ic parame te rs :

a) Failure rates of components at the specifi c
assemb l y leve l of inte rest

b) Repair time require d at the maintenance
level involved.

There are many sources w h i c h  record the fa i lure rate of parts as
a function of use and envi ronment. This failure rate is expressed
as the number o-f fai lures per unit of time . A typical measure is
“failures per lO~ hours . ” The major advantage of using the failure
rate in maintainability predi ction calculations is that it provi des
an estima te of the relative frequency of fa i lure of those components
wh i ch are utilized in the desi qn . Similar ly, the relative frequency
of failure of components at other maintainab le levels can be dete )
mi ned by employing standard reliability prediction techniques us i ri~

) parts of fa ij ure rates. Failure ra tes can also be uti l ized in
applicable regression equations for calcula ting the ma intenance
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I
action time . Another  use of the failure rate is to weigh t the
repair times for var ious categories of repair act ivi ty , in orde r
to provide an estima te of i t s  c o n t r i b u tion , to the to ta l  m a i n -
tenance time .

Repair times are determi ned from prior experience , simulation
of repair tasks , or past data secured from similar appl icat ions.
Most procedure s break up the “ma i ntenance act ion ” , which is a
more general exp ression than “re pa i r  action ” , in to  a num ber of
basic maintenance tasks whose time of performance is surned to
obtain the total time for maintenance action .

A conscious effort has been made th roughout this task to assure that

these principles were applied in the mos t appropriate manne r to ob tain the

most vali d resul ts possible.

MIL-HBDK-472 contains four (4) maintaina bility prediction procedures .

Procedures I and III are applicable solely to electroni c systems and equip-

ment wh i ch precl ude their application to the CAMOS system . Proce dures
II and IV can , however , be applied to all systems and equipments . Pro-

cedure II requires more data , and data at a more detaile d level than

Procedure IV. The information required for each procedure is as fo l lows:

Information Required to Complete Maintainability Procedures

Procedure II Procedure IV
For correcti ve maintenance
a) Packaging to the extent Complete sys tem documenta ti on

that detailed hardware portraying:
conf igura t ions  can be a) Funct ional diagrams

b) Di agnostic procedure b) Physical l ayouts

c ) Repai r  methods c ) Front panel layouts

d ’~ Parts l i s t i  d) End i tem listi ngs
ng w ith failure rates .

e) Operating stresses
f) Mounting methods

g) Functional levels at
wh i ch alignment and
checkout occur.

For acti ve maintenance
The respecti ve mainte-
nance t C l Sk times for

) corrective and preven-
tive maintenance must
have been determi ned.
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C Since Procedure II required data not available within the time frame

of this contract , Procedure IV was fol lowed as the quide line for this task. C

5.2.3.2 Basic Maintainability Equations

For a building block module , availability was treated as a function

of maintenance and reliability via the following equation (Reference 2,

pages 2 through 7 , paragraph 2-46):

Availability = Up time
Uptime + Downti me

= MTBM
MTBM + MMT

where MTBM is Mean-Time-Be tween-Maintenance and MMT is Mean-Maintenance

time . For the special case when no preventi ve maintenance is require d,
admin i s t r a t i v e  and supp ly time are negligible , and no redundancy exists ;
the equation for avai l ability is a direct relationship between the reli-
ability factor, mean-time-between-failures (MTBF), and the mairtainabi lity

-
~~~~ factor, mean-time-to-repair (MTTR) (Reference 3):

Availability = MTBF = 1
• MTB F + MTT R 1 + MTTP

MTB F

All terms in these equa tions are as defi ned in Section 3.4.

The realities of the CAMDS design and anticipated operational pro-
cedures indicate that the special case formul a is applicable to CAMOS
system. While preventi ve maintenance is required and is expected to be
extensive , i t  is an opera tiona l ground rule that the demi li t a r i za t ion
proces s wi l l  not be shut down so that i t can be carr ied out.  Ra ther ,
preventive maintenance will be accomplish ed while the process is down
for correcti ve maintenance.

A corollary assumption is that the process will not be continue d in
a shutdown mode after the corrective maintenance has been completed for
the purpose of accomplishing further preventive maintenance . An ini tial

I

; 
ground rule and agreement of this study was that replacement parts/repairs

materials would be available on site and woul d be readily available ~
) (administrati ve and supply time are negligible). A very limi ted amount of

redundancy exists in the CAMDS system compared with the total hardwa re
—_ - 
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I
requirement. The refore , the inaccuracies introduced by neglecting this

redundancy are negli gible. The special case formula for availability was

used consistentl y in this analysis.

5.2.3.3 Maintainability Data Base

The ma i n ta i na b i l i t y  data base use d in th i s task ph ase was reco gn i ze d
as a critical element to the val idity of the results obtained in this task

and all subsequent phases of the total task. The mos t appropri ate main-

tenance data sources to realistically model the actual CAMDS system were

considered to be , in or der of preference~

• Data obta i ned from CAMDS testing

• Data ob tained from RMA operations

• Data recorded under a controlled program subjected to CAMOS
apnl i cability cri teria

• Generic data judged to be applicable

) • Eng ineeri ng judgements.

Wh ile data obtained from CAMDS testi ng would mos t realistically model

the CAMOS system (other than data obtaine d from actual CAMDS operations),

they are currently lim ited in quanti ty and will be available only “a fter
the fact” for this effort. Data were available from RMA operations , but

they were also limi ted in quanti ty because the computeri zed documentation

system contains only data generated since February 1975 at the present

time . An additional constraint was that the data were most readily avail-

ab le at the “subsystem major component” level (i.e , Versatran - 8203 Head ,
8209 Fla pper , 8213 Programmer , 8214 general etc.) and not to the component
leve l wh i ch would have been most des i rable for this analysis. Component

level data were stated to be available on an individual item reques t basis.
No such data were made avai lable for this analysis. Since the two mos t
a p p r o p r i a t e  ma intenance  data sources proved to be unavailable or excessivel 3
restr ictive , TRW concentra ted efforts on obtain ing data from the third mos t
appropri ate source (data recorded under a control led program and subjected

( to CAMDS applicability cri teria) and used data from the two pri me sour~..es
.4 ) as supplement as they became available. Generic data and engineering

judgme nts were used only when the three best sources were not sufficient.
_ _ _  _ _ _ _ _ _ _ _ _ _ _  - — - -* — _ _ _ _
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The search for a suitable maintenance data source indicated that ther
are many technical reports wri tten on the theoretical aspects of maintain-
ability , but there is much less effort spent in gathering ar .~ maintaining
data banks of actual maintenance experience. The most extens i ve dr ,d appli-
cable data source found was publishe d by Rome Air Development Center (RADC~
in References (4) and (5).  These data were gathered and processed by the
Chrysler Corporation Missil e Division under contract to the government.
The data were from the JUPITER Weapon Sys tem. The data have several
advantages :

• They were gathered and processed under a controlled system
by controlled procedures .

• They are large in quanti ty.

• They contain many components generically similar to CAMDS
components . -

• Maintenance data for both mechanical and electri cal com-
ponents were obtained from a single source .

• They break out “remove and replace ” times as a separate
entry .

• They were taken from a military system.

The data have several disadvantages :

• “Remove and replace ” time s include diagnosis , remove and
replace , and checkout time as one entry .

• Data source was a system not as similar to the CAMDS system
as was desirable. One of the most apparent dissim iliarities
was the condi tions under wh ich maintenance actions wi l l  be
carried out. Much of the CAMDS maintenance work wi l l  require
that protective clothing be worn . There is no similar known
requi rement for the data base sys tem .

5.2.3.4 Maintainability Data Factors

Recognizing the limi tations of the maintenance data source , it was
determined to be realisti c and desirable to attempt to factor the base
da ta to account for these limi tations. The obvious limi tation of the data

• base relative to the CAMDS application is that CAMDS personnel will ofj Cqn
C be requi red to perform maintenance in protective cloth i ng . Further , t ! S

protective clothi~r,g will -likely impede the ra te of maintenance ope rations .
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Equat ing the basic maintenance data to a “street c lo thes ” situation the
fo llowing “Condi tion B — Suit Requirement” facto r were assigned , based on

a survey of studies undertaken to determine the effects of protect i ve
clothing on the ability of an indi vidua l to perform certain manual tasks:

Mainta inability Facto r (Suit Requi rement)

Sui t Requirement 
- 

Con d i t ion  B Facto r

Street 1
Gloves 1.5
Mas k and Gloves 2
Pressurized Suit 3

It is recognized that the tes t resul ts from space fligh ts suits ( the
subj ect of the studies incl uded in the survey ) are not directly transfer-
able to the CAMDS protecti ve c lothing/rubber suits . It is , however , (in
lieu of similar tests on the CAMDS suits ) a lo gical conclusion , based on
the data , that the use of protecti ve clothing by maintenance personnel

) will have an impeding effect on the rate of maintenance operations. When

the time to don the sui t and the loss of ability to perfo rm tasks in the

sui t (gri p strength decrement =47% , dexteri ty decrement ~65% , dexteri ty

decrement ~7l to 90% ( depending on glove f i t) ,  and tacti lity task scores
at times increased by a facto r of 10) are taken i n t o  conside ration , i t is
believed that the maintenance time factors shown are reason able and not
excess ive . Di scussions with CAMDS personnel familiar wi th the suit main-

tenance experi ence at RMA further subs tantiate facto rs of this order of
- • I 

magnitude . These factors were used consistently in this analysis. Summer’
results of studies covered in the survey that resul ted in the assignment
of these factors are incl uded herein:

Reference 6 states in the discussion of its purpose that the s tudy,
“----was undertaken to determine the content of a tes t battery wh ich wi l l
allow assessment of -motor performance in full pressure suits under various
condi tions of sui t pressuri zation , using a minimum of time and test equip-

ment. ” Areas covered wi thin this framework incl uded : mobility , workspace -
(-C requirements , forced exerted , stati c and dynami c antropometry , psychomotor

~— _________________
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coo r d i n a t io n , dexteri ty, and visual field limi tations . Quantitative data
of interes t to CAMDS that were discussed in this study included:

Huchingson (Reference 7) compared , amo ng other  facto rs , the
gri p strength allowed by the Mark IV and the Gemini suits ,
pressurized and unpressuri zed. He found about a 35 percent
decrement attr ibutable to the suit i tself .  A fur ther 12 per-
cen t decrement resulted from sui t pressuri zation.

Genera l ly , it has been found that the unpressurized pressure
su i t  interfers  w i th dexteri ty as measured . Moreover , measure d
dexteri ty varies inversely wi th suit pressurization. For
exam p le , Walk (Reference 8) found that Purdue Pegboard (this
test involves using the fingers to grasp, t rans port , and 

-

insert small pegs in holes , and to pla ce co l l a r s  a roun d the
pegs ) performance for the unpressuri zed A/P22S-2 suit was
about 65 percent or less than that in the ungloved state .
Pressuri zation of the suit to 2.5 psi -caused a further decre-
ment to about 35 percen t or less of the measured dexteri ty

- of the ungloved hand. -

Reference 9 states in its Abstract that the report , ‘ ---- descr ibes  the

pressure garment assem bl ies , gives some of the logic involved in desi

) sel ection , reviews the evaluation procedures and p resents the resul ts
obtained in the battery of tests.” The results of some of these tests are

of interest to CAMDS . The resul ts of these- tests are shown here in their

enti rety.

Based on observat ions at the CAMDS site an addi tional maintainability
fac to r  “Condition C-Acces sib il ity/Space Limi tation ” was assigned. For
ins tance , the demi l mach ines when installed in the ECC will not leave an
i deal amount of space for maintenance personnel/operations . The fac tor
assi gned to account for such situations is as follows :

Maintainability Factor (Accessibility/Space Limi tations )

Accessibi l i ty / Space Limi tation Condi tion C Factor

No Limi tation 1
Limitation 1.33

This factor was used in this analysis on a judgment basis by the individual
preparing the Building Block work sheets .

- 
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HAND DEXTE RITYIC

) Hand and finger dexterity tests conducted with
subjects wearing the MD-l and MD-2 pressure
assemblies in April 1966 were repeated in August 1966
wi th the same subjects wearing the MD-3 and ~ -4.

The manipulative dexterity of each subject ’s hands was
measured for each of the fo llowing conditions:

1. Subject suited , withou t helme t or gloves ,
C ventilation only.

2. Subject sui ted completely, with slight vent
pressure .

3. Suit pressurized to 3.7 psig.

Condit ion 1 constitutes a baseline performance for
the subject against which his decrement -in performance
under conditions 2 and 3 are compared. The procedures
fo llowed in using the Purdue Pegboard are outl i ned
in AMRL TDR 54—4 1 , D.Wa lk , “Finger Dexter ity of the
Pressure—Suited Subject.” Results of the followin g
tests are given in Table 5~-l.

) I 
Table 5-1 . Dexterity-Percen t Retention

Test Condition Ri ght Hand Left Hand Both Han d s Assemt

1 1-Vent 70.9 72.5 53.2 75 .
1 2-3.7 psig 36.4 47.1 29.8 29.~2 1-Vent 60.4 61.4 47.4 51.
2 2-3.7 psig 41.7 20.5 15.8 l3 .~3 1-Vent 51.9 62.3 49.0 44.2
3 2-3 .7 psig 35.2 37.7 30.6 23.2
4 1-Vent 40.4 24.5 24.4 15.f
4 2-3.7 psig 13.5 11.3 8.9

T
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TEST 1

Su it: MD-i with thermal coverall.
Subject: A
Glove Size: F
Observation on Glove Fit: The thumb, index and ~~d~ le
f ingers fitted well but glove fingers 4 and 5 were long.

TEST 2

Suit: MD-2 wi th thermal coverall.

Subject: B
Glove Size : G
Observat ion on Glove Fit: The thumb fit snugly; the

• four glove fingers were slightly long.

TEST 3

Suit: MD-3 with thermal coverall.
) Subject :  A

Glove Size : F (without metal fingernails)

Observat ion on Glove Fit: All fingers reached the
ends of the glove fingers when unpressurized . Little
ba llooning noted under pressure .

TEST 4

Suit: MD-4 with thermal coverall.
Subject: - B
Glove Size: Indicated G; size wo rn , H with metal
fingernails.
Observation on Glove Fi t :  The unpressurized glove
fingers were about 1/2— Inch too long and the meta l
fingernails hampered performance. The subject was
uncomfortable due to a very restrictive suit fit.

CI) 
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TACTILITY OF THE HANDS
IC

) Thi s procedure intends to evaluate the subject ’s
ability to recognize physical differences by feel
whi le blindfol ded* . The subject accomplished each

— task severa l times under each condition : (1) ..-~t hou t
gloves; (2) with gloves, suit venti lated ; and
(3) wi th suit pressurized to 3.7 psig.

The tasks consist of:

a. Recognition of short rod sections less than
1-inch in outside diameter.

b. Recognition of multis i ded rods or prisms
having varied numbers of flats on similar
s ized bars.

c. Recognition of different mass in objects of
the same size and shape.

d. Detection of location of smalles t hole in
a f l a t  bar of metal . -

e. Insertion of large cap screws in to threaded
holes , one to each ex posed sid e of a metal
cube placed before the subject.

f. Abil ity to reach the multip le controls  on
an aircraft control stick while holdin g
it in one gloved hand. -

) Scores shown in Table 5-2 do not appear to be
concl usive although they indi cate some of the tasks
are too easy. More refinement in procedures and
tasks should produce more meaningful results.

Generally, subj ects identified most of the diameters ,
pri s ms , and weights correctly. The assem bly of bolts ,
and control stick usually could not be completed
pressurized. The G—4C glove s hurt the subject ’ s
knuckles , indicating an improper fit. Bringing both
hands together for a task was tiring in all assemblies.
Most ser ious was the musc le fat igue -in the forea rms
and hands that caused cramps and enforced periods
of rest after short periods of effort whi le pressurized
to 3.7 psig.

*Possib ie co rrelation to performing maintenance actions on a demi l machine
in the ECC where condi tions may not allow visual contact with every bolt ,
nut, screw etc .

1~
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Tab le 5-2 Tactil i ty Scores
G-4C G-4C MD-l -2

-
~~~ Medium Large Medium Large

Diameters 8 100 100 100 100
(percent V 100 100 100 100
correct ) p 90 90 100 90

Prisms B 100 100 100
(percent V 100 80 100 90
correct) P 90 30 100 90

Weig ht B 100 100 100 100
(percent V 100 80 90 80
co rrect) P 80 80 100 70

Hole Detection B 1/16 1/16 1/16 1/16
(Minimum size) V 1/8 1/8 1/8 1/8

p 1/8 1/8 1/8 1/8
Bolts in- Block B 35 35 35 35

(Seconds to V 78 70 60 70
complete ) P 4/5@335 Unable 4/ 5@240 Unabi

B-Bare handed V-Gloves on ,vented P-Gloves on ,pressure 3.7 psi g

DONNING_DOFFING ** 
- 

-

Near the end of the test sen —es the subj ects
attempted donn in g w ithout assistance . Sub ject
A donned the MD-l suit but was unable to connect

- the helmet. Subject B got into the MD-2 but
) could not close the dorsal pressure sealin g slide

fastener. Bot h subjects were able to doff the
su its without aid in 7 to 9 minutes . Donning
the assemblies with assistance required 5 minutes ,
doffing about 4 minutes. Subjec t A donned the
MD-3 up to the point of closing the pressure-
sealing torso fastener where assistance was
required. Closing this fastener , though difficult ,
can be learned by most crewmen if the suit is not
too t ightly fitted . Some other attempts at self-
donning with this style closure have been successful.
The subject accomplished the helmet connection
wi thout difficulty. Unaided doffing was accomplished
in 2 minutes 46 seconds . W i t h a s s i s t a n c e, donning
required 4 minutes 5 seconds; doffing 2 minutes
30 seconds.

When very intimately tailored for mimimum expansion
pressur ized , the MD-3 and -4 are difficult to don
primarily in three ways :

To duc k the head under the bac k port ion and come up
throug h the neck ring while the arms are in the suit
sleeves ; to pass the lower edge of the closure over
the buttock; and finally to close the pressure-retaini )

)  slide fastener.
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I
5.2.4 Analyses Resul ts - Building Blocks

The major resul ts of analyses accomplished in the th ree major areas
of e f f o r t  - Rel ia b i l i t y , Maintainability and Availability - a~~ included

in this section. Graphically, a series of Relia bility Estimation charts C

are provided wh ich are centered about the MTBF fo- each type of munition

in process. The curves , included unde r Section 5.2.4.1, are plot te d to
al l ow readout of estimate d reliability level by “ runn i n g” miss ion (pro-

cessing) times. A summary of these is also included in Section 5.2.4.1 .

The results of both maintainability analyses and resulting effected

Ava ilability levels , are s umma ri ze d gra ph i c a l l y  in Subsections 5.2.4.2 and

5.2.4.3 , respecti vely. Table 5-3 summarizes mainta i nability results

in terms of MTBF and MTTR by munition type . 
- Table 5-4 summarizes

availa bility results in terms of availability levels by munition type and

inclu des the final effects of the reliability/maintainability analyses on

processing rates. The inclu ded series of pages- entitled , “Muni tion Avail-

ab i l i t y  Parameter Summary ” provide the sup porting analyses results , by
) Buildin g Block , for these two areas of r e l i a b i l i t y / m a i n t a i n a b i l i t y  and

are found at the end of Section 5.2. 4.

5. 2.4 .1 Reliability Levels

The bas ic rel iabi lity equat ion used to ca lculate the probability of
success for the CAMDS munition demi l itari zation process (Rn) is as develope

i n Section 5.2.2 .2 :

x t]
= e

The reliability logic diag rams representing any of the twenty-two (22)
identifiab le processes are given in Section 5 . 2 . 2 . 5 .  The basis of the com-
ponent  fa il ure rate data  necessary to calculate a Building Block failure

rate is discussed in Sections 5.2.3.3 and 5.2.2.4. The actua l tota l com-
ponent failure rates reflective of a give n Building Block for a gi ven
munition demilita rization process are generated on the “Equipment Informa-

tion and Failure/ Maintainability Da ta ” workshe ets for that Building Block

C and are sumari zed on the “Building Block Avai labi l i ty Sumary ” sheets in
) Volume II. The total failure rate for all necessary Building Blocks of a

given muni tion demili tar iz at ion process are shown on the appropriate ‘Muni-
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MUNITION DEMILITAR I ZAT IO N PROCESS FLOW : M55 ROCKET ,, GB,NX
1.00 

MUNITION: ROCKET,115 -MM ,M55
AGENT: GBCI EXPLOSIVE: COND. B
PROPELLANT: M28

0.9CI \ 
- 

PROCESS RATE: 20/HR
- 

ESTIMATED PARAMETERS :
= 20634.9 X 10~~F~HR

V 
______ ______ ______ 

MTBF = 4-8.5HRS
0.80 MTT R = 8.2 HRS

\ AVAILABILITY = 0.855
-- 

ESTIMATED RELIABILITY:
0.70 HRS EST. REL.

o ,.oooo
1 0.9796

0.9208
_______ _______ 

8 0.8-478
0.60 

‘~1 

- 16 0.7188
‘S. 24 0.6094

32 0.5166
40 0.4380

~ 0.50 

______ ______ ____ --- 
~~~~~~~~~

CI- —— 1
ç~_~~_ 

~~
64 0.2670
72 0.2263
MTBF 0.3676

0.40 _ _ _ _ _  _ _ _ _ _  _ _ _- - - - - -— - —— — — -  _~~~~~~~&
isç

~ —

_  _0.30 —-_____ —
~~~~~~~ 

_______ ______

0.20 — ————-- — -- - - - - — ________ _______ _______

0. 10

0.0c
0 8 16 24 32 40 48 56 64

C I 1 PROCESSING TIME (HOURS)
160 320 480 640 800 960 1120 1280
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MUNITION DEMILITAR IZATIO N PROCESS FLOW: M55 ROCKET, GB/VX
1.00

MUNITIO N: ROCKET , 115MM, M55
AGENT: VX
EXPLOSIVE: COMP. B

_______ ________ _______ ________ _______ 
PROPELLANT: M28 _____0.90 

\ 
— PROCESS RATE: 20/h R

ESTIMATED PARAMETERS:~~
‘•1 

rA :r  22001.8 X 10 F/HR
_______ \ _______ _______ _______ — MTBF = 45. 5 HRS ____0.80 MTTR = 8.2 HRS

\ 
AVAILABILITY = 0.8473

ESTIMATED RELIABILITY:
0.70 — HRS EST. REL.

V 0 1.0000
\ 1 0.9782

4 0.9158
_______ _______ _______ ______ _______ 

8 0.8386 ____0.60 — 16 0.7033 - ____

0.5898
32 0.4946

‘S. 40 0.4148
_______ _______ _______ _______ _______ — 48 0.3478) _. 0.50 

56 0.2917
‘S 64 0.2446

72 0.2051
- MTBF 0.3675

0.1C

0.0! 
8 16 24 32 40 48 56 64

PROCESSING TIME (1IRS)

160 320 480 640 800 960 1120 1280 i’
UNITS PROCESSED
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MUNITION DEMILITAR IZATK)N PROCESS FLOW:
________ ________ 

PROJECTILES/CARTRIDGES, GB,NX WIT HOUT BUR STER S
1.00

MUNITION:CARTRIDGES,105 MM,
V AGENT: GB

EXPLOSIVE: NON:
PROPELLANT: NONE

~~~~~~~~ 
- ----- - -- - - - -  - — - —-- PROCESS RATE: 50/HR —

\ ESTIMATED PARAMETERS:
2 A r =  23881.5 X10 6F/HR
MTBF =4 1.9HRS

0.80 MTT R = 7.9 HRS —

\ 
AVAILABILITY = 0.8414

ESTIMATED RELIABILITY:
0.70 \.~ ~~~ 

EST. REL . —

0 1.0000
1 0.9764

\ 4 0.9Q89
8 0.8261

0.60 16 0.6824 —

24 0.5637
32 0.4657

‘S. 40 0.3847

LU 64 0.2169
72 0.1792

LU MTBF 0.3676
~~~ 0.4C —

~~~~~‘

_ _ __  

N 

__0.30 ~~~~~~

0.20 _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

0.10

0.OO
o 8 16 24 32 40 48 56 64 7

PROCESSING TIME (HRS)
I I I I I I I

0 400 800 1200 1600 2000 2400 2800 3200 36(
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)
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MUNIT ION DEMILITAR IZArION PROCESS FLOW:
PROJECTILES/CARTRIDGES, GBA’X WITHOUT BURSTERS

1.00
MUNITION: CARTRIDG t ~~~ 5 MM,M360
AGENT: GB
EXPLOSIVE: NONE
PROPELLANT: NONE

o.90 _.\ PROCESS RATE: 50/HR

*WITH WELDE D BURSTER WELL
ESTIMATED PARAMETERS:~~2~~= 24441.2 X10 F/HR

MTBF = 40.9 HRS
0.8C — MTTR =8.0 HRS

- 

A V A I L A B I L I T Y  =0 .8364

ESTIMATED R E L I A B I L I T Y :

0.70 —_____  ________ ________ FIRS EST . R E L .

0 1.0000
1 0.9759
4 0.9069
8 0.8224

0.60 16 0.6763
>- 24 0.5562

%C 32 0.4574
40 0.3762

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
48 0.3094 

_ _ _ _ _

~~~ 0.5C 
‘1~ 

- 56 0.2544) ~ 64 0.2093
72 0.1721
MTBF 0.3680

~~~0.4C - -- ___  _ _—  ___

_  __  
N 

_ _0.30 __ -__ _ _  _ _

0.2C 
- ________ ________ ________ —— ________ —

~~~~~~~~~~ 
________

0.10 — _____ _______ ______ _______ ______

0.00
0 8 16 24 32 48 56 64 72

PROCESSING TIME (HiS)
I I I I

• 0 400 800 1200 1600 2000 2400 2800 3200 360(
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MUNITION DEMILITARIZATION PROCESS FLOW:
________ _______ _______ 

PROJECTILES/CARTRIDGES , GB/VX WITHO UT BURSTERS
LOG MUNITION: PROJECTILE,155 MM,M 12 1

AGENT: GB Al
EXPLOSIVE: NONE
PROPELLANT: NONE

0.90 \ — PROCESS RATE:32.5/HR 

~1
ESTIMATED PARAMETERS:

2A =2054 0 ,7 X 10~~F/HR
V MTBF = 48.7 H R S

0.80 \ — MTTR =7.5 HRS

\ AVAILA BILITY =0.8665

‘(N ESTIMATED RELIABILITY:
0.70 \_ ________ ________ — 

FIRS EST. REL . _______

V 0 1.0000
- 1 0.9797

‘1~~~ 4 0.9211
8 0.8485

0.60 — 16 0.7199 
______

-

‘S.. 24 0.6108
‘S. 32 0.5182

‘S 40 0.4397
— 48 0.3731

0.50 -~s~ ---- 56 0.3165 —

‘S. 64 0.2686
_ J ‘S 72 0.2279

MTBF 0.3678

~~~ 0.40
LU

0.30

0.20

0.10 

-

0.00
0 8 16 24 32 40 48 56 64 7

PROCESSING TIME (HRS)
I I I I I I I I
0 260 ~ 0 780 1040 1300 1560 1820 2080 234
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$ MUNITION DEMILITARIZATION PROCESS FLOW:
________ 

PROJECTILES /CARTRIDGES, GB,A’X WITHO UT BURSTEF
1.00 

~MUNITION: PROJECT IL . 155 MM. M121
AGENT: GB
EXPLOSIVE: NONE

V PROPELLANT: NONE
0.90 \ PROCESS RATE: 32.5/HR

ESTIMATED PARAMETERS:6
~~ A r r  20540.7 X10 F/HR
MTB F = 48.71-IRS

0. 80 MTTR = 7.5 HRS

\ AVAILABILITY =0.866 5

ESTIMATED RELIABILITY:
0.70 - - — ________ ________ ________ HRS EST. REL,

\ 0 1.0000
‘S. - - 1 0. 9797

‘S 4 0.9211
‘S 8 0.8485

0.60 16 0.7199

‘S.. 24 0.6108
‘S.. 32 0.5182

‘N 41,) 0.4397
> A ~~~f~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

4.8 0.3731 
_ _ _ _ _Ve J V  0.3165

‘S 64 0.2686
‘N 72 0.2279

~
. MTBF 0.3678

0.40 _
~~~~~~~~~

_
~~~~

~ 0.3(

0.2(

0.1C

C 

C 

0.00
0 8 16 24 32 40 48 56 64

PROCESSING TIME (HRS)
I I I I I I I

) 260 ~ 0 780 1040 1300 1560 1820 2080 2:
UNITS PROCESSED

)
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MUNITION DEMILITARIZATION PROCESS FLOW:
______ ______ ______ 

PROJECTILES/CARTRIDGES , GB/VX WITHOUT BURSTERS
1 .00 

MUNITION: PROJECTI LE 155 MM. M121’
AGENT: GB
EXPL OSIVE: NONE

______  ______  _____  ______  
PROPELLANT: NONE0.90 —_______ ________ — PROCESS RATE: 32,5/HR

\ WITH WELDED BURSTER WE LL
ESTIMATED PARAMETERS:~~E A =  20904 .4 X 10 F/HR

0 80 _______ ________ _______ _____ MT B F = 7.5 HRS
MTT R = 47.8 FIRS

\ AVAIL AB ILIT Y = 0.864-4

ES TIMATED RELIABILITY:
0.70 FIRS ES T. R EL.\ 0 1.0000

‘S. - 1 0.9793C 

‘\ - 4 0.91 98
0.60 _______ _______ _______ _______ 

- 

16
24 0.6055
32 0.5123
40 0.4334

~~~~~~~ o.5c 
- 48 0.3666

56 0.3102
C 64 0.2624

72 0.2220

~~~ ::: _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

s..cz:F
O.3682

0.20

0.10

0.00 _______ _______ _______ _______ _______ _______

0 16 24 32 40 48 56 64 7~PRO$SSING TI?~4E (IIRS) 
~260 ~ 0 780 1040 1300 1560 1820 2080 234

- C~ UNITS PROCESSED

) Reliability Es-t imatlon - CAMDS Munition Demilitarization

.-- - -- — - _=__- CI - CI—

CI CI CI ~~~~~~~~
_
~~

_ _  
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CI



S
MUNITION DEMILITARIZATION PROCESS FLOW:

PROJECTILES/CARTRIDGES, GB,NX W ITHO UT BURSTEF
1.00

MU NITIO N: PROJEC iiLE, 155MM, Ml 2:
AGENT: GB
EXPLOSIVE: NONE

V 
______  ______  ______  

PROPELLANT: NONE
0.90 — PROCESS RATE: 32.5/HR

ESTIMATED PARAMETERS:
~ A rr 2O54O.7 X10~~F/HR

______  ______  ______  ______  
MTBF = 48.7 HRS 

____0.80 — _______ _______ _______ — 

M1TR = 7.5 HRS

\
\ 

AVAILABILITY =0.8665

ESTIMATED RELIABILITY
0.70 ~~~

—-——-— — FIRS EST. REL.
\ 0 1.0000

- V - 1 0.9797
4 0.9211

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
8 0.8485

v.uv 16 0.7199
24 0.6108
32 0.5182

‘S 40 0.4397
~ 0.50 — 48 0.3731

56 0.3165
j  64 0.2686

72 0.2279

0.40 - — 
~~~~~~~MTBF 0.3678

LU

0.30__ _  _  _

I ’ 

- o.~~~~~

0.10 - _______ _______ _______ _______ _______ ______

0.00
0 8 16 24 32 40 48 56 64

I I PROCESSING TIME (HiS)
260 ~ 0 780 1040 1300 1560 1820 2080 2
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MUNITIO N DEMILITARIZATIO N PROCESS FLOW: 
-

________ ________ 

PROJECTILES/CARTRIDGES, GBA’X WITHOUT BURSTEF
1.00 MUNITION: PROJECTILE, 8”, M426

AGENT: GB
V EXPLOSIVE: NONE
\ PRO PELLANT: NONE

0.90 \,~~ PROCESS RATE: 20,1-fR

ESTIMATED PARAME TERS :.~
~~A =  17894 .7 X10 F/HR
MTBF = 55.9 HRS 

______0.80 MTT R = 7.2 HRS
AVAILAB ILITY =0.8859

ESTIMATED RELI AB i LITY :
0.70 ‘\ HRS EST . REL.

0 1.0000
‘S 1 0.9823

8 0.8666 
_ _ _ ________ \~ 4 0.9309

0.60 16 0.7510
- - 24 0.6508

- 32 0.5640
40 0.4888

0.5 —

~~~~~ &~~0.3181
72 0.2757

) MTBF 0.3678
~~~0.40 

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  
- -

0.30

- 
0.20 

-

0.110

0.00
0 8 16 24 32 40 48 56 64

-I 
PROCESSING TIME (HRS)

160 320 480 640 800 %O 1120 1280
UNITS PROCESSED
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MUNITION DEMILITARIZATION PROCESS FLOW:

C PROJECTILES /CARTRIDGES , GB,’VX WITHOUT BURSTERS
1.00 MUNITION: PROJECTILE, 155MM,

AGENT: VX M121A1
V EXPLOSIVE: NONE

PROPELLANT: NONE -

0.90 PROCESS RATE: 32.5/HR

ESTIMATED PARAMETERS: ~
Z A = 2 19 1 2 . 6  X10 F/HR

______ ______ ______ ______ _______ MT~~~F = 45.6 HRS ______

C s”” .’ 
V MTTR = 7.6 HRS
\ AVA ILABILITY = 0.857 11

1 ESTIMATED RELIABILITY:
0.70 FIRS ES T. REL.

0 1.0000
1 0.9783

V - 
4 0.9161

060 ‘
(N 

8 0.8392 _ _ _ _ _

16 0.7043
24 0.5910
32 - 

0.4960
40 0.4162

_ _ _ _  _ _ _ _  _ _ _ _  48 0.3493
56 0.2931

‘S.. 64 0.2460
) - 72 0.2064

MTBF 0.3682
~~0.4C

~~ 0.30

0.20

0.10

0.00 
8 24 32 40 48 56 64

PROCESSING TIME (HRS)
I I I I I I

260 ~~0 780 1040 1300 1560 1820 2080 234
-
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MUNITION DEMILITARIZATION PRoc~~ ~~~~~~~~~~~ GBtV X WITH BU~ RS
1.00 

MUNITION:CARTRIDGE,JOS MM, M360
AGENT:GB
EXPLOSIVE: TETRYTOLC 

PROPELLANT: MI
0,90 PROCESS RATE: 50/HR

ESTIMATED PARAMETERS: -6z~~= 40573.5 X10 F/HR
_______ ______ 

MTBF = 24.6 MRS
0 8 0  MTT R =8.7 FIRS\ AVAILABILITY = 0.7387

ESTIMATED RELIABILITY:
________ ________ ________ ________ ________ HRS EST . REL.0.70 

~~~~~~~ 1.0000
1 0.%02
4 0.8502
8 0.7228 -

0 60 \- 16 0.5225
24 0.~ ’77
32 0.2730

>. 40 0.1973
4.8 0.1426 ______

~ 0.50 56 0.1031
64 0.0745\ 72 0.0538
MTBF 0.3686

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

___ _ _  _  -_0.2C

1 _  _  _  _0.10 ______  ______  _______  ______  ______  -______  ______  ______

0.00 
8 16 24 32 4.0 

— 

48 56 64
PROCESSING TIME (HRS)

I I I I I
400 800 1200 1600 2000 2400 2800 32(X) 3
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1 ~~ MUNITION_DEMILITARIZATION_PROCESS FLOW: PROJECTILES MUSTAR D WITH BURSTIR
MUNITION: PROJ E CTILE . 155 MM, M il O
AGENT: H
EXPLOSIVE: TETRYTOL
PROPELLANT: NONE

0.90 —\ PROCESS RATE: 32 .5/HR

\ ESTIMATED PARAMETERS :
- L A =  30762.9 X10~~F/HR

MTB F =32 .5HRS
0.80 

- MTT R = 8.3 HRS
AV A IL ABILITY = 0.7966

\ ESTIMATED RELIABILITY:
0.70 

________ ________ ________ 

- ±!~~~ . EST . REL.

- 0 1.0000
1 0.9697
4 0.8842

- 8 0 7818
0.60 

~
c— —— 16 0:61113

24
\ 32 0.3737

V - 0.292 1
_ _ _ _  _ _ _ _  _ _ _ _  

48 0.2284 _ _ _ _

- 56 0.1786) 64 0.1396
V 72 0.1092

MTBF o.~es~o
~o.4c
U,
LU

0. 3C-

0.20 _  _  _

0.10

U.ui~ _______ _______ _______ _______ ______ _______ _______ _______ ________

0 8 16 24 32 40 48 56 64
PROCESSING TIME (HIS)

I I I I
260 ~~0 780 11 1 ~~ 1560 1820 2080 234
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MUNITION DEMILITARIZATION PROCESS FLOW: PROJECTILES , MUSTARD WITH BURSTERS
1.00 MUNITION:PROJECTILE, 155 MM, Ml04

AGENT: HD
EXPLOSIVE: TETRYTOI.
PROPE LLANT: NONE

0.90 PROCESS RATE: 32.5/HR

ESTIMATED PARAMETERS:

~ A 30762.9 X10~~F/HR
V MTBF = 32 .5HRS

0.80 MTT R =8.3HRS
AVAI LAB ILITY 0.7966

ES TIMATED RELIABILITY:
0 70 ________ ________ ________ _________ HRS EST . R E L . ________

0 1.0000\ 1 0.9697
4 0.8842

- 8 0.7818
0.60 

______ ______ - - 16 0.61 13
V - 24 0.4779
V - - 32 0.3737 -

- 
- 40 0.292 1

1 - 48 0.2284
.
~~~ 

o.se - 56 0.1786 — —

)  
~~ 

-

MTBF 0.3680

~ 0.40

030

0.20

0.10

0.00 
8 16 24 32 40 48

PROCESSING TIME (FIRS)
I I I I I I

260 ~ 0 780 1040 1300 1560 1820 2080 23-
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MUNITION DEMILITARIZATION PROCESS F LOW: M 23 MINE, VX
1.00 MUNITION:MINE, 2 GALLO N, M23

AGENT : VX
EXPLOSIVE: COMP. B
PROPELLANT: NONE 

____0.90 \ —

~~~~~~~~ 

_______ _______ — PROCESS RATE; 40/HR -

ESTIMATED PARAMETERS:..6
~ A 18806.3 XlO F/HR

\ MTBF = 53.2HR S 
_____0.80 \ 

— MT~R = 6.7 HRS -

AVAILABILITY =0.8881

ESTIMATED RELIABILITY:

0 70 ‘S. — FIRS ES T. REI.,
o 1.0000
1 0.9814
4 0.9275N 8 0.8603

>~ 
0.60 ‘S.~ 

— ________ — 16 0.7402
24 0.6368
32 0.5478
40 0.4713

~~o.5c 

_ _ _  _ _ _  _ _ _  — — _ _

~~~
‘ 

64 0.3001
72 0.2582

) 
~ ~~~MTBF 0.3677

~~~~~~0.40

030 __ _  

- 

_  _
. 

-

0.20

0.10 — _______ _______ _______ _______

0.00 _______ _______ _______ _______ _______ _______ _______ _______

0 8 16 24 32 40 48 56 64 7’.
PROCESSING TIME (FIRS)

I I I I I I I
320 640 960 1280 1600 1920 fl40 2560 28 -
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MUNITIO N DEMILITAR IZATION PROCESS FLO W: 4 .2” MORTAR, MUST ARD
1,00 MUNITION: CARTR1DG~, MORTAR,4.2 ’,

AGENT: HD M2/M2AI
EXPLOSIVE: TETRY L
PROPELLANT :M6

0.90 PROCESS RATE: 50/HR

\ ESTIMATED PARAMETERS:
~~~~

= 32137.3 X10~~F/HR
V MTBF =31.11 HRS

0.80 V M1TR = 8.6 FIRS
AVAILABILITY = 0.7834

ESTIMATED RELIA BILITY:
0.70 

________ ________ -________ ________ ________ ~~~ ESTI REL.
0 1.0000
1 0.%84

V 4 0.8794
V 8 0.7733

0.60 — ____ - - 16 0,5980
>‘ ~- 24 0.4624

- \ 32 0.3576
V 40 0.2765

_______ _______ 

\ 48 0.2138
~~ \ - 56 0.1654 

—

- 64 0.1279
8 72 0.0989

MTBF 0.3681

~~~0.40 
\

——--

0.30

0.20 _  _  _  _

0.10

0.00
0 8 16 24 32 40 48 56 64 7
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Cl 400 800 1200 1600 2000 2400 2900 3200 36
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MUNITIO N DEMILITARIZAT ION PROCESS FLOW: 4,2” MORTAR MUSTAR D
1.00 -

MUNITION: CARTRIDG E, MO RT AR, 4.2” ,
AGENT: HT M2/M2A
EXPLOSIVE: TETRY L
PROPELLANT: Mo

0.90 PROCESS RATE: 50/HR

ESTIMATED PARAMETERS:~
V 2A = 32 137 , , 3 X10 F/HR

- MTBF = 31.1 FIRS
0,8C - MTT R = 8.6 HRS

AVAILABILITY = 0.7834

ESTIMATED RE LIABILITY:
0.70 - ______ HRS EST . REL .

V 0 1.0000
V 1 0.9684

V 4 0.8754
8 0.7733 

_______0.60 -

~ -16 0.5980
24 0.4624

V 32 0.3576
V 40 0.2765

- \ 
_ _ _ _ _  _ _ _ _  

48 0.2138 
_ _ _ _ _

~ 0.50 
V 56 0.1654 - _ _ _ _ _

64 0.1279)  72 0.0989
N MTBF 0.3681

~~~0.40_ _ _ _
_ _

_ _ _-

0.30

0.20__ 
_ _ _  _

0.00 - _______ _______

0 8 16 24 32 40 48 56 64

I I I PROFESSING çIP~ (HIS) 1 I
400 800 1200 1600 2000 2400 2900 3200 3~- 
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- MUNITION DEMILITARIZATION PROCESS FLOW: BULK ITEMS, GB/VX
1.00 _  _  _

0.90~~~~~~~~~~~~~~~~~~~~~~~~—

0.8C 
N

S.C.~~ - — _ _ C I~~~~~~~~~~ ______

~ 

______  ____  ______

0.70

0.60 MUNITION: BOMB, 750 LB, MC-1
AGENT: GB
EXPLOSIVE:  NONE
PROPELLANT: NONE

~ 0.50 — PROCESS RATE: 1.2/HR

ESTIMATED PARAMETERS;
~ ~~~~ = 10066.5 X 10~~F/HR

MTBF =99.3 HRS
0.40 — MUR = 7.3 HRS — ______ -_______ _______ - _______

AVAILABILI TY = 0.93 15

ESTIMATED RE LIABILITY: MTBF~~
0.30 FIRS EST. REL. ________ ________ ________ _________ ________

0 1.0000
1 0.9900
4 0.9605
8 0.9226

0.20 — 16 0.8512 —_____ ________ _______

24 0.7854
32 0.7245
40 0.6685
48 0.6168 

_____ _______ _______ _______ _______ _______0.10 — 56 0.5691
64 0.5250
72 0.4844
MTBF 0.3680

0 .00 I I ________ _______ _______ ________ _______

0 8 16 24 32 40 48 56 64 72
PROCESSING TIME (HRS)

I I I I I I I
9.6 19.2 28.8 38.4 48.0 57,6 67.2 76.8 86,4

UNITS PROCESSED ‘
I
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MUNITION DEMILITARIZATION PROCESS FLOW: BULK ITEMS, GB/SIX

0.90

0.70 — MUNITION: MK 94
AGENT: GB

L
PROPELLANT: NONE

0.60 — 
PROCESS RATE: 1.2/HR 

— ________ ________ ________ ________

ESTIMATED PARAMETERS:>- Z A  10164.0 X10~~F/HR
- MTBF = 98.4 HRS

MTT R = 7 .4 HRS ______  ______  ______  ______0.50 — 

AVAILABILITY =0.9301 
— ______  ______  ______  ______

* ESTIMATED RELIABILITY:
HRS EST . REL.

~~0.4 0—  0 1.0000 — _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

j  ~ 1 0.9899
4 0.9602
8 0.9219 7’
16 0.8499 

_______ ________ ________ ________ 

MTBF
0.30 — 24 0.7835 

— 
-

32 0.7223
40 0.6659
-48 0.6139
56 0.5660 — _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  -_ _ _ _ _  _ _ _ _ _

64 0.~~ 18 -

72 0.4810
MTBF 0.3678

0. 10

8 16 24 32 40 48 56 64
PROCESSING TIME (‘IRS)

I I I I I I I I

9.6 19 .2 28.8 38,4 49.0 51 ,6 67.2 76.8 86
UNIT S PROCESSED

r
Reliability Estimation — cAMOS Munition Dem ilitarizarion

)
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MUNITIO N DEMILITAR IZATION PROCESS FLOW: BULK ITEMS, GB/V X
1.00 — —

0.90 - -  ~ç____._I__

0.80 s

~

CIc_

~~_: 

—

0.7C

0. 6C
MUNITION: TANK° SPRAY, TMU-28/B
AGENT: VX
EXPLOSIVE: NONE

> PROPELLANT: NONE
0.50 - PROCESS RATE: .2/HR

ESTIMATED PARAMETERS :
~ x= 11562.9 Xl0~~F/HRLU

MTBF = 86.5 HRS 
______ _______ _______ _______ _______)  ~~~ 0.40 - MTT R = 7.6 HRS — —

AVA ILABILITY = 0.9192 —

ESTIMATED RELIABILITY:
lu 

______  ______  ______FIRS EST. REL.
0 1.0000
1 0.9885 MTBF
4 0.9548
8 0.9116 

______ ______ ______ _______  ______ ______0.2( - 16 0.83111
24 0.7577
32 0.6907
40 0.6297
48 0.5741 

______ _______ _______ ________ _______ ________0. 10 - 0.~~33
64 0.4771
72 0.4349
MTBF 0.3678

C.0C CI ________ ________ ________ ________ ________

0 8 16 24 32 4-0 48 56 6-4 7
PRO1CESSIN G 1TIME (HRS~ I I

3.2 4.8 6.4 8.0 9.6 11.2 12.8 14
UNITS PROCESSED

a.’’ ,bnl• , Estimat ion - c ~~~”:~~ Munition Demilitarization )
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MUNITION DEMILITARIZATION PROCESS FLOW: BULK ITEMS, GB/V X

0.90 _  _  _  _

0.80 —_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

0.7C 

MUN IT~~ N: TO N CONTAINER
AGENT: GB
EXPLOSIVE:  NONE

0.60 - PROPELLANT : NO NE
PROCESS RATE: .25/HR

ESTIMATED PARAMETERS:
L A =  10090.2 X 10~~F/HR

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _—J 0.50 - MTBF 99.1 HRS
MUR = 7.4 HRS
AVAILABIL ITY =0.9305

I w

~ 0 ESTIMATED RELIABILITY: 
______ ________ ________ ________ ______ ________— 

HR S ES T. REL. 
CI~~_ 

—0 1.0000
1 0.9900
4 0.9604

0.30 — 8 0.9225
16 0.8509
24 0.7849 MTBF
32 3.7241
40 0.6679 

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _— 
48 0.6161

- 56 0.5683
64 0.~~4372 0.4836

0.10 — MTBF 0.3679 ______ _______ _______ -_______ _______ _______

0.00 
J4 32 40

PROCESSING TIME (HIS)
I I I I I I
2 4 6 8 10 12 14 1 18

c 
UNITS PROCESSED

) Rel iabi l i ty  Estim ation - CAMDS Munition Demilitarization
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MUNITION DEMILITARIZATIO N PROCESS FLOW; BULK ITEMS, GB, .X
~ C

) 

-

1.0C

\ 

-_

0.90

\ 

-_

0.70___N

N.

MUNITIO N: TON CONTAINER 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

EXPLOS IV~~NONE 
- _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

PRO PELLANT: NONE
PROCESS RATE:.25/HR

)  ~~~ 0.50 — 

ESTIMATED PARAMETERS:~~ 
— ________ ________ ________ ________

2~.= 11462.1 X10 F/HR
MTBF = 87.2HRS
MTT R = 7.5 HRS

0.40 — AVAILABIL ITY = 0.9208 — _______ _______ _______ _______ _______

ESTIMATED RELIABILITY:

~~~~~~~~ 

EST. REL.
0 1.0000 

— /1 0.9886
4 0.9552
8 0.9124 MTBF
16 0.8324

0 20 — 24 0.7595
32 0.6929
40 0.6322
48 0.5768
56 0, 5263

0. 10 — 64 0.4802 — _______ ______ _______ _______ _______

72 0.4381
MTBF 0.3681

I I I _ _  _ _  _ _  _ _ _  _ _0.OO
o 8 16 24 32 40 48 56 64 72

- PROC!SSING TIME (HIS)
I I I I I

2 4 6 8 10 12 14 16 \ -18
UNITS PROCESSED -

ReliabilIty Estimation — CAMOS Munition Demilitarization
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______  

MUNITION_DEM ILITARIZAT ION PROCESS FLOW: TON CONTAINER. MUSTARD

___  

-

_

MIJNITION:TON CONTAI NER
AGE NT: HD

~ o.oo — EXPLOSIVE: NONE — _______ _______ _______ _______

PROPELLANT: NONE I

PROCESS RATE: .25/HR

ESTIMATED PARAMETE RS:~~
) <0.50 — 2 A  8086.8 X10~~F,41R—

MTBF = 123.7 ‘IRS
MUR = 7.2 HRS

LU AVAILABIL ITY = 0.9450
0.4-0 — ES TIMATED RELIABILITY: — ________ ________ ________ _____ — ________

~~~ EST. REL. (
0 1.0000
1 0.9919

0.30 4 0~%82 — _______ _______ _______ _______ _____ —

16 MTBF
24 0.8236
32 0.77~�0 _______ _______ _______ _______ _______0.2 0 —  40 0.7236 — ____ ____ _ _ _ _  _ _ _ _  _ _ _ _

48 0.6783
56 0.6358
64 0.5960

0 1 0  72 0.5586 — _____ _____ _____ _____ _ _ _ _ _

MTBF 0.3678

0.00
0 8 16 24 32 40 48 56 64 72
I- I I 

PROCE?SING TIt~E ~~~ I I IJ 2 4 6 8 10 12 14 16
UNITS PROCESSED - -

) Reliability. Estimation - CAMDS Munition Demilitarization
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The remain in g term in the r e l i a b i l i t y  equation C t  = an element of t i me
in hours ) is left as a vari able. The equation is plotted in this section

for each munit ion process flow as a function of t. The values nf t chosen
are 0, 1 , 4, 8, 16 , 24 , 32 , 40 , 48, 56 , 64 , 72 , and the number of ho’jrc
representing the MTBF for the given munition process flow. Also gi ven for
each munition process fl ow is the number of units processed in the hours
“t” . These plots are shown in the preceding pages. A summa ry plot showing

the probability of success for all the process flows is presented in Figure
5 - 7 .

As woul d be logi cally expected , the f igures  show that the mun it ion
process involving the least number of Building Blocks (8), the least com-

p l icate d B u i l d i n g Blocks , one of the more easily dis posed of agents (mus tard),

and one of the slowest (low-cyclic application) processing rates (0.25/hr),

i.e., the ton containe r contain i ng mustard , also has the hi ghes t ex pec ted
probability of success (reliability ) curve . The related MTBF is also the

hi ghest at 123.7 hours . Also , as woul d be log i cal ly  ex pecte d , the figurer

-\ show that the munition process involving a high number of Building Blocks

(18), the more compl i cated Building Blocks (the ECC and its demi l machine

(POM), the PPD , both hydraulic units , many MHE elements , etc .), one of the
more difficult agents to dis pose of (GB), and one of the hi ghest (high-

cyclic application ) processing rates (50/hr), i.e., the 105 MM Cartri dge
contain ing GB , also has the lowest expected probability of success (reli-

ability ) curve. The related MTBF is also the lowest at 24.6 hours .

5.2. 4.2 Maintainability Levels

Table 5-3 summari zes the maintainability data (i.e., mean ti me
between failure , MTBF; and mean time to repair/replace MTTR) for each of

the 22 munition types considered for CAMDS demilitarization. The wors t
case (lowest MTBF) is seen to be for the M360 cartridge (with burs ter)
whi ch has an MTBF of 24.6 hr. This is cl osely followed b ’ the 4.2 inch
mortar ( MTBF = 31.1 hr) and the projectiles , with bursters (MTBF 32.5).

As expected , a relati vely high MTBF is shown for the bulk i tems (bombs,

spray tank , and ton containers ). This is , of cours e, a t t r ibu ted  to the
re latively limi ted use of the CAMDS facil ity for these bulk items . In t~ 

CI~

)

) case of the i tem showing the - hi ghest MTBF (123.7 hr), ton containers with
mus tard, delive ry of the mun i tion is made directly to the metal parts

—CI - — CI~
__

~_~~~~~~~~~ - — ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -——  CI--- ~CI —CI

CI - 1’ 
- 

• C
.~~~~

y
~~~~~~~~~~

- ~~~~~~~~~~~~~~~~~ C à I ~~.’~~~



furnace which a long w ith the agent destruct ion system comprise the only

two major Building Blocks utilized for this item. In contrast , the M360
cartri dge fully utilizes every major Building Block incl uding both furnace

sys tems (ex cept , of cours e, other special ized demi l machinery).

Wi th regard to mean time to repair/ replace (MTTR), it is of interest
te note that w h i l e  the MTTR shows qui te a variation from Bui lding Block to
Buil ding Block (a range of approxima tely 2 to 13 hours), the variation is
relati vely small wi th regard to munition pro cess flow. That is , the
average MTTR for the muniti ons of Table 5-3 is 7.76 hours with a
standard deviation of 0.532 hour (6.9 percent).

5.2.4.3 Availabil ity Resul ts -

The total system availabil i ty, for each muni tion type proces s f low ,
may be found in Table 5-4 . The system avai lability, A , is defined
as:

Uptime 1
A =  or A =

C -
\ Uptime + Downtime MTTR

1 +

- 

MTBF

where : Uptime = MTBF (Mean Time Be tween Failures )
Down-time = MTTR (Mean Time to Repair/ Replace )

thus , a hi gh availabil i ty ( approaching 1.0) is- desirable , maximizing pro-
duction rate and minimizing system downtime . Since the MTTRs (see
Table 5-3) are relati vely constant by munition type , the availabil i ty
varies near ly proportional to MTBF. (In fact, except for s light varia-
tions at the extremes, the approximate empirical relationship A =

0.49 (MTBF)0.l42 seems valid. ) Because of this the same munitions that
yielded the low MTBF (i.e., M360 cartri dge wi th burs ter) also produce

• 

C the lowes t availability of 74 percent. The highest availability figure
was 94.5 percent for processing the ton container containing mus tard . The
next to las t column of Table 5-4 shows a predi cted producti on rate
that is obtaine d by mul tiplying the nominal rate by the availability for
each munition process. These predicted rates , of cours e , are based upon

) the Reliability and Maintainability Study performed only and do not include
factors for such external I tems as transportation , weather , etc. (These
i tems will be considere d in Phase 3, however. )

— C - —~ 
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LEGEND: CURVE MUNITION
1.00 A. T. C./HD

B. Mk94, MC1,T..C. /GB
* C. S.TANK, T.C. ,NX

0.90 _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

M426 PROJ/G B w/O B

F. M55 RKT, 155 MM PROJ w/O B/GE\\\ ~~ M55 RKT , 155MM PROJ W/O B/~’X

\ \ ~~~\ 
Nj~. ~~~~~~~~ _ _ _ _ _  

I • M360 CART /GB WEL W/O B0.80 - ‘

~ \\\ \.. ~~~ ~~~~~~~~~~ A .1. 155 MM PROJ/H, HD W. B.
- 

\ ~ ~~ 
K. 4.2 MOT/HD, ‘IT
L M360 CART/GB W. B.

)  ~~~~~~ 
_ _  -_ __ __ __ __ __ _

_ __ _ _ __ __

_ _ _  

\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0.30 \ N ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

0.20

O. 1C 

8 1~ 24 32
CI A PROCESSING TIME (HOURS)

) Figure 5 7  - Sumary of Reliability Estimation
by M u n i t i o n  Type
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- MUNITION AVAILABILITY PARAMETER SUMMARY S

MUNITION DEMILITAR !ZATION PROCESS FLOW : M55 ROCKET , GB/VX

MUNITION : Rocket , fl5nin, M55 Agent: GB Exp: Comp B Prop: M28 Process Rate: 20/hr.

]ABV.I BUILDIN G BLOCK Mx MTBF NXTM MTTR

~~~~~~~ U~~’PAO(  AREA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
NEG ~~A IWG 

______

2. ECC~ EX I > LOSI V E_ CON TA I N~-iE NT_CUDICLE 5T0.128 1960 6125 .587 12.01 0.99
4. DI~1{ DEACT IV ATIO N FURNACE SYSTEM 2520 .1 397 17417 3 6.91
5. MP FJ M ETAL PARTS FURNACE NA 

________ ________ ________ ________

6. RUM ROCI (E1 DEMI L MACHI NE_________________ 
2654.53 4 377 32662 .332 12.30 0.96

L PPI~. DUj.;~AGE INCIN ERATOR SYSTEM NC _________ _________ _________ _________

8• UTL UTILITIES — 
MEG N/A MEG N/A

~CI~ I~ ±II~± 1~~~~~~~CIHCI1I1RAULICS 1836.106 545 18514 .839 10.08 —
_____— NC ______ ______ ______ ______

2. IPS C 1 PER S ONN ~L~~UPP(JBLCOMPJCIEX N C ______  ______  ______  _____

3. ADSJ AG ENT DESTRUCTIO N SYSTEM 3397.2 294 23Th5. 9 7.00
4 . J ETS EXPLOSIVE T REA T M ENT SYSTEM 393.~~~~~~~~~ 2246 .8 5.70
~JPDM PP3J ECT I LE DEMIL MACHINE _______ 

NA -

8. J J’PD P O O J L C T I L E  PULL AND D R A I N  M A CHI N E ~~ 
-

~~I C D S C E N T R A L  DECO N SYSTEM 2~~~7 ~~~~~~~ 1169.2 CI 4~55 
-

0. PDF PROJECTILE DISASSEMBLY FAC I L 1TY ~~lIt __________ _______ ______ _________

1. BIF I BULL ITEM FACILITY NA 
_________ ________ _______ _____

2. MHET MATER IA L HANDLING EQUIPMENT ~~~~~~~~ 
CI~~CIJf 5343 7 •~~~ T L b T 1~~~~9~

~~ F I L ~~ F1LTFR SYSTEM  Ib4~ 5 ~~5/ [ j~~~j~~ 6 7.09 ~ Jv~CI 

MOR MORT PR~~EMIL MACHINE NAL - ________ _________ _________

5 MIN MiNE DEM!L MACHINE NM __________ __________ __________

6. PIP PIPING 5W-i/b 19695 149 .496 ~~~~~~~~ 0 .99
7. ELE ELECT I~~CAL ~~~~~~ T96 1 Tö3T~~ 2.U~~~~~~ ~~~28. MOD SCA LE MODEL NC 

- 

—
29. PER PERII- ~ETE R M O N I T O R I N G  N C 

—______

C 
30. CIV CLOSED C I R C U I T  T E L E V I S I O N  1 14 .1 5 5  8760 2 28 . 3 1 0  2 . 0  — 0.99
3 1. CON C~~~~~J O N ~ ~~~296 2738 1095.888 3 0 _

• 32. [)VL CHEMICA L LABORATORY NC 
CI _________

33. DE~ _1 pETECT O4 S NC 
_________ ________ ________

34. TDP TECHNICAL DATA PACKAGE NC — CI

35.’ (‘CS~~S1T E C O TROL~~ STEM 2787 872 ~35_9 5973 744 ~ 14
36. ~NG FEA l I DS NC 

___________ __________ __________ __________

37. PAj~_f~~P1d R & MAINTENANCE NC 
__________ _________ _________ _________

i~t~ ~~~ L~~is~~i±u ~AO f~!LE~~~0 PLA NNI~IG ~~ _________ ________ ________ —~~~~~~~~~

~~~ Qi~S_ O PERAT LJNA L II~CIItC~EER IUG_ SUPP0BL...CI_!~ __________ _________ _________ _________ —

4~ SIL J!UILA.LCII~ST & SITE DEVE J.DfnEaI_JIc - ________ ________ ________

‘IL ~~X~~ICI ~XSTFM JNTEG1~AI1QN 
NC 

_________ ________ ________ _________ —

TOTAL MUNITION PROCESS 20634.9 48.5 168331.5 18.2 10.855

NA - BB NOT APPLICABLE TO THIS MUNITION

NC — BB NOT CONSIDERE D IN A?~ALYS IS PER PRIOR AGREEMENT
NEG - NEGL IGIBLE

4

)

_

) 
. - - 5-91

______ - - ~~— -  - CI — - ~~~~~~~~~~~~~~~~~~~~~ 
_ - _ 
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MUNITION AVA ILABILITY PARPJIETER SUMMARY

) MUNITIO N DEMILITARIZA TION PROCESS FLOW : M55 ROCKET I GB/VX

MUNITION: Rocket, ll5nin, M55 Agent: VX Exp : Cornp B Prop: M28 Process Rate : 20/hr

NO. ABV . BUILDING BLOCK MA MTBF N x TM MTT R

T: iw~ ~~TAC K AREA ________________ ~~~~~~~~ ~/A NED NIA ____

2. [CC EX P ’ OS IVE CONTA INMENT CUBICLE 5L0.128 1960 6125 .587 i zrn  10.9~3t
4. DES DEACTIVATION FURNACE SYSTEM ~~~~ 

397 17417 3 6.91 ~ 0 982c
5. M P F M E T A L  PARTS F U R N A C E  NA 

__________ _________ __________ _________ J. ______

6. RUM RPC~ ET_PCIEjII~J~~CHINE 2654 .534 377 32662.332 12.30 I0.968~7. DUN DtJ~N1OE INCI NERATOR SYSTEM NC 
__________ __________ _________ _________ I ______

8 UTL UT I L 1T IF S _________________________ NEG N/A NEG N/A j~~1 0
9. EHM ECC I iY ’ ) RAUL ICS 1836.106 54

CI5 18514 .839 10.08 _L~~AT1
0. coN C~~~~~~~MODU~ E NC 

_______ _______ -_______ _______j . _____

2. PSC PEPSON r-~EL SUPPORT COMPLEX NC L__________ __________ _________ _________ _______

3. ADS AG ENT DESTRUCTIO N SYSTEM T4 769.1 210 35993 7 .5 5 1 0 .965 :
4. [IS EXPLO SI VE TREATMET-I T SYSTEM ~~~~ 

2539 2246.8 5.70 1 0 .99Th

~ pb~ PRO3E CT IL E I~EM!L MACHINE NA 
________ ________ ________ ________ _____

8. PPD PROJECTILE  PULL A ND DRAIN MACHINE NAJ 
CI

9. CDS CENTR A L DECO N S i S T E M  2 56.7 3M96 1169.2 4 .55 U.99B~
0. PDF PROJ EC 1IL E DISASSEMBLY FACILITY NC _________ ________ ________ _________ ______

1. B I F  BULK ITE M_F A C I L I T Y  
________ _______ _______ _______ _____

2. MHE MATERIAL HANDLING EQ UIPMENT 4601 .758 21/ Ts 3437 -9~5 11.6 1 O. 94~~
‘-/ 3. FIL FILTER SYSTEM 6 36.5 15/I 4512.6 7.09 — p.99~~

4. NOR MORTAR DEMIL MACHINE NA 
________ ________ ________ ________ ______

~ M I N  M I N E  DEM IL MA C H I N E  NA 
_________ _________ _________ _________ ______

6. PIP PIPI NG 50.775 19695 149.496 - 2.94 p gggE
7. EL E ELECTRICAL 50L9T6 j~~ 1031.496 

CI
~~

CICI
~~2

CI 

O.997c
2~ MOD SCALE MOD EL NC 

—

~~~~~~~~

9. PER PERIMETER MONITORII-I G NC 
______ _________ _________ _________ ______

0. CIV CLOSED CIRCUIT TELEVISIO N TN.~55 8760 229 .3 ! 2 .0 p 9997
1. COM COM r-1 UNICAT IONS 365.296 273~ 

IU95~~~8 3.0 0 9989
2. DML CHEMJ CA I CI LABOR ATORY NC 

_________ ________ _____ _________ ______

3. DEl DETECTORS NC 
— ________ ______

4.  TDP TECHNICAL DATA PACKAGE NC 
-

~~ sc~.. SJTE_CONTR OL SY STE~4 2782 .872 ~~~~q sg73 7~44_ 2.14 0.9941
6. TNG TR AI N IN G NC 

_________ _________ _________ _____

3 7 .  RAM REPAIR & r-~A INTENANCE NC 
—

8. SMP SYSTEM r-Wj~~EMENT AND P L A N N I N G  NC 
_________ _________ _________ _________ ______

~~~~ O~~~~ QPIJOS1LQN~LEfl~.INffRING SU2PORT NC 
_________ _________ _________ _________ ______4~’. $_JJ JCIftLLJ~~I. TEST & SITE DEVELOP MENT NC 
_________ _________ _________ _________ ______

4L SY~ .. 5~~~~~ j~~[E~j~ JjON NC 
________ ________ ________ ________ _____

TOTAL MUNITION PROCESS 22001.8 45.5 180558.6 18.2 0.8473

tIA — BB NOT APPLICABLE TO THIS MUNITION
NC - BB NOT CONS IDERED IN ANALYSIS PER PRIOR AGREEMENT
NEG — NEGL IGIBLE

- -CI -
,

5-92

— CICI CI - —CI CI CI ~~~~~~~~~~~~~~ ________ - p—- - CI~~~~~~~~
•

CI~~~CICI

CII ~~~~~~~~~~ ~~~~~~~~~~~~ - —
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MUNITION AVAILABILITY PARANETER SUMMARYCI

)

MUNITION DEMILITARIZATION PROCESS FLOW : PROJECT ILES/CARTR IDGES ,GB/VX WITHOUT BURSTERS

MUN I TION : Cartridge , 105m, M360 Agent: GB Exp: None Prop : None Process Rate: 50/hr.

AVA :
NO ABV. BUILDING BLOCK NA MTBF NxTh MTT R ABI t

UNPACK AREA ~EG NJA NE~ NJA 
—

2. IECC EXPLOSI VE CONTAINMENT CUBICLE NA — _________ _________ _________

~~~~ FS LDEA cT IVAT IO N FURNACE SYSTEM 
— NA 

—

S. I-IPF METAL PARTS FURNACE 4380.3 228 38396 8~77
-1 ROCKET DEMIL MACHINE — 

NA 
_________ _________ _________ _________

~L. DUN DUNNAGE JNC 1~ ERATOR SYSTEM _ NC 
_________ _________ _________ _________

8. UTL UTILITIES 432~~878 231 T43193 .280 ’g.98
~~~~. 

EH~M 1  ECC~HYDRAULICS NA 1 — _________ ________

Q.. ~~~L COMTROL MODULE — NC 
__________ _________ __________ _________

2 . I PSC PERSONNEL SUPPORT COMPLEX NcI
~~~~~~~~~~~~~~~ AGENT DESTRUCTION SYSTh-l 13397.2 294 2~ I5b.9 7.QQ
4 iETS EXPLOSI VE TRECAT NENT SYSTEM NA 

__________ _________ _________ _________

~~~~~ PROJECTILE ~EMIL MACHINE NA { 
_________ _________ _________

8J PPD PROJECTILE PULL AND DRAIN MACHINE ~5U3.~~~~~ 195 5~ 12O.O1 2 _ _ _ _ _ _) LL~ CENTRAL DECON SYSTEM 256.7 3896 1169 2 4. 5~
0. PDF PROJECTILE DISASSE MBLY FACILITY NC 

__________ _________ _________ _________

~~~~~~ BULK ITEM FACILITY NA - 
_______  

- _______

_________________________________________ ________________________________________ ________________________________________ ______________________ I
2.1~1HE MATERIAL HANDLING - EQUIPMENT 19~U.U52 521 1704 8 .6661 8 88 — ö

~~
~~rF~~ j FILTE R SYSTEM 636.4 p571 4512.6 17:09 0.99
4Ji~OR MO RTAR DEMIL MACHINE NA I~ ThTh J MINE DEl-IlL MACHINE __________ __________ __________ ________________

~~~~~~~~~~~~~~~~~ 
P I P I N G  5O .7 7 5~ 19ô95 1149 496 2 94

~~~~~~~~~~~~~~~~~ 509 .91
CI
6

_ 
19b1 

_________ ______________

~~FP~~1 PERI METER MONITORING 
_ _ _ _ _ _  

~~1O3L496 2:02 
— 

~O .99

~~P MOD I SCALE MODEL NL 
________ ________ ________ ____________

~~~~~~ CLOSED CIRCUIT TELEVISION 114.155 ~1bU 228.310 Z.O 10.99
Lj COM J COM~ UJ ICA T IO NS 365 .296 - 2738 iogs.~~r 3.U 10.99
2. DML 1 CHEM: CAL LABOP CI’CTORY N 

__________ _________ _________ _________

33. DEl DETEC T ORS 
__________ _________ _________ _________

3~~~~~~
1 T E C~~ I CAL DATA_PAL GE 

~~~~~~~ ~~~_______  ~~9J3.J4~ ~~~~~~35.1 SCS~~IT E CONT1~OL SYSTE ~I __________ _________ _________ _________

6. tTNG J TRAINING — 

NC __________ _________ _________ _________

7 !.~~~ 
I RE PAIP & ~-~~iNTENA NCE NC __________  _________ _________

8. SIIP 1 SYSTEM NAN~ GEMENT AND PLANN PIG NC __________  __________

_ _ __  

-i 

_3L OES OPERA TIO NA L ENGINEERI NG SUPPORT NC ___________ __________ __________ __________

4.~ SIT I INITIAL TEST & SITE DEVE LUPME~IT NC 
_________ _________ _________

~L. SYS I SYSTEM INT EGR~TIOr1 NC __________ _________ _____________________

TOTAL MUNITION PROCESS 23881.5 41.9 189684.6 ~7.9 10.8’
NA - BB NOT APPLICABLE TO THIS MUNITION) NC - DO NOT CONSIDERED IN ANALYSIS PER PRIOR AGR EEM EN T
NEG - NEGLIGIBLE

CI - CI - CICI -- CI~~~~*- -- - - -~~~ CI ~~~ - ~~~~~~~~~~~ ~CI  -- - -

~

CIiCI

~

_ -
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MUNITI ON AVAILABILITY PARAMETER SUMMARY-I

MUNITION DEMILITARIZATION PROCESS FLOW: PROJECTILES/CARTRIDGES ,GB/VX WITHOUT BURSTERS

MUNITION : Cartridge , 105m ,M360 with Welded Burster Well 
A~~NT: ~XP: ~ROP : PRO~~S S F

N O. A BV. BUILDING BLOC K N A  MTBF N XTM MTTR

T O~~~~ UNPACK AREA - MEG 
— 

~iA N F~I N/A _2_C
2. ECC Ex PL0SIv: CONTAINMENT CUBICLE NA —— —— —— ——
4. DFS DEACTIVATION FURNACE SYSTEM NAt -- -- -- -— 1 -
~~ ~~~~~TAL PARTS FURt-~ACE - I 4JöU

~~~ ~2B !38396 8.77 O.9f

~~ RDM ROCKET DEMIL MACHI NE NAT -— —- —— ——
7. DUN DUNNAGE INCINERATOR SYSTEM NC __________ _________ __________ _________ —

~T UTt T UTILITIES 432~ .5J8 ~3 I  ~ 3 l93 .28O 9.98
9 EHM j ECC HYDRAULICS 

— 

NA -- -- —- 
-- -— -

Q.~. c~
j CONTROL MOD u LE NC 

__________ __________ __________

2. PSC J PERSONNEL SUPPORT COMPLEX NC ( 
__________ ________ _________ _________ —

13. ADS AGENT DESTRUCTION SYSTEM J~9/.2 19
4CI_ 

~3765.9 7.00 O.9i

~~~~~ 
EXPLOSIVE TREAT MENT SYSTEM 

— NA~ —— —— -— —— -
5JPDM PROJECTILE ~EMIL MACHINE NA -- — —  -- — —  -

8. PPD PROJECTILE PULL AND DP~.4IN MACHINE ~b~J.bIi 
_________

~~~

94S 615I

~~

.18 0.9’
9. CDS I CENTRAL DECO N SYS TE M 256 .7 

~~~~~~~~~~ 
fl&9.2 J4 ~~CI55

C 
o~ PDF~~PR0-JE CT ILE DISASSEMBLY FACILrTY NC 

_________ _________ _________ _________

1. BIF BULK ITEM FACILITY NA —— —— I -— 
- 

— —  -

2. MHE 1 MATERIAL HAI-:DLING EOUIPME NT 152U.05Z s21 
- 

7O4~~ .666 8.58

~~ F I L I FILTER SYSTEM 6~~ .4 1571 ~~~~~~ 7 0 9

~~TM~~ MORTAR DEl-ilL MACHINE NA —— —- -- ——
~~1Tin~i M INE DEMIL MACHINE NA —— —— —— —— -

~~LP~~ I PIPING 
— 5 0 - / / 5  19695 - Th149.496 2.94

~7 Etr i ELECTRICAL - bU9.9Th~~ i~ T 103 1.495 2. 02
Z~ MOD I SCA ! .E MODEL NC 

__________ _________ _________ _________

~~~~~~~~ PERI METER MONITORING NC _________ _________ _________ _________ —

~Q~ LcI~_ I
~~~OS ED C iR CUIT TELEVI S ION 114 .155 8160 228 .310 2 .0

~1 JCOI-’; I  CCVM L!NICAT IONS 365 .296 ~~38 1095.888 3 .0
~~CI~D~ L I  C HEMI CA L LA BO RA TORY NC 

_________ _________ _________ _________

2 C . OCT DETEC T ORS NC _________ ________ _________ ________ —

34.I T DP t TECH N ICAL DATA PACKAGE NC 
_________ _________ _________ 

_________J
3~~T~CST~ 1TE CONTROL SYSTE M ~787 872 359 — 5973 .744 L~1~ fl...9~
~~~~~~ 

I T? A I~
; ING NC __________ ___________ __________

3 7 .  Ip~~ REP A IR ~ M~ r- :T ENA NC E NC _________ __________ _________

~~ SMP SYS TE M M~N~~ EME1~’T AND PLA NN I NO NC __________ __________ __________

3~~~rOE S ppE~ 4TI pNAL ENGINEERING SU PPORT NC: _________ __________ _________

4..QJ~LIj Ir~IT IA L TEST & S ITE DEVELO PMENT NC~ —

4LJSYS SY STE M INT EGR~T 1ON NC’ _________ _____________________ —

TOT AL MUN IT IO N PROC ESS 1 24441.2 40.9 1194510.2 18.0 O.8

NA - BB NOT APPLICABLE TO THIS MUNITiON

MC - BB NOT CONSIDERED IN A;~ALYS IS PER PRIOR AGREEMENT

- - 
- M E G - NEGLIGIBLE

- 
- - CI - - - - -- CI~~~~ - - -— —

- C - - -CI - - ~~ 
~~~~~~~~~~~~~~~~~ 
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION D~MILITARIZATION PROCESS FLOW: PROJECTILES/CARTRIDGES ,GB/VX WITHOUT BURSTERS

MUNITION: Proj ect il e, 155mm ,M121A1 Agent: GB Exp: None Prop: None Process Rate : 32 .5/h

NO .IABV . BUILDING BLOCK NA MTB F NxTh MTTR

T JDP~ UNPAC~< AREA z4 F.1J39 4149 ~~~~~~~~~~~~~~~ Z . 4 3
~TIECC EXPLOSIVE CONTAINMENT CUBICLE NA 

_________ —— —— _________

4. DFS J DEACTIVATIO N FURNA CE SYSTEM NM —— _________ 
[ —— _________

5. MPF METAL PARTS FURNACE 4380.3 228 p8396 8.77 O.9f
6. ~~j ..~Q.CKET DEMIL MACHINE NA —— —— —— _______________

7. DUNNAGE INCINERATOR SYSTEM NC 
__________ _________ _________ _______________

L .VIL UTILITIES 2874.761 348 28791.522 10.02 2.~2
9. EHM ECC HYDRAULICS ~ A —— —— —~~ ——
0. CON CONTRQL MODULE NC 

—

2.]PSC PERSONNEL SUPPORT COMPLEX N~ __________ _________ _________ _________

3JADS AGENT PjSTRUCTION SYSTEM 3397.2 294 237~5.9 7.00

~~~~~ EXPLOSIVE TREAT MENT SYSTEM -_ —— j —— _________

5. PDM PROJECTIL E ~EMIL MACHINE -- -— I -— —.
8. ~

5• 
~ JECT ILE PULL AND DRAI N ~ACH 1NE 3539.685 283 1 ~65/ I.31~ TO.33~~~~ ~~~) 9. CENTRAL DECON SYSTEM 256.7 3896 ~1169.2 4.55

0. PROJECTILE DISASSEMBLY FACILITY~~~~ 
—

1. BIF BULL ITEM FACILITY —— —— _________ _________

~ 1 MATER IAL HAN DLING EOUIPMEUT H1386.589 721 flQ5~~~3 8.60

~~~~~ 
FILTER SYSTEM 636.4 1571 4512.6 7.09

47fl~~ MORTAR DEMIL t~AC HINE N~ -- —- _________ 
-~~

~ ~1TW MINE DEMIL MACHINE —— —— —~ 
— _

~~ PIP PIPING s0~77~ 1959 5 149.496 2.94
7 ELE ELECTRICAL 509.916 J961 1031.496 2.02

~T MOD SCALE MODEL NC ——
~~~ PERIMETER ~ONIT0RING _________ _________ _________ _________

o.jciv CLOSED CIRCUIT TELEVISION 11 4.155 8750 228.310 Z.0

~~ CO~~U~UCATI0NS 365.296 Z Iiö 1095.888 3.0
I L  CHEMiCA L LABORATORY ________ ________ ________

33.JDET IJ~TECT0 RS _________ _________ _________

34 .ITD P TECHNICAL DATA PACKAGE NC — I 
—

3~~~~C~~~1T~~~C~TROL 5Y$T~~ 
2787.872 359 I 59T3.744 2 .14 IQ ~ .

36.TThG TR’~i~ iNG NC _________ _________ _________

3L RP~ I REPh. IR ~ t i T EN~ ;C E NC~ ________ _________ _________

~~ s;•~P CYS M ; . :;
~GEMENT AND PLANNING NC1 __________ __________ __________

39 j0E5 OPE~ATjC~~L Efl~’NEER ING SUPPORT ~NC _________ _________ _________ _________ —

4~, ISJ T i 1~j~~~L T EST ~ SITE DEVELOPMENT JW — ________ _________ _________ —

4). ~SYS SYSTE M INT~3RA7ION NC _________ _________ _________ __________

TOTAL MUNITION PROCESS 20540.7 ,48.7 154202.0 17 .5  10.8

NA - BB NOT APPL!CAIJLE TO THIS MUNITI ON . )
P~C - SB NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT
NEG - NEGL IGICLE

w -
~~~~ 

-_— _ _ _
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARIZATION PROCESS FLOW: PROJECTILES/CARTR IDGES , GB /VX WITHOUT BURSTERS

MUNITIO N : Projectile , 155m , M12 1 With Welded Burster Wel l A~~NT: 
- 

~~~~~~~~~ ~R~P: PRO~~91~
.AT

NOi~~~ f 
BUILDING BLOCK NA MTBF NATM MTTR

T~~UPA UNPACK AREA 241.039 ~T49
____ 

584 .843 2 .43 J 0.9~2. ECC EXPLOSI VE CONTAINMENT CUBICLE —- —— I —— —— I —
1 DES DEACTIVATION FURNACE SYSTEM NA ! — -  — —  I — —  — -  —

~~ 1~W METAL PARTS FURNACE F4380.3 228 ~~~8396 8. 77 1 0.96
6. ROt~t ROCKET DENIL MACHINE NA L — —  — —  — —  --

L Q~~. DUNNAGE INCI NERATOR SYST EM NC 
_________ _________ _________ _________ _____

L VLL. U T I L I T I E S  2874 .76 1 348 ~~8797.522 10.02 1 0.97
~~~~. ~J-llL ECC HYDRAULICS - —  - —  — -  -— -

Q~ CON I CONTROL MODULE NC 
__________ _________ _________ _________ _____

2. ~~~~~~R~Q~:t:EL SUPP ORT COMPLEX NC 
_________ _________ _________ _________ _____

3. ADS AGE NT DESTRUCTI ON SYSTEM 3397.2 294 . 23Th5.9 7.00 0.97
4. ETS EXPLOSIVE TREATMENT SYSTEM NA —— _________ _________ -— -.
‘S. PDM PROJECTILE ~EMIL MACHINE —— -— —— _________ ____

‘L 8• PPD PROJECTILE PULL AND DRAIN MACHINE ~~~~~~ 
25U 1 39707.961 10.71 0 .96

‘1E~ 
çp~ CENTRAL DECON SYSTEM 25L7 389E 11169.2 4.55 0.9~

~~ PDF PROJECTILE DISA SSEMBLY FACILITY ~~ __________ _________ _________ _________ _____

LIBIF BULK ITEM FACILITY NA1~~ 
— —  — —  — —  — —  -

2Ti~H~Th~ATE R:AL HANDLING EOUIPMEUT 1386.589 72~ 11925.633 &.60 O.9 E
3.IFIL I FILTER SYSTEM 636.4 1571 ~~ 45 12.6 7.09 0.9~4. EM O R T MORTAR DE~ IL MACHINE NA — — —— —- —— —
S7fM1N MINE DEMIL MACHINE NA - —  — —  — —  — —  -

~~ PIP PIPIN G 50.715 ~~~~~~~ 149.496 2.94 
____

1 ELE ELECTRICAL 51Y9.9I~ T~36-f 1031.496 2.02 O.9~2~ ~OD SCALE MODEL — __________ __________ __________ _____

9. PER PERIMETE R MONITORING NC _________ _________ _________ _________ ____

0. CIV CLOSED CIRCUIT TELEVISION I I 4.I ~ 5 ~ /W ~Zb.iI0 2~.O

~ ~~j CO~~L’NICAT IONS 4t~ .~ 9b ~I4~ W95 .ö~~ ~.0 ____

LQ~L CHEN!CA .L LABORATORY NC 
_________ _________ _________ _________

3. IDET DETECTORS NC 
_________ _________ _________ _________

4. TDP~~TEC~~ICAL DATA PACKAGE 
_________ _________ _________ _________

5 ~~~~~~~~~~~~~~~~~~~ ~f~ 7 .~~7Z 359 [5973.744 2.14 ~~~~6. T~~~~T P.A !NJNG NC 
- 

—

7. I PJ,M I REPA IR & M~!NT ENAN CE N C 
_________ ________ _________ _________

R. ~SMP ~ S~ST EM fl~~AGEHE NT AND PLA NNING ~~~ _________ _________ _________ _________

~9.~ OE S .~PERA TIC ~~L ENG INW~!NG sUPPoRT NC 
_________ _________ _________ _________

40J51T _I INITI A L ~~$T & S ITE _DEVE LO?~~NT NC 
— ________ ________ ________ —

4]. ~SYS SY ~STt M INTEG RAT IO N J~C _________ _________ _________ __________
I 
—

TOTAL MUNITION PROCESS 20904.4 47.8 157338.6 7.5 1 O.8~ ~
) NA - SB NOT APPLICABLE TO THIS MUNITION .

NC - SB NOT CON SIDERED IN ANALYSIS PER PRIOR AGREEMENT

NEG - NEGLIGIBLE

~-:;~-.~ ~~~~~~~~~~~~~~
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARIZ ATION PROCESS FLOW : PROJECTILES/CARTRID GES , GB/VX WITHOUT d~1STERS

MUNITION : Project i le 1 155mm , M 122 Agent: GB Exp: Non e Prop: None Process Rate: 32.5/I~

NO. ABV. BUILDING BLOCK NA MTBF N XTM MTTR

]= IJ?~ 
UNPACK AREA Z4 1.039 ~T49 584 .843 Z.43

2. ~:cc EXPLOSIVE _ CONTAINME NT CUD1CLE NA - —  - -  - -  — -

4. DES DEACTIVATION FURNACE SYSTI~~~ -- -- -- --
5 ft’f~~W iAL PAPTS _ FURNACE

__________________ 
4380 3 228 38396 8 77

6. RD~j_Roc rET DEI •1IL MACHINE NA —— —— ——
7. DUN ~JJ&G~_ J~ C INERAT 0R SYSTEM _________ _________ _________ _________

8. U IL UTILITIES __________________________ 
2874.761 348 28797.522 10.02 ~J9. EHM ECC HVI) RAUL [CS -- -- -- --

P~ CPJL ItIB~1L1~Ol 2kILE NC 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

~ PSC pLRS EL Su~~~BLc~~~LEX _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  —
3. ADS AGEN LP~STRUcJ1IO~L~1~IEM 

3397.2 294 23766.9 7.00
j~ FI~ EXPLOSIVE TREATME NT SYSTEM NA -- —- —- --
15 . P1)M PROJECTILE ~EMIL MACHINE ~NA -- —— —- --

“
~ 8. PP PROJECTILE PIJLL AND DRAIN MACHINE 3539.685 283 p6571.318 TO.33 ~~~

)
~~ GUS CENTRAL DECO N SYSTEM 256 .7 3896 [ff69.2 4.55
0. PDF PROJECTILE DISASSEMBLY FACILITY ~~~ __________ _________ _____ _________

1. BIF BULK ITEM FACILITY NA —- -- -—

~ E~1~ ~ ATE RIAL HAN DLING EQUIPMENT 138b.5~9 I~ I I~T5.633 8~ bU
3. FIL FILTER SYS TEM 636.4 151F ~~:2.6 7.09
4. F4OR MORTAR [)EMIL MACHINE NA -— — —  -- — -

~ MfW MINE DEMIL MACHINE NA —— —— —— ——

~~ PIP P I P I N G 5O~775 19695_ 149.496 Z.94
7 ELK ELECTRICAL 509.916 1961 1031.496 Z•UZ

2BT MOD SCALE MODEL NC 
________ ________ ________ ________

29. PER PERIMETER MONITORING Nt 
_____ _________ _________ _________

0. CIV CLOSED CIRCUIT TELEVISION 114 .1 55 8760 228.31 0 2.0
1 COM COMM UN ICATIONS 365.296 2738 1095.888 ~.O2 . DML CHEMICAL LABORATORY NC 

_________ ________ ________ _________

3. DEl DETECTORS NC 
_________ _________ _________ _________

4. 1DP TECHNICAL DATA PACKAGE 
_________ ________ ________ _________

~~~~~~ sCc 3jJ~~Co1JnOLT~Y~TTM 2787 872 ~59 ~973 744 214
6. ~~~ 

TRAINING ___________________________ _________ _________ _________ _________

7. RAM ...PEPAIR &J~~JN TENAN CE NC_ 
_________ _________ _________ _________ —

~~.. S_Mp~ ~ Y$iE~ 
MANAGEM ENT AND PLANNING _ NC 

_________ _________ _________ _________ —
9~ ~~~. ~~~RATION~LJ NGJN EERING SUPPORT ~~~ _________ _________ _________ _________ —

Q~.. $fl. iNITIAL TEST & SITLDEVEL OPME NT NC 
— _________ _________ _________

4L S.Y1 SYST E!LINTCGMIION NC 
_________ _________ _________ _________ —

TOTAL MUNITION PROCESS 20540.7 48.7 1 54202.0 7.5 0.

) NA - BB NOT APPLICABLE TO THIS MUNITION )
NC - BB NOT CONSIDERED 1N ANALYSIS PER PRIOR AGREEMENT
NEG — NEGLIGIBLE

- ____ - — ——---—- - ~~ — —_—
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARI ZAT ION PROCESS FLOW : PROJ ECTILES/C ARTRIDGES , GB/VX W IlHG~’T RURSTERS 
—

MUNITION : Projectile , 8” , M426 Agent: GB Exp: None Prop: None Process Rate : 20/hr.

N ABV. BUILDING BLO CK NA MTBF NXTM MTTR
•1. UPA 1JtTP~c K A ~~A____ __________ 

Ibi.bUb 651 4 371.708 2.42
2. E ccTi!T~x~~OS IV E_ CO NTAI NM ENT CUI~ICLE NA — — —— —— -- --
4. DFI~IJIDEACTI V ATJ OU FURNACE SYSTEM NA -— -- -— -- --
5. M~~1~~PT A L PARTS FURUAC [ 4380.3 228 38396 87 7 D~9fi3~U

3 ~~. 1~b~1J POcEIT DEMI L MACHINE NA — —  — —  — —  -- — —  

-

1. Di :U I L’~~~A~E INCIN ER ATOR SYSTEM NC 
__________ __________ __________ ________

~~U~jJ Tinif~ TR3E T~~ 545 18514.839 10.08 a.~ai&
9. ~!I~1 I~cC HY A~1[JCS NA -- -- -- - -  --
0. CON ~~~~~~~~~~~~~~~~~ NC 

_______ ________ ________ ________

PD ~fDJLF iJPPOiLS0iiP1~EX NC 
________ _______ _______ _______ ______

3. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3397.2 294 23765.9 7.00 0.9768
4TJj~TS [XI  O S I V E  TREATMH1L$X~TEM NA -- -- --  -- --
5. PU M PROJECTILE i)E?~IL MACHINE NA —— -- -- --
8. PPD F~PRO .JE CT IL E PULL AND DRAIN MACHINE Z4UU.~ 9~ 417 24750.822 1 0.31 0.97~~
9. c~~ rI~~~ i EcO;I sY~~~ 

25b.I 3896 1 169.2 4.55
O.!PDF PPUIECTILE DIS/~SSE !-~BLY FACILITY N C 

______ ________ _________ _________ _______

LIBI F Bu L K ITEM FACIL ITY NA — —  — —  — -  — —  — —

~jj~iE J IATERIA L HAn DLING EQUIPMENT jUU ~).544 994 ~7~~ 324 8.22 0.99fl~
I ~IftJLE~iJjJ5~_Sx ST Er 1 636.4 1571 4512.6 7.09 0.9955

ORjj~OPT AH DEMIL MACHINE NA -- -- -- -- 
_____

5. IMJ N .J M1F ~E DEMIL MACHI DE —— —— —— —— ——
6. IPIP P I P J ” G _____________________________ 50.775 19695 149.4% 2.94 0.99gB

~~ J E L E  ELECTRICAL 509.9th 1951 1031 .496 2.02 0.9979
8.iMOD SCA l E MODEL NL 

________ _______ ________ ________ ______

9JPER PERIII[TE R MOIII TO RJ NG Nt 
_______ ________ ______

O. ICTV I CLOSED CI f lCUIT TELEVISION 114.155 b/6U ZZ~ .JIU 2.0 0.9997 
Jb5.~~b 2738 109b.~~~ 3.0 

______

2. DML CHE~IICA L LABORATORY 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

~T ft~~I~~Th~s
_ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _

34. TUPJ TECHN ICAL DATA PACKAGE ~~nI 
______  ____  ______  ______  _____

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2787.872 559 5973 .744 2 . 14 0.994 1
6. TUG ITRA ININ G _____________ ________ ________ _______ ____

3Z.~. ~A!~LLEEP!~iJu & M 4 I NT ~tJ~N~E _________ ________ ________ _________ _______

~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ NC _________ ________ ________ _________ _______

39~ Q~~ 
E RAT IO IIALj fl (JNE ERING SUPPORT ~Nf ________ ________ ________ ________ ______

4IL~~iL IIIJTJ I\I. TEST .~ S ITE DEVELOPMENJ ~J~i - ________ ________ ________ _________ _______

41. ISv.~ ~!STEM INTEG RAT ION __________ _________ _________ __________

TOTAL MUNITION PROCESS 1 7894.7 55.9 12822~~~1 7.2 0.8859

NA - 813 NOT APPLICABLE TO THIS MUNITION
NC - BB NOT CONSIDE RED IN ANA I.YSIS PER PRIOR AGREEMENT
IIEG — NEGLIGIBLE

r 5-98
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITA RIZATION PROCESS FLOW : PROJECTILES/CARTRIDGES , GB/VX W IT K T BURSTERS

MUNITION : Projectile , 155nr , M 12 1A 1 Agent: VX Exp: None Prop : None 
Pro~~s~ ,,

I~~te:

• NO. ABV. BUILDING BLOC K N A MTBF NA TM MTTR
• 

T iJP7c TJ!~PA CK A r~r~~ ________________ 
14t.U39 4149 589.843 2~43

2 . [CC E XPLOS I CO jAINM Ej~j~~~~I~~E NA -- -- -- -- --
4. DF S DEACTIVATIO N FURN A C E SYSTEM NA -- -- -- -- --
5. MPF M A L PAIiTS FIJRNA 

______________ 4380.3 228 38396 8~77

~~ RUM ROCKU DEMji.~~~CHI fl~ NA -- - -  - -  - -  - -

L PP~L S HACIDERATOR SYSTEM NC _________ _________ _________ _________ ______-

8. I!jj,_ ~!jjUT ES__________________________ 2374. 76 1 348 28797.522 1(L 02 f.L9121L
9. IHM FCC HYDRAULICS NA —— -- - -  - -  - -

Q. Cfl’L fO~LLR~~~~~A L
2. 

~~c ~~~~~~~~~~~~~~~~~~~~ NC 
______  ______   ______  ____

~ APS. ~~[iLLQJ j~j~LCjj QtLSYSTEM 4769.1 210 3~~ 3 ~~~4 . ETS EXPLOSIVE TREAT In ENT SYSTEM NA -- —- -- - - --
5 . PDM PROJECT IL E ~{MIL MACHINE NA -- -- -- - - - -

8. PPI) PROJEC1J~~ PULL t~P~DRMN ~IACHINE ~539.685 283 36571.318 10.33 0.9647
9. CDS CENTRAL DECON SYS TEM 256.7 3896 11~ 9 .2 4.55 ~‘ 9988

• 0. PDF PROJECTILE DISASSEMBLY FACILITY NC 
_______ _________  _________

1. RIF BULK ITEM FACILITY NA -- --  -- - -

2. MH[ MATERIAL HANDLING EQUIPMENT 1386 ,589 721 11925 .633 8.60 0.9882
~ FJ L FILTER SYSTE M ___________________ 636 .4 1571 4~12~6_ 7.~o9 — _____

4. MOB MORTAR D E M I L  MACHINE NA - -  -- -- --  --

~ MIN MINE DEM1 L MACHINE NA —- —-  -- --  --
~ PJf. PE1~~ ______________________________ ~Q~775 1969~_ 149.496 2.~94 O~99987: ELE ELECTRICAL 509.916 1961 1031.496 2 .02 0.9979

MOD SCALE MODEL NC 
_________ _________  _________ ______

PER PERIMETER MONITORING NC 
_________ _________ _________ _________ ______

CTV CLOSED CIRCUIT TELEVISION 114 .155 8760 228.310 2.0 Q,_9_991.
co~~ico ~~prIr cATION S 365.296 2738 1095 .880 3.0 0.99~9

~ OML E CHEMICAL LABORATORY NC 
_________ _________ ________ ________ ______

33. DEl I DETECTORS NC _________ _________ ________ ________ ______

34. TDP I TECH NICAL DATA PACKAGE NC 
_________ _________ ________ ________ ______

~5 SC~JIS IJ.E..COILTROL SY STEM 2787 872 359 5973 744 2.14 0 9941
36 . TNG_ TRA iN ING NC 

_________ _________ ________ ________ ______

3L ~~ REPAIR & MAINTENANCE NC 
_________ _________ ________- ________ ______

38. SlIP SLST FM MANAGLM~~LA1W PLANNING NC 
_________ _________ _________ _________ ______

39. ~2i~ OPE RAT IONAL ENGIN EERING SUPPORT NC _________ _________ _________ _________ ______

~~~~JL JNITI A L TEST & SITE DEVELOPMENT NC 
________ ________ ________ ________ ______

41. 1SYS SYSTE Il INTEGRAT ION NC 
_________ _________ ________ ________ ______

TOTAL MUNITION PROCESS 219 12.6 45.6 166429. 1 7.6 0 .857 1

NA - SB NOT APPLICABLE TO THIS MUNITION
NC - 613 NOT CONSIDE RED IN ANALYSIS PER PRIOR AGREEMENT
NEG - NEGLIGIBLE

5-99
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MUNITI ON AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARIZ ATION PRO CESS FLOW : PROJECTILES/CARTRIDGES GB/VX WITH ~ ‘~ST[RS

lO5nin , M360 Agent: GB Exp: Tetryto l Pr~op : Ml

MUN ITION : PROJECTILES/CARTRIDGES GB/VX WITH BURSTERS

I~BV.~ BUILDING BLOCK N A MTBF N X TM MTTR

L ~~~~~~~~~~~~~~~~ ______________ NEG . N / A NE C , N]A _____

i~ L C f T~ 0~~~~~~~~~~~ 4F NT CUBICLE 1138.286 879 13344.927 11.72 Ijj 9~~S~4. [IFS I) EA CT IV ATI ON FURNAC E SYSTEM 252D .1 397 17417.3 ~~~~ Q~9P~IL
5. M1’ F ME1AL PARTS fUwU~cr ______________ 

4380.3 228 38396 8.77 Q.96 30
• 6. RD -1 ROCKET DEMI I. MACIl I N ~ NA —— —— — —  — —  — -

7. DUN ~~J~~~P[_Uic.1~LEJ~ATOR SYSTEM _____ ________ _________ ________ ______

8. IJTL UTILITIES ______________________ 
4~~~.8Th 231 43193.280 9.98 0.9586

9. [RH ECC HY DRA U LICS 4a28.8?8 231 43193.280 9.98 0.9586
0. ~O~L ~~~~~~~~~~~ 

NC 
_________ ________ _________ _________

2~ ~~ P 1 P ~~~~EL~~1JPJ 1~Lct’NnPJ~ EX NC 
________ ________ _______ _______ -- ——

3. ADS AGEI JT !) ESTRUCTIOU $ TEM 3~97.2 294 23765 .9 1.00 0.9768
4. ETS EXPLO SIVE TREATMENT SYSTEM 393.9 2539 2246.8 5.70 0.9978
5. PDM PEOJ I CI I I.E DEll I L MACHINE _________ 

4470.142 224 56525.312 T~~~ 0.9465
FPD PPO1F .CII L E PULL AND DRAIN_MACHINE 5133.993 195 53120.012 T?L35 0.9496

3 cos C F iJ T E A L [)ECON SY ST E ? 1  _____________ 

Z5b.7 3896 1169 .2 4.55 0.9988
PRF PInOJI CTILE DI SASSEMBLY FACILITY NC_ ________ ________ ________ ________

1. B I F BU~ K I 1 F M F A C 1 L I T Y  NP. -- --  - -  - -  - -

2. HU E M A T E R I A L  HANDLING EQUIPMENT 5426.81 5 184 43942.101 R lfl_ n Q~ 79
3. FIL FILTER SYSTEM 2Z~13_...._. 1031 687Q.4_ 7.09 10.9932
4. MOR MORTAR DEMIL MACHINE NA -- -- -- -- - -

~ MIN MINE DEIIIL MACHINE NA —— ~~~~~~~~— — —— —— — —

~ PIP PIP IN~~ __________________________ 50.775 19695_ ]49 496 2.94
/. ftL ELE~fl~J~ \L_______________________ 509 .916 1 961 103L496 2 0 2

2ff~ MOD ~ 7~E MODE L NC 
_________ _________ _________ _________ _______

~9. PER PER IMETER MO N ITORING NC 
_________ _________ _________ _________ _______

o. CIV CLOSED CIRCUI T TELEVISION 114 .155 8760 228.310 a 0 0.9997

• 1 co:.i c~~~iuic~iioui s 365 .296 2738 1085 .888 3 .0 0.9989
• 32. DM1. CHEMICAL LABORATORY NC 

__________ _________ _________ _________ _______

33. OCT DETECTORS NC 
__________ _________ _________ ______ _______

34.d TOP TECHN ICAL DAT AGE NC 
_________ ________ ________ ________ _______

3~5jSC~.~_ SITE CO IJROL SYSTE M 2787 872 359 5973 744 2 14
36JTNG TRA IN ING NC 

_________ ________ ________ ________ ______

31 RAM RI PA IR u1~j~j SjA~t(cL__ NC 
________ _______ _______ _______ ______

~~J5!iL ~y~J A c ~j~LNTfi~n_ PLANt4 N NC 
_________ _________ _________ _________ ______

3iJ~
$_ I~~J1O~~LE1~J1LELRLNG SUPPORT - _______ _______ _______ _______ _____

4IJSIT j 1U1JJi~~T~SL& SIIL1lL~ ..LQEMENl NC 
_________ ________ ________ _________ _______

4LI SY$ I SYSTEM IflI~~RATION
TOTAL MUNITION PROCESS 40573.5 24.6 351672.4 18.7 0.7387

NA - BB NOT APPLICABLE TO THIS MUNITION

N C - 613 NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT
MEG — NEGLIGIBLE

C
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• MUNITION AVAILABI L ITY PARAMETER SUMMARY

MUN I T i ON DEMIL I TAR IZAT I ON PROCESS FLOW : PROJECTILES , MUSTARD WITH BURSTERS

MUNITION : Projectile, 155m , Mll 0 Agent: H Exp : Tetryto l Prop: None Process Rate :

NO. A BV . BUILDING BLOCK N A MTBF N XTM MTT R
E ~J~K UNPACK ARE]\ Z4t039 4149 584.843 2.43 fl.999&
2. [CC EXPLOSIVE _ CQI~JA INME N T_ CUBI CL E 796.688 1255 9337.351 ]1.72 0.9907
4. DFS DEACT IVATIOJ J FUR NACE SYSTEM 2520.1 397 17417.3 6.91

• 5. MPF METAL PARTS_~1LR!L~~ 4380.3 228 38396 8, 77
6. RDM BO C K E I D E M1I MAC H INE NA —— -- -- -- - -

7. DUN DUiINAGE IN C lN ~j~AT0R SYSTEM NC __________ _________ —________ _________ _____

~ VJL. AJJJIIIIES — 2874.761 34.8 28797.c22 in (P a~922a~
._

9. EHM ECC HYDR A ULICS — 2874 .Th1 348 Z8797~~22 1(Lfl2 0 9721i

~ CON ~~MTRQ1 MODULE _________ ________ _________ _________ ________

e~c PEP~~Qffl ~&~~~JPP0RT COMPLEX NC 
_________ ________ ________ _____

3. ADS AGENT DESTRUCTION SYSTEM — 2248.3 445 14483 .4 6 .44 O 9 P ~ 7
4, FF5 EXPLOSIVE TREATMENT SYSTEM 393 .9 2539 2246 .9 •5~ 7O

1~~ PP~ PR~~~CJJIE ~EMIL MACHINE 2948.017 139 37250 .944 J2~6L~~ 0.9641
8. ~PD PROJECTILE PULL AND DRAIN MACHIN E 

— 
3025 .018 331 31661.549 10 .47 Q.Ji.~J13

_
19. CDS CENTRAL DE CO N SYSTEM NA -- -- -- - --
0. RJ)F PROJECTILE DISASSEMBLY FACILITY NC _________ _________ _________ _________ —
L BIF BULK ITEM FACILITY NA -- -_ -- _ -  - -

2. ~}1E MATERIAL HAU DLJN G EQUIPMENT — 3688 .244 27 1 ~Q~47 ,3~ 8.28
• 3. FIE F I L T E R  SYSTEM 

— 
970.3 1031 6879_.4 7.~ 9 0.9932

4. IIOR MORTAR DEMIL MACHINE NA -- -- -- -- --
T MTh MINI DEMIL MACHINE NA -- -- -- - -- -_
6. PIP PIPIi ~G 23.908 4T~27 64 .232 2.69 0.9999
I. LE E ELECTRICAL 509.916 1961 1031 .496 ~~~~~~ 0.9979

MOD SCALE MODEL NC 
_________ _________ _________ _________ ________

FIR PERIMETER MON ITORING ________ ________ ________ ________ _______

CIV CLOSED CIRCUIT TELEVISION 114.155 8760 229.31Q._ 2.0 0 9997
1. CON C0I~M UUI CAT IONS 365.296 2738 1095.888 3.0 _______

2. DML CHEM ICAL LABORATORY _________ _________ _________ _________

3. OCT DETECTORS NC - ________ ________ ________ _______

4. TOP TECHNICAL DATA PACKAGE NC ________ ________ ________ I ________ _______

3~. ~C�i sI1Lc~jnO~~ YsTEM 2787 872 ~~ 5973 .744 JTJ4
6. TUG TRAINING NC 

_________ ________ ________ ________ ______

L~. B~I!i R~?~IR & Mf~II~JENANC E NC 
_________ _________ _________ _________ _______

~ ~~P SYS1~~~~~ jAGE11fitjLRlP..EL~t{tlING NC 
______ ______ ______ ______ _____

9,. QC$ .QPEPAIIO P.L~ ii’ RThG~~I2PPDRT NC 
________ ________ ________ ________ _______

~~~~ ~jj . JI IITIAI . T E ST_J SI l L DEVELOPMENT NC 
_________ ________ ________ ________ _______

~L S1~ •SYST [M INTEGRAIWN NC 
_________ _________ _________ _________ _______

TOTAL MUNITION PROCESS 30762.9 32.5 254793.3 
‘
18 .3 0.7966

NA - BB NOT APPLICABLE TO THIS MUNITION
NC - BB NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT

IW.G — NEGLIGIBLE

• 5-101
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I ~~IS PAG~E IS BEaST QUA~iITY PRLCT1C~.BL!
V M aCri, NISI~ED TO DL)C

MUNITION AVAILABILITY PARAMETER SUMMARY

MUNIT I ON DEF IILITARIZ A T I ON PROCESS FLOW: PROJE CTILE S, MUSTARD WITH BURSTERS

MUNIT I ON : Projectile , 155 nm , M1 04 Agent: HO Exp : Tetryto l Prop: None 3 h

NO[~~~. BUILDING BLOCK N~ MTBF N~TM MTTR

I tUP7~ 1T PA1~T A ~~A _ _______________ ~41 .039 4149 584 .843 ~~~~ ~~~~~
~j Eçç_ Explos ivE cONT INN rnIcLE 796 ,688 1255 9337 .351 JL12_~ a_a~n~L

~~~~~~~~~~~~~~~~~ SYSTEM 252O .L~~. 397 17417 .3 6.9 1
SJM PF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4380.3 228 38396 8.77 0.9630
6.jRDf.l ROCKET DEMIL MACHINE ~‘1A — —  — —  — -  -— ——

• LJDUN E)IINr IAG[ INC IC ERATOR SYS TEM NC 
_________ ________  ______

8. I tij_i (JLIUJIE~~_~ ______________________ 
2874.761 348 28797.522 10.02 -

9jF11M j c~_~4yj~R~\jJj .Jç$_____________________ 2874.Th1 348 ~8797.522 iO.0~~ 0.9/20
Qj cOfI CO NT~UL MO JU~_ NC _____ — ________ ________ ________ ______

~ JP~I f~J J 1 L ~ 1JP P.OJU Cc F’I1LEX NC _________- _________ _________ _______-

3.IAp~. ~~~~~~~~~~~~~~~~~~~~~~~ 224 8.3 445 14483 .4 ~.44
4. ETS E XP L O S iVE TRE A TM ENT SYS T~jj_~ ______ 393.9 2539 2246.8 5.70
~~~. poi~ PROJ ~F DEM1I M ACH INE ______ 2948 .017 339 3]25O.54~ L~.6 4 0 .9641
8. PPD PR OJE CT ILE ~ PJ 1L~Ac1II~~_ 3025.318 331 JI~ L~49 JILA1 0.9693
9. CBS CENT RA L [)ECOFl SYSTE M NA — —  - —  — -  -- - -
0. PDF PROJECT ILE DISASSIII1B LY FACILITY NC 

__________ _________ __________ __________ _______

• 1. BIF BULK ITEI1 FACILITY NA —- — -  - -  - -  - -

-~~ 2. MHE ER L DL EQUIPMENT 3688.244 271 ~~j J3~9 8.28 0.9704
) 3. F! F I L T E R  SYSTEM 

______________ 
970.3 1031 6879.4 7.09 0.9932

4. ~OR MORTAR D E MIL MACIIINE NA 
_________ 

-- -- -- - -

~~ MI N MINE DEM IL MACHINE NA -- -- -- -- --
~ pJp p ip i~w___________________________ 23.908 4182 7 64.232 L~~ 0.9999
7 E L F ELECTRICAL ________________________ 509.916 1961 1031.496 2.02 0.9979

2~~ wiT SCALE_MODEL NC — _____ ________

29. PE~~J~E R I M E T E R  MONITORING NC 
_________ _________ _________ _________ _____

• Q~ c YJfI .~~IP~~I~CU IT TELEVISION 114.155 8760 228.310 2.0 0.9 997
• 1 . COM LCUMJ .1UNICAT IONS 365~Z96 2738 1005.888 3.0 O .99b 9

-~~~~ L~~IJ~tJY~J- LABORATORY NC
• 33. DEl I DETECEORS NC 

_________ _________ _________ _________ ______

• 34. TDP I TECHNICAL DATA PACKAGE NC 
_________ ________ ________ _________ -______

35. SCSJ S ITLCOr’TROJ.~YSIf M 
— 2787 872 359 5973 744 2 14 0 QQ~ i

6. iNC LT RA !N INC NC ________ ________ ________

~7. AM~~~~RFPA iR F. M A INTE1IN ~CE________________ ________ ________ ________ ______

~L ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ NC ________ ________ ________ ________ ______

~9.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4~~ SJL1JI W~~LTLSLLSJ1 L~~iYLLDfBE1 j1JL . ______ ______ -_____ ______ _____

4L S1~ L~YST [M_It~I AllPiL~~~
TOTAL MUNITION PROCESS 30762.9 32 .5 254793.3 18.3 10 .7966

NA - RB NOT APPLICABLE TO IHIS MUNITION
NC - BR NOT CONSID ERED IN ANALYSIS PER PRIOR AG REEMENT
NEC — NEGLIGIBLE

5-102
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEI.IILITARIZAT ION PROCESS FLOW : 1123 MINE , VX

MU N ITIO N : M i ne , 2 Gal l on , M23 Agent: VX Exp : Comp B Prop: None Process Rate : 40/h

~~~~~ BUILDING BLOCK N . MTBF MATH MTT R

r UP~ UI~Ti~~ThREn NEC NJA — NEG. ____ _____

2. ECC EXPLOSIVE CONTAINMENT CUBICLE 802.360 1246 9556.234 11.91 0.9905
4. ~~~~~DE ACT IVAT I0N FURNACE SYSTEM 2520.1 397 17417.3 6.91 0.9829
5. MPFj~ :TAL PARTS FURNACE NA -- -- -- -- - -

6. RDM P• OC YE T DEMIL MACHINE NA -- -— -- -_ --
7. DUN DUNNAGE INCINERATOR SYSTEM NC 

______ _________ _________ _________ _______

8. UTL UTi LITIES NEG. NL~~. NEG. lilA
9 . EH M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3497.954 286 11655.111 tO.OO 0.9662
o cor~ ~ J J J~~~j g NC 

________ _______ _______ _______ ______

2. PSC f S~ iliLL~1PPORT COMPLEX ________ ________ ________ ________ ______

3. ~~~ j~ ENLj IRLIcJJSPLI SYSTEM 4769.1 210 35993 7.55
4. ETS EXPLOSIVE TREATMENT SYSTEM NA --  -- -- - -  - -

5. 1 PROJECTILE EMIL MACH INE NA -- -_  --  
_______ - -

8. !~P. 
PROJECTILE PULL ANP~~~AIN MACHINE NA -- -- -- - -  - -

9. CBS CE NTRAL _ DECON SYSTEM NA -- -- -- _______

0. PDF I PROJECTILE DISASSEMBLY FACILITY NC 
________ ________ ______ ________

L BIF BULK ITEM FACILITY NA —- -. -- - -  _______

~T f~flt MATERIAL HANDLING EQUIPMENT 59.586 16783 361.134 6,06 — 0.9996

~~ FI L SL FILTER SYSTEM 553.2 1808 3925 ,4 1.10 0.9961
4T MOR IMORTAR DEMIL MACHINE NA -- -- -- -- --
~~ T~FMINE DEMIL MACHINE 2775.954 ~6O 38759.304 13.96 Q..2~ZL
~ ~Jf. I?J~iN G 50.775 • 19695 149 .496 ~.94 0.9998
7 Ej,~J ELECT RICAL ________________________ 

509.916 1961 1031 .496 2.02 Q~.99Z9
~~ MOD F SCAL E MODEL NC 

_________ _________ _________ _______

9. PER PERIMETER MONITORING NC 
__________ __________ _________ ________

0. CTV CLOSED CIRCUIT TELEVISION 114.155 8760 228.310 2.0 0 .9997
1 . cOM ICOMMu UICATIOU S 365 .296 • 2738 1095.88 8 ~.O ______

2. DML I CHEMICAL LABORATORY _________ ________ ________ ________ _______

3. D E T I DETECTORS NC 
________ _______ _______ _______ ______

• 4. TDF~ITECHNICAL DATA_!ACKAGE NC 
________ ________ ________ ________ _______

~~ S F~I1E CONTROL SYSTEM 2787.872 359 5973 744 ~~14 Ci 9941

~6. TN~~~11i~~Ajt1IflL NC 
_________ _________ _________ _________ _______

7. RAM Ipi PAI R & MAIflIENANCE NC ________ ________ ________ ________

8. 5~~~ ~~~~~~~~~~~~~~~ PLANNING NC _________ ________ ________ ________ _______

‘
~9~L QE~~1QPFRATIONAL ENG1NE ERJNG SUPPORT NC _________ _________ _________ _________ _______

4Q... S.LIJIUJJJAL TISLJjJTE DEVELOPMENT NC _________ ________ ________ ________ _______

~L ~X~ I~1.1TEN INIEGRATION NC _________ _____ _____— _________ _______

TOTAL MUNITION PROCESS 18806.3 53.2 126147.0 6.7 ~0.8881

NA - BR NOT APPLICABLE TO THIS MUNITION
tic — BR NOT CONSIDE RE D IN ANALYSIS PER PRIOR AGREEMENT
NEC - NEGLIGIBLE
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITI ON DEMILITARIZ AT ION PROCESS FLOW : 4.2” MORTAR , MUSTARD

MUNITION : Cartridge , Mortar , 4.2” , M2/M2A1 
- 
Agent: HD Exp: Tetryl Prop: M6

NO. AF3V . BU ILDING BLO CK N A MTBF M A IM MTT R
S iT UPi~ 1TNPACK AREA NEG. N/A UFIL N/A

2. FCC EXPLOSIVE _ CONTAINMENT _CUB ICL E_____ 1V74.292 931 12350 .705 11~ 5O Q~9~Th
4. DFS DEACTIVATION FURNACE SYSTEM 2520.1 397 174I7~3 6 .91 Q~91~2~J5. I~1PF METAL PARTS FURNACE — 4380.3 228 38376 8.77
6. RDM ROCKET DEMIL MACHINE - —  - -  - —  — -  - -

7. DUN DOMNAGE_ IN C I NER AT O~~~YSTEM N~~~ ________- ________ ________ - ________ _____

• 
.~~~~ !~U1. JIJJIJJJES 4328.878 231 43193.2e~ 9.98 0.9586
9. [tIM ECcJIX DRAULICS — 4328.878 ~ 31 4.ll~L.2~ 9.9 8 0.9586
0. CO N CON 1801 MODULE NC 

________ ________ ________ ________ _____

2. ~~~ PERSO1I1~EL SUPPORT ~~ PLEX NC 
_________ _________ ________ ________ ______

3. ADS AGENT DESIR~~TIOU SYSTEM 2248.3 445 14483 .4 6.44 0.9857
[IS EXPLOSIVE TREATMENT SYSTEII — - -- _~~~~~~~~~_ - -  

- --
5. PDM PROJEC11IE~DEM1L MACHINE NP. -- -- -- -- - -

8. PP[) PROJECTILE PULL AND DRAIN MACHINE 4342 .638 230 4’
~566.52 10.49 0.9564

9. CDS CENTRAL DECON SYSTEM N --  -- -- - -  - -

0. PDF PROJECTILE DISASSEMBLY FACILITY N~
_ 

_________ _________ _________ ________ -______

• 1. BIF BULK ITEM FACILITY NA - —  — —  - -  — -  - -

2. MHE MATERIAL HANDLING EQUIPMENT — 3303.338 303 33O99.~~J 10 02 0.9680
• 

• . 3. FIL FILTER SYSTEM 887.0 112L_ _ 6291.8 7.09 0.9937
4. MOR MORTAR DEMIL MACHI NE 

— 
922.44 1084 1302L7 1 J._2 _

~ 0.9871

~T MI N MINE DEMIL MACHINE NA_. -- -- -— -- — --
• 6. PIP PIPING 23.908 41827 64,232_ 2.69 0.9999

7 ELF ELECTRICAL ________________________ 509.916 1961 1031.496 2.02 0.9979
• �~ . MOD SCALE MODEL NC 

_________ _________ _________ ________ ______

• 29. PER PERIMETER MONITORING _________ ________ _________ ________

S iO. CTV CLOSED CIRCUIT TELEVISION 114.155 8760 228.510 2.0 0.9997
3 COIl COMMUNICATIONS_____________________ 365.296 2738 1095.898 3.o 0.9989
32. DML CHEMICAL LABORATOR Y NC_ 

_________ ________ _________ _________ ______

33. DEl I)ETECTORS NC 
__________ _________ __________ __________ _______

34. TDP TECHN I CAL DATA PACKAGE NC _ _________ ________ _________ ——  ______

3s~ scs.. ~~~~~~~~~~~~~~~~~ — 2787.872 ~~~ 5971 244 2 ~436. I D  TRAINING N C_ ______ ______ ______ —____ _____

3L ~~i 
REPA1 JtiJf~~~CE NC ________ ________ ________ ________ _____

~~~ SMSL SYSTEM MAtiL~01~1FNT AND PLANNJ~ G NC 
__________ _________ __________ — —  _______

~~ QLS. QEIRATIO~~LS[1i~I~LEER1NL5IJPPORT NC 
_________ ________ _________ _________ ______

4~~ 511 JNll1~LIL5LL5JTE DEVELOP MENT 1i~i i  ________ ________ —______ ________ ______

S 4J_I~ SYS. SYSTE M IliIE. ~RATION NC _________ _________ _________ _________ ______

TOTAL MUNITION PROCESS 32137.3 31.1  275413.6 8.6 0.7834

NA - BR NOT APPLICABLE TO THIS MUNITION
NC - BR NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT
MEG — NEGLIGIBLE
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARI ZATION PROCESS FLOW : 4.2” MORTAR , MUSTARD

PPöCess S

MUNITION : Cartridge , Mortar , 4.2” , M2/M2A 1 Agent: HT Exp: Tetry l Prop : M6 Rd C

BUILDING BLOCK N A MTBF NATM MTTR

1 O~7c T)1~ ACK AREA __________________________ NEC N/A NEG fl/A
2. [CC EXPLOSIVE CO NTAINMENT _CU BICLE 1074 .292 931 .13.SQJ.Q5 11.50 a.9.22.L
4. DFS DEACTIVATIO N IURNACE SYSTEM - 2520.1 397 124j2_ 1 ~~~ LL9SEZ~
5. MPF METAL PARTS FURNACE 4380.3 228 33396 8.77
6. RDM ROCKET [)EMIL MACH IN E NA -- - -- - -

7. DUN DUNNACE INCINERATOR SYSTEM NC 
__________ _________ _________ ______

8. UTL ~JJL I~
______________________ 4328.878 - 231 431~m2cio ~~~~9. EHM £CC HY[)RP.IJL ICS ______________________ 

4328.878 23] 43193.280 S~Lq2 — ______

1.Q~ C~j  CO T ROt IODULE NC 
_______ _______ ____ — _____

S ~~ P~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______ ______ _______ ____— ____

3. ADS AGENT DEST DIJCTI ON SYSTFM ____________ 
2248.3 — 445 14483 4 ~_44_ 

O,9~5J
14. ETS EXPLOSIVE TREATMENT SYSTEM NA - -  — -  -- - -

15. POll PROJECTILE DEMIL MACHI NE NA - -  -- -- - -  -~~~

8. PPD ‘ROJECTILE PULL SP~ID DRAIN MACHINE 4342.658 230 .~k~~L~Z2 1o 4~ n q ~•6419. CDS CENTRAL DECON SYSTEM NA --  -- - -  - - - -

0. PDF PROJECTILE DISASSEMBLY FP.CI L ITY NC ~1. BIF BV LI~ ITEM FACILITY NA - -  - - -_ --
S ~T ‘IHE MATERIAL HANDLING EQUIPMENT 3303.338 303 33099.942 10.02 ~~~~3 FIL FILTER SYSTEM 887 .0 1127 

~~~~~
j

~~~~_ 7.09 O .9937
4

5 
‘ b R  MORTAR DEMIL MACHINE 922.44 1084 f l f l27.7  — 14. 12 ~~2.8Ji

N MI NE DEMIL MACHINE NA -- - -  -- - -  --

6. PIP PIPING 23.908 41827 64.232 ~~69 Q~2.991iT [CE ELECTRICAL 509.916 1961 1031. 496 2.02
, MOE) ~ç~.L~_j~10DEL NC 

- ________ _______— _________ _________ - ______

9. PER PERIMETER _MONITORING NC __________ _________ _________ _________ ______

0. CTV CLOSED CIRCUIT TELEVISION 114 .155 ~~~ 228 310 2.0
1. COil COMMUN I CATIONS ______________ 

‘365.296 213B 1095.888 3.0 fl 9gR9
2. DM1 CHEM ICAL LABORATORY NC _______ _______ _______ _____ _____

3. DEl DETECTORS NC __________ ________ _________ _________ ______

34. TDP TECHNICAL DATA PACKAGE NC 
_______ _________ _________ _________ ______

~~ ~C� 
‘ SfTE COU L~~VS1EM 2787.872 ~ 59 597L 744 21 4  0 9941

6. TUG T R A I N I N G  NC _________ ________ ________ _________ ______

• 
~L 

RAM IN PAI R & MAIIIIE~~!!CE NC _______  ______  ______  ______  ____

~~~~ . SMP ~yS5j _
~iA~/~5EJ t RPJL~~iJJW 

NC — __________ _________ _________ _________ ______

~~ Q~4~I PA l ALJ1I~IIIEUU N G.5-SSUPB9RT NC ________ _______ _______ _______ _____

4O~ $ I NIUAI. TEST F. SITL.ULYILGPMENT NC __________ _________ _________ _________ ______

4.L ~~~~~I~.TIM I IIIE~RAT ION NC - __________ _________ _________ __________ _______

TOTAL MUNITION PROCESS 32137.3 31.1 275413.6 18.6 0.7834

NA - BR NOT APPLICABLE TO THIS MUNITION
NC - RB NOT CONSIDE RED IN ANALYSIS PER PRIOR AGREEMENT
NEG — NEGLIGIBLE
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MUNITION AVAILABILITY PARAMETER SUMMARY
)

MUNITIO N DEMILITARIZ ATION PROCESS FLOW : BULK ITEMS , GB / VX

MUNITION : Bomb , 75O#, MC-1 Agent: GB Exp : None Prop : None Process j~~~~J~ 2J tr .......__

NOi~~~
. BUILDING BLOCK NA MTBF NXTM MTT R

TtU~A ~~CT~7~REA NA - - -  -- - -  - -  ____

5 . FCC E X P L O S I V E  C O N T A I N M E N T  CUB Cj~_SN~ -- - - - - - -

4. DFS DEACTIVATION FIIFNJACE SYSTEM NA - -  - -  - -  
— - -

5. M P F ME T A L PA RTS FURN A CE 4380.3 228 39.~~.._ 8.77 (L91~10
6. RDt ’I ROC KE l IS) [ M I L  MACHINE NA - — - -  - -  - -  —-

DUN DUN NA GE INCINERATOR SYSTEM NC __________ _________  __________ -_______

5 8.j J JTL 
~JJJ~

SUU[3____________________ NEG . N/A NF (~ ?JJ A
S 

S9 !SS.IEHM [CC IIYDNAUL ICS NA - - —  — —  — —  — —  — —

~q~_1cnu CcY:IH OI I LU!-L. NC 
__________ __________ __________ __________ ________

L.JPSc S ft ~t ft1 ~~uPFoR:LCoM~i5f x NC 
_________ _________ _________ _________ _______

_3:I A~~. AGE J i f L i f 1 ~
_
~y5JLF1 

3397.2 294 23765.9 7.00 0.9768
.4JfSJS~~_S L X  O l I V E  TU [AJ~fNT SYSTEM NA --  - -  - -  - -  --
5.1 !‘PM_ PUO SJ I L T I  LE 1i~M !L P A C H I f l E  NA —— —— — — — - —— —

8 .Th’PD PROJ[C IIIS [ PULL AN t ) DRAIN MACHINE NA -- - -  - -  - - - -

9.j LIh CE JPAL DECON SYSU M_______________ 256.7 3896 1169.2 4.55 - 0.9988
O.IPDF_ PROJECTILE DI SASSLMEN~j~C I L I T Y  NC ____ _______ _______ _______ ______

Li~JL ~~~~~~~~~~~~~~~~ __________ _____ 2160 1979 P. S~ ~~ fl O.QQ6O
2.1MrE E MATERIAL HANDLING FOUIPMENT NA - —  - -  -_ - -  - -

~T 1flL F I L T E R  SY S T EM 553.1 1 808 3925.0 7.10 0.9961
4T 1MUR r~O R TA R Ii [l-1IL MACHTh~I~~~~~~~~~~~~ 

— —  — -  - —  - -  - -

g7T~i i r i  M INE DEl-IlL MAC h INE NA - —  - -  - -  - —  - -

6. IP fifJ~~ ___________________________ ~~.891 37I8L 87.644 ~.26 ~ gqgg• 
~.I ci ~Ll l .EcJI~Jc~L 509.916 1961 1031.496 ~.O2 0.9979

2~ 1MUN SCALE MODEL NC - ________ _______ _______ _______ ______

~~JPER PERIM ETER MONITORING N C 
__________ _________

QJCTV CLOS [[) CIRCUIT TELEVISION 114 .155 8760 228.310 2.0 0.9997
3 1 JC08 C( -1~~ IIC ATION S _________________ 365.296 2738 1095.888 3. 0 — QS~~9.9.8~L

3?J DML CUE- lE GAL LABORATORY NC 
_________ _________ ________ - ______ — _______

33. [~ T DE TECTORS __________ NC 
__________ ________ _________ ________

34JTD P TECHNICAL DATA PACKAGE NC 
________ _______ _______ ________ ______

3 JSCS SS •SIT L C0~!IROL_SY$TJ E tI_ NA -- -- - - - -  — 
- -

3 6 . j I 1 - T E A I N I N G  — —  
NC 

________ ________ _______— ________- _______

• 37TJ RAM DIPA IR & MAINTENA NCE NC _________ ________ _________ _________ _______

~~~JM1P 153f I~~~r~ P1Atitun~ 
NC _________ ________ _______— ________- _______

3L.IOL~ 0I~I RAT I OU~L EU 61 tILIIDI Uc Pf RT NC __________ _________ __________ __________ ________

4~ iSiL JtillJi\LJi$i _LSJi[J1LYELOPMENT NC ________ _______ ________ ________ ______

&L .LSI5 .SYSTEM INTEGRATION NC ________ ________ ________ ________ _______

TOTAL MUNITION PROCESS 10066 .5 99.3 73679.2 7.3 0.9315

NA - BR NOT APPLICABLE TO TI l lS MUN I TION
• NC - RB NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT

NEG - N E G L I G I B L E
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITAR IZATION PRO CESS FLOW : BULK ITEMS , GB/VX

MUNITION : Bomb , MK94 Agent: GB Exp: None Prop : None Process Rate : 1.2/hr 
____ —

NO. ABV. BUILDING BLO CK N A MTBF NA Th MTT R 1~~~
j
~~~

T U ~Th’VCK AR[A 
_ _ _ _ _ _ _  

-- 
_ _ _ _  

--  - -  - -

~~ ~tcflXP LOS IVE CO NTAINMENT C U B I C L E  NA --  - -  - -  -- - -

S 4. DEs rDEACT I VATION FURNACE SYSTEM NA -- - -  -- --
• I4I ’F MET 1S F URUA CE S ______________ 4380.3 228 38396 877 _______

6. 8DM ROCKET [JEMIL MACH INE NA — —  - —  - - - -  - -

7. DUN DUNNAGE INCINERATOR SYSTEM NC 
__________ __________ __________ __________ -________

8. ISJ T I  UTILITIES ____________________ NEG. N/A NEG N/A ______

9. IHM - [CC HYDRAULJCS NA -- -- -- - -  —- --
p. tori corui j~~c NC 

_______ _______ _______ _______ ______

12. flPSPI PORL.CQ~PLEX ______ ______ ______ ______ _____

3. ADS AGENT p~~JRUC TI O N_ SYS TJM___________ 
3397 .2 294 23 7 65.9 7.00 ~~ J~1L..SS

4. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
NA -- -- - -  - - -  

—

5. PDMJ PP.OJECT ILE DEII I L_ M A C H I N E  N~~ --  - -  -- - - - -

8. PPD T PR OJEC TI LE. PUL L AND ~~~~~~~~~~~~~~ -- 
S 

- - - - - -
9. CDS CENTPAL E)ECOI-l SYSTEM 256.1 3896 1169.2 4.55 10.9988
0. PDF PROJ [C1ILE DISASSEMBLY FACIL ITY NC 

________ ________ ________ ________ _______

1 DIE BULK ITEM FACILITY 560.4 1 784.4 5028.7 8.97 o.’~ co

~T MW MATERIAL HANDLING EQUIPMENT T~A --  - -  - -  - -  
— —

~T FIL FILTER _SYSTEM 553.1 1 803 3925.0 7.10 o 9961
4

5 

~~~ IIO RTAR _D E MIL MACHINE NA -- -- - -  - -  
_____

5 M I N  MINE DE M IL MACHINE J~A -- - -  -- -- - -

6. PIP PIPING 26.891 37187 87.644 8.26 0.9999
7 ELF ELECTRICAL 509.916 1961 1031.496 2.02 • 0.9979

~~~MOD SCA LE MODEL NC _ _ _ _  _ _ _ _  ____ -___ ___

~9. PER PERIMET ER MONITORING NC 
__________ _________ _________ _________ ________

0. CIV CLOSED CIRCUIT TELEVISION 114.155 
• 
8760 228.310 2.0 Q.9997

1. COM COIlr-IUN I CATIONS 365.296 - ________ 
1095.388 3.0 p,99~72. DML CHEMICAL LABORATORY NC -

33. DET DETECTORS NC - 
________ ________ ________ ________

34. TDP TECHNICAL DATA PACKAGE NC 
_________ ________ ________ S _____ — ________

~~ c~s SITLC0!LIBQt31~TEM NA -- - -  - -  -

36. TNG T PAI N 1I I G NC ________ ________ ______ ________ —_____

• . 37. RAM R C P A I R & M ~I~LTItJ~~~~ NL _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

8. SlIP SY~ T[M MANAf,ES MLN 
) AN NJ NG__Nt.. . _________ ________ ________ _________ ________

32~ ~~~~~. II(lllL~L 1r~GJ ffLRJt&$1~~PS QRT NC _______ ______ ______ _______ ______

4O.~ ~LL JLIJ TJA L TEST & SITLDCVELOPNENT NC ________ ________ ________- ________ ________

L ~~ SYS T EM I!jJiL~BATI0U NC ________ ________ ________ ________ _______-

TOTAL MUNITION PROCESS 10164.0 98 .4 74728 .1 7.4 0.9301

NA - BB NOT APPLICABLE TO THIS MUNITION
NC - BR NOT CONSIDE RE D IN ANALYSIS PER P R IOR AGREEMENT

HEG — NEGL IGIBLE

-i

—— -— •~~~~~~~~~ — - - - - 5 ~~~~~~~~~~~ .———— -- - - 5 5 -  5— - 55 - -—— - 5 - -_________ --—--- 5- — 5— p

S S _~~~

_

i r~~~
S •

~~
’ . .~~• .  

. , .  ~~~~~~~~~~~~~~~ - —



LS B.~ST ~Uk’ ~~~~~~ jy~~C.T1 ~~~~~-.

?W)M OCP~ F1.~~~~MS)Li~~
I S  1 -

MUNITION AVAILABILITY PARAMETE R SUMMARY
t~~)

MUNITION DC III L I TAR IZ ATIO N PROCESS FLOW : BUL K ITE MS , GB/VX 
-

MUNITION : Ton Container Agent: GB Exp : None ProD : None Process Ra te : .25 hr

NO. ABV. BUILDING BLOCK NA MTBF MA Th MTT R

Tft~ ]J~~P~~CvS ARr7~ . NA -- - - - -~~~~~~~~~

• ~T iil:-5 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -- -- - -  

~~~~~~~~~~ -

rj i~~ DFPG1 I VAT ION F U R NACE SY ST NA -- - - - _____ -

~T ~1ijF ~l~1/U PARTS FEJ RNAC[
_______________ 4380.3 228 ~~~~ ~~77_. . 9L~3C~

~ i~i - ~~~~~~~~~~~~~~~~~~~~~~ NA - -  --
L. Dun DISINI\G[ INCI N ERATOR SYSTEM NC ________ ________ ________ ______

~h !LT L~ JJJ J- J IIf~~ _____________________ NEG. N/ A  M E G .  .1~J.A _
~
_

S 9... [NM icc_ iR/~ kkc.S_____________________ -~~ 
- 

-- - -  _____

Q~. 
cçutj_ ~~~~~~~~~~~~~ NC _________ _________ _________ _______— _______

?~ SP~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ NC . - —_____ _________ ________ _______

3 . LWS ~~~~~~~~~~~~~~~~~~~~~~~ 3197.2 - 
________ 5~ l76c 9 J~~Q4T~ FTS EXPLO SIVE T R E A T M E N T  SYSTSLI± NA -- -- -- --

5.]~ pM JtPPJ~cJj 1fJ)f~-U IicijJ~L... NA -- -- .—.-—-~
.
- —  --

~~~~~~~~~~ PRO FC11~ f~ 
j ~j )~~j~j 1ACHlt4E N - - -~ -- - -

~ icp~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 256.7 3396 _fl69 2 4 ~~~ fl QgR5~

0.] PI)r O T S I B L Y  FACILITY N- ________ ________ ________ -_____S 
f.IWI F FUI E N ITEM FAC Il ITY 486.6 2055 _4562 8 9~~l~S 

2 JMIIE MAT E R IAL HANDLING EQUI PMEUJ~~~~~’b~~~ -- - -- -- - -
3.IFIL 111118 SYS1EI-i 

________________ 553.1 1808 _392f ~.0 .LJfl. J0 .9961
4. NOR M OR t AR D E MIL MACHINE NA --. - -  -- - -  - -

5. MIN M I N E  DE M IL MACHINE -- -- -- --
6. 
~IP !~2!~~ ____________________ 26. 891 37187 ~~ 4j/ •  ~J-L ffl ~~I~ JSc~ L________________________ 509.916 1961 J03L496 l~02 0.9919

8T MOD SCALE MODEL NC 
__________ _________ _________ _______

9. PER P E R I M E T E R  MONITORING NC 
__________ _________ _________ _________ _______

0. CTV cLO SED CIRCUIT TELEVISION 114.155 8760 228.310 2.0 0.9997
1 . co LcoMMuNI c~TIoN s 365.296 - 

2738 1095.888 3.0
-~~~~ ~~~~~~~~~~~~~~~~~~~~~~ NC _________ ________ ________ _________ _______

• 33. DfJ I ICT( NC _________ ________ ________ ________ _____

34. TDPJ TECH N ICAL DATA PACKAGE NC _________ _________ _________ _________ _______

• 3~
_, $cS_LSITI _CQfl1RO~jY~JEM -- -- - -  - -  --

36. 1!I~ j JRA!NING NC _________ _________ _________ _________ _______

37. 8AM IR TE NC _________ ________ _________ _________ _______

~~ ~ P_1~Y5I~ M MAN A~EMENT ANjLfLAN~JNG NC _________ _________ _________ _________ _______
S 

39~ QL~ L~f’E !~ J10t~M~ tIt IIIE[BIIIL$iJPPORT 1w. __________ _________ __________ __________ ——
4.Q.~ ~1L !SJ. U JJJPLJfS$L ~L~i TE D EVELOPMENT NC 5. _________ _________ _________ _________ _______

4L. ~~1 I L ~tJJIILGr~1~T I ON NC~ -

TOTAL MUNITION PROCESS 1 0090.2 99.1 74262.2 7.4 0.9305
S 

NA - BU NOT APPLICABLE TO THIS MUNITION
NC - BR NOT CONSIDE RED IN ANALYSIS PER PRIOR AGREEMENT
MEG - NEGL IGIBLE
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MUNITION AV AILABILITY PARAMETER SUMMARY

MUN ITION DEMILITARIZ AT ION PROCESS FLOW: BULK ITEMS , GB/VX

MUNITION : Tank , Spray , TMU-28/B Agent: VX Exp: None Prop: None Process Ra te : .2/hr

NO .IABV. BUILDING BLOCK - N A  1ITBF NATh MTIR

1. ~~~ U~i~~~ThRFA - 
NA - - - - — -- _ _ _ _ _  _ _ _ _ _

2. [CC EXPLOSIV E CO NTAINMENT CUBICLE NA - -  - —  _. .  --  --
4. DES D EA CTIVA [IO~j~~~A~E SYSTEM NA --  --  - -  --  S _____

5 PP F F t  TA L PARTS FU R N A CE — 4380 3 228 38396 R 77 — 0 91 30
6. 8DM i~ocr[T DE~IiL~~c!fI~ E NA 

— 
- -  - -  - -  - - - -

7. OliN E)LINNA GE INCINERATOR SYSTEM NE 
_________ __________ _________

i~: 111E1 ~~~~~ ~~ T N /A NEG. - N/A _~ 
1_~SO

9. [NM ECC HY DFtAI JL ICS NA - -  -- - -  --  - -

0. CON C O N T R O l S MODULE NC 
________ ________ ________ _______ ________

2. [‘SC ~~~~~~~~~~~~~~~~~~~~~ 
NC 

________ ________ ________ _______ -

1 A DS f t J _Pf~ ThIcII~~LSY ST EM — 4769.1 210 35993 — 2 5 ~~~~~~Q 96S~4. [15 EXP ISO S I V L TREATMENT SYSTEM NA — —  - -  - -  - -  — -
5. PUN P R O J E C T I L E EMIL MACHINE NA —— —- -- -- --
8. PPI) F~JJJJiS~_LI.~~ JP DRAIN MACHINrN~ -- -- -- _____ --
9. CDS C 1W SYSTEM_______________ 256.7 3896 1169.2 4.55 p.9~~8 -Q PEtE P ROJE C1 I L [ D ISASS [ hiE3 LY FACILITY ~~Nt 

_______ _______ _______ ____— —- -

1 . 1311 BUL K ITEM SAC ILITY - 587.4 1 702 5644 .2 9.61 - ~~~~~ 1
5 

2. 1~~E MATERIAL HAN DL ING E QU IPM EN T NA 
— 

-- -- -- -- 
________

3. F I L  F I L T E R S Y S T E M  ___________________ 
553.1 1808 j 3925.0 7.10 0.9961

4 1108 MORTAR IJEMIL MACHINE NA — —  - —  J — —  — -  - -

~~ MIII MINE DEM1L MACHINE NA -- - -  -- - -  - -

6 ~~ P i P i N G  
— 

26.891 ~~~~~~ 87.644 - 116 — p gggg

‘. [LE ELECTRICAL 509.916 1961 1031.496 2.02 0.9979
8. MOE) SCALE t.~ODE L N~~~ ________ ________ ________ ________ ________

9. PER PERIMETER MONITORING NC 
_________ _____ _________ _________ _________

0. CIV CLOSED CIRCUIT TELEVISION 114.155 8760 228.310 2.0 10.9997
1. COIl COt-1MUNICAT IONS___________________ 365.296 2738 1095.888 3.0 [0.9989
2 . DML CHEMICAL LABORATORY NC 

_________ _________ _________ _______ _________

~I bL~T ~~ ThRs NC —- _______

34. TOP TECHN ICAL DATA PACKAGE NC . 
_________ _________ ________-

3~, •S~S SITE CO TJ~PSL~Y~.II ft NA -- - -  - -  --

36. 1NG TRA I N I N G  NC 
__________ _________ __________ __________

37 UN 1PMP&MAJ N1LN~~~~
C1 NC — 

—_____

38._ ‘-~Mi’ SY~ TI M_ rA Plt ~~[~j  I_ N1PJI’1.S~M4ING NC 
_________ _________ _________ _________ _______

3~~ P[S 5S .O i ~RAII~ii!\l__ENGINELRJ1I~
_ SUPPORL....jjc ________ - _________ _________ _________ 

S

4Q~ ~ S JJ JUJTJLL_TSE.~LISITE DEVELOPMENT j~ç ________ ________ ________- _______-

~~~ 

________

4k $~~5S. SYSTEM IN TEGRA TIO IL NC _________ _________ _________ — _______ —

TOTAL MUNITION PROCESS 11562 .9 86.5 87570.7 17.6 0.919 2

NA - RB HOT APPLICABLE TO THIS MUNITION
S 

NC - RB NOT CONSIDERED IN ANALY SIS PER PRIOR AGREEMENT
NE C - N E G L I G I B L E

,1
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MUNITION AVAIL ABILITY PARAMETER SUMMARY

MUNITION DEMILITARIZATION PROCESS FLOW : BUL K ITEM S, GB/VX

MUNITION : Ton Container Agent: VX Exp: None Prop: None Process Rate : .25/ hr.

NO. ABV. BUILDING BLOCK N A MTBF NATM MTTR

T U P A UVAUT /\ R~A NA 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ___

2 [CC [XP I O~ IVI CON T A IW1EN T CUB~~~E ~~J1~ _______ _______ _____ _______

.~~~~ 
!)f~ 

DEPcT J vATI o~ jj lR~~çL S Y M  ________ ________ _____

5~ ___________ 
4380 .3 228 38396 . aiz_•~_.. ~~~

6. I M _LROCYFT DEMI L MACII1N __ __Jj~l -________ ______ —________ _____- —

—~~~ ~~~~~~~~~~~~~~~~~~~~~~~ S 1 I’L __ NC ______ —________ — —

S -~~~~ P UIJ1J1JD~~~
______ 

_ _  ___- .S~~LL_ iE~L~~~~~ WA~~~~ ~~~~~9. I tIM FCC HYDRAUL I CS ________________________ NA ____________ _____________

~PiL cQtJJ~P LM ~ll~LtLL _____________ _____ _____

S 2 L ~Sf_ PF~~~~fL~S1JPfQiL~~MPi~fX3. Ap~_ A G [N T J J~~ TRU cT !O~~~I~I~~L _______ 4769.1 710 
~~993 1.55 ~iI~I~~~i4. ITS EXP L OS IVE TREATM ENT SYSTEM NA 

________ ________

~~~ ILL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_______ _________ _____ -

8. PPD O C T  \ND DRAIN MACHI~~jjA _________ - - 5 -

~ EP~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______  
~~~~~~ —

0. POE PR O JE CI ILE DISASSL MR L Y F A C I L I T Y  NC 
- -—

~~~ _____________ 

4~ b. 5  2055 4562 .8 9~~~ ______

2. -IHE MATERIAL HANDLING EQUIPMENT 
- —

) 
3 FIL F I I 1FR S (STEM 

_________________ 

5~~ 1 T808 3925 0 j .JQ _ 0 996 1

4. MOP MORT A R OF MI  L MA CH IN E ___________ __________ __________ ___________

~ M I N  M IN E D E M I L  MAC H I N E  1Th 
________ ________ ________ ________ _______

6. P I P  P I P I N G  ___________________________ Z b .ö~ U J1187 87.644 3.26 
______

~T hi [LECTRICAL ________________________ 5O9.~~Ib ig~~i 1031.496 2.02 
_____

~~W ~~Ti 5-i4~th~I. N C 
________ 

. 
— —_____

29. PE P. PER IMETER MONITORING NC 
— _______

.~~~~ 
cIy çLosEp_SCIRCUIT TELEVISION T T T ~ ~IbU 228.310 ~~~ 0.9997

L COI l COn- ~:-i UUiç ~T IONS 365 .29~_ - 
~~ fJU 1095 . 888 3.0 O.9989

2. DM1 CU [ MICAL LABORATORY S

33. OFT f~ I I  CT OR S ______ NC 
__________ _________ __________ __________

34JTD P~ T IT CH N1 C~L DATA PACKAGE 
________ ________ ________ ________ _______

3sJ~CS_1 SIlL CoI IROL~~Y~j flt_______________ ________ ________ _____— ________

36. ITNO I TRAINuNG NE. 
_______ ____________ ____________

37 RAM I p Lf~_Ii~_ & I AIU TENAUC F ~NC 
_________ _________ — — _________

3M . SMP ~~~IF~1J-1~~~~ftIf1LIJ~JP . Pj~~~iJ NG NC 
_________ _________ ________ _________ _______

39. Ut.S P BM1O~AL~f~I [Ri USPPQPT ~~~ ________ ________ _______ ________ ____

~J T INLLI~~J~~LkS~SJIUS)LVELOPMEDT NC 
________ ________ ________ ________ _______

~~~~~~ Z~~~~ Jii] I~B~JiON NC 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

S TOTAL MUNITION PROCESS 11462.1 87.2 86489.3 17. 5 0.9208

N A - RB NOT APPLICABLE TO THIS MUNITION

NC - BB NOT CON SIDERE D IN ANALYSIS PER P R IOR AGREEMENT

N EC - N E G L I G I B L E

( 
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MUNITION AVAILABILITY PARAMETER SUMMARY

MUNITION DEMILITARIZ AT ION PROCESS FLOW : TON CONTAINER , MUSTARD

M U N I T I O N : Ton Container Agent: lID Exp : None Prop : None Process Rate: .25/hr.

NO. AI3V. BUILDING BLOCK NA MTBF NATh MTTR

T UPA UiWA~~~~Rfl 
Nh 

-—_____ ____

~~ LCL [XPLO SI VF (S N TA INM EN1 CUB1~LSE 
NA 

________ _______S _______ _______ ______

4 . DES hEAd I V A L  I I N  f URNACE SYSTEM NA 
________ _________ _________ ______

5. FlUE MrTAL L’TJ~l S FURNACE 
_______________ 

4380.3 228 38396 8.77 ~~~~6. ROil ROCE E S T D EfT L I~AC IL TUE 
_____________ _______________ ______________ ______________ ____________ ____________

7 DuN DU ’UA 1i I~ U 1~~~MOk_Sj2iI. _ ~~ _________ ________ ________ -______

8. U TL U IILTI JES ____________________ 
NEC NA NEG

_____ 
NA ~~1.O

9. [HM [CC IIYDRAtJLICS _______ _______ _______ ________ ______

~~~ • ~~~~~~~~~~~~~~~~~ 
1IL 

_______ _______ _______ _______ _____

5L P~~~~FfJ PI11 fPPSRL~D1iP1.1X 
NC 

_______ _______ _______ _______ -

3~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~JZ248.3 445 
— 

14483 .4 ~.44 - Q.9857 _
4. ETS jE x P LO Si V F TRr ATM~NT SYST Ef4 N1j 

________ ________ ________ ________ _______

5. PDN~4PR0J ECT II S E DEl-IlL MACHINE _________ ________ _________ _________ _____

8. PP D~~PROJ ECT 1IS1 PULL AND I)RAI~~~~~~~~E~~~ _________ ________ ________- 

S_________ _____

9. CBS CENTRAL BECOS SYSTEM NP4 
__________ _________ __________ __________

0. PEt E ~ PROJL CI 1 1.1 DISASSEMBLY FACILITY Nq 
________ ________ _________ _________

1 . DIE [BULK ITLM FACILITY 
___________ ________ ________ ________ ________

2. F•1iIEJjlAT[R~~AL HANDLING EQUIPM ENT N 
________ ________ ________ ________ _______

3. FILpTLT[R SYSIEM ___________________ 
45~ .i 

- tlii 3251.9 7.10 o.996T
4. MOP MORTA R Dli. IL MACHINE N- 

—_____

~T MIN MINE LiEMI L__MACHINE N 

-

________ ___________ ___________ __________

~~ PIP  P I P I N G  _________________________ p .577 104412 27.121 2.83
7 liE E L E C T R I C A L  _____________________ 

509.916 1961 1031 .496 2.02 
_______

~~5 ~~A~ ThOI~LL -

9. PER P E R I M E T E R  MO N ITORING N _________ —________ _________ _________ _____ —

30. CIV CLOSED CIRCUIT TELEVISION T14. 155 8760 228 .310 2.0 0.9997
1 . COM COMMUN ICAT I O N S  ___________________ ~65.296 2738 1095.888 3.0 0.9989

32.  DIlL CIIEIII CA L LADORATORY 1 — ________

33. DEl DETECTORS _________ ________ ________ ________ ______

~~TT~~ TECHNICAL DATA P~~~~~~~~~~~~~~~~~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _

35 1scS J~~~orffJ~Q L Y ~Jf~l_____________ ________ _______ _______ _______ _____

6 JTNG TRAINI NG 1 
_________ _________ _________ _________

37 -~1~ ~~JL~~ t J ~ TENA I~ci 
1 

________ ________ ________ ________

[
~4J.~1fi~. ~~~~~~~~~~~~~~~~~~~~~~ 

I 
________ ________ ________ ________ _______

39JQ~ 5- .Qi~Ji JJDtLt~L.kti1;J tLt~LP1N~~~UPPDRT 1 
_________ _________ _________ _________ ________

4iJ~i~~JL j ALIJ!\LJ[~L L~1JLI)LVLLOPMENT I 
_________ ________ ________ ________ ________

4k [~i~ ~~~ILM I ;~ TL~BAIIDN _ _ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

TOTAL MUNITION PROCESS 8086 .8 123.7 58524.1 1 7.2 0.9450

NA - SB NOT A PPLICABLE TO THIS MUNITION

NC - BR NOT CONSIDERED IN ANALYSIS PER PRIOR AGREEMENT
MEG — N E G L I G I B L E

S 5-111
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6.0 PHASE III IDENTIFICATION OF PROBLEM AREAS ANO •
S 

- RECOMMENDED CORRECTIVE ACTIONS

6.1 OBJECTIVES 
S

The objectives of this study phase are :

• To identify potential mainta i nability and reliability problem
areas

S 
S To assess their significance wi th respect to CAMDS schedules

and production rates
- 

• To recommend corrective actions.

In compliance with these objectives the resul ts of Phases I and II were

reviewed to isolate and discuss mai n tainabi li ty .~and reliability problem

areas. While most problems identifi ed have schedule and production rates
impacts , a few problem areas iso lated were operational in nature with no

direct schedule or production rate impl ica t ions . These problem areas are
non-the-less included in the fol l owing discussions.

) 6.2 PROBLEM AREAS AND RECOMMENDATIONS

6.2.1 Problem - 

S

The date scheduled for initi al “hot ” operations is currently less than

seven months away . A review of the presen t state of systems readiness versus

the actions necessary to accomplish system turn-on indicates an extremely
tight schedule.

Sig n ificance: The schedule tightness will probably preclude extensive

“hands-on ” training of maintenance personnel and complete validation of

corrective maintenance procedures . Considerable “downtimes ” are projected due

to unfamiliarity of repair crews with the equipment and repair procedures;

system s initial availability may be degraded to unacceptable levels until
“bugs ” in the procedures can be eliminated and repair crew proficien cy

S attained .

Recornended Action: An alyze the M55 Rocket line building blocks
- ) with special emphasis on isolatin g critical high failure rate i tems In

)  hot (Leve l A) areas. At min lrnum,”hands -on ” corrective maintenance training

-
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of these items should be accomplished . In addition , to the extent

practical , val idation of corrective maintenance procedures in hot areas

shoul d be accom pli shed pr ior to hot opera ti ons.

6.2.2 Problem

Target production rates can not be achieved for most munition types.
In mos t cases , availabilities of the demil equipment are too low to meet
target rates and improvement in equipment reliability and reduction of main-
tenance downtime are necessary. In Dther cases .(lD5 jmn c.artridges)., the
basic design through-put capability of critical demil machines is grossly
incompatible (i.e., too low) with the stated target production rates.

Significance: Equipment availabilities must be upgraded considerably
if production targets are to be achieved . In the case of the 105 imi

S cartridges , production targets cannot be achieved with the present
equi.pjnent.

Recomended Actions: Because of the relative complex ity of the CAMDrS~
demil machines and the advance stage of equipment design and procurement ,
upgrading of reliability and availability through equipment redesign options
is very l imited and very costly. As such , it i s recomended that the CAMDS
target production rates be reevaluated in light of the projected production
rates for revision downwards if such is compatible with the overall objectives
of the U. S. Army Chemical Munitions Disposal Program. If downward reduction
of production target rates is unacceptab le , reevaluation of the des ign
approaches adopted should be made to identify production l imiting processes!
equipment and the equipment redesigned accordingly. Consideration should
also be given to parallel demi l lines of the same munition to meet production
target rates .

6.2.3 Problem

Predicted avai labi l i ty of mun iti on lines , predicated on maintenance
factors assumed (somewhat arbitrarily) in the analysis , are lower than
necessary to achieve production goals.

-

~~ 

L)
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I

Significance : For lack of better data , ma intenance fac tors were
assumed to account for decreased maintenance personnel efficiencies

steming from protective clothing (which impedes mobility and reduces
dexterity ) and poor equipment maintenance access. These factors ranged
from 1.5 to 4.0 and were somewhat arbitary in origin. Since the predicted
ava i la bi liti es are sens iti ve to these fac tors , use of invalid ma intenance
factors could produce very misleading maintenance parameters.

Recommended ac tion: Perform tes ts , preferably using actual main-
tenance ac tions on the CAMDS equipment, w ith personnel per form i ng in and out
of su it s (Level A ) to evalua te and quantify these ma i ntenance fac tors . As
necessar y, revise the maintainability analysis.

6.2.4 Problem S

High failure rate items, typified by actuation cylinders , electro-
mechanical valves , gear motors , and process sensors , are appl i ed in many
areas and used in a highly cyclical manner.

Significance: These items - have great impact on system failure rates
and therefore system reliability and availability .

Recommended ac ti on: Where prac tical , eliminate high failure rate items.
Obtain failure rate data on specific equipment used . Standardize on the best
des igns based on use/test data .

6.2.5 Problem

Demil machine operations are designed as “bang-bang ” type , with very
l ittle use of damper/shock absorbers.

~~gnificance: This type of repetitive shock operations is inherently
not conducive to maintenance of close tolerances between interfacing machine
elements or close alignmen t of critical components . Alignment of position
sensors , for example, can shift to ma l functioning positions which could stop
production and/or damage equipment.

U
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I

Recommended ac ti on: Dur ing equipment accep tance or shake down tests ,
inspec t and monitor equip ment ali gntBent and posi tions for early detection
and identificatio n of shock sensitive alignments . Modif y des i gn as
necessary to preclude shifting of machine elements or equipment under
repetitive shock.

6.2.6 Problem

Indiscriminant “manual ” operation of demil machines.

Significance: Manual opera tion of demil machines through control
panels which bypass (override ) the computer system can cause damage to
equipment if wrong sequence or timing is used .

S Recommended action: Restrict use of override control panels to pre-
determined , documented and app roved p rocedures. Al so limi t personnel
au thorized to use override control panels.

6.2.7 Problem

Incomplete or obsolete engineering documentation of CAMDS equipment.

‘ Significance: Sub stantial changes to the equipment are projected as a
result of shake-down/acceptance testing . Without a comprehensive configura-
tion control program , not all changes will be adequately documented . This
could resul t in considerable difficulties in the isolation , diagnosis and
correc tion of faults . In addition , adequa te spares provisioning may be
ser iously impa i red .

Recommended action: Implement and enforce a strict configuration
control program . Update all engineering data as soon as possible and
ma intain current through provisions of the configuration control program .

6.2.8 Prob lem

RDM saw blade replacement is required roughly once per shift , and
requires munition line shutdown and maintenance personnel in Level A suits .

i .) 

_ _  _ _  _ _  _ _  
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I

Significance: Saw blade replacement can take a l ong time wearing
Level A su its. Th i s blade replacement time must be mi nim i zed to i ncrease
system availability .

Recommended ac tion: Conduc t b lade rep lacemen t tes ts to develo p
procedures which minimizes the time required . Concurrently develop tooling
to facilitate the operation .

6.2.9 Problem

Extreme low temperature operation . 
- 

S

Significance: Operability of the equipment may be reduced by low
temperatures effects on exposed (weather) piping. While steam and electric
tracings are employed on most exposed piping , SSthe adequacy of the tracing
capacity under extreme low ambient conditions and the operability of
untraced lines is in doubt. 

-

Recommended ac ti on: Review the des ign - of all exposed piping (including
tracing and insulation) for design adequacy . For lines not currently traced
(e.g., pneumatic and hydraulic lines )-, determine low temperature~operabi 1ity.
Either mod i fy piping design to permit year round operation or establish low

temperature limit for operation of the facility .

6.2.10 Problem

Handling procedures for fault analysis of failed items not established .

S Significance: A systematic fault analysis and reporting procedures is
necessary for effective isolation and elimination of desi gn or equipment
deficiencies. If these procedures are not available prior to initial opera-
tions of the facility , efficient isolation of design or equi pment deficiencies
may not be realized .

Recommended action: Establish procedures for handling and fault
anal ysis of all failed i tems removed from the equipment. Establish special
procedures for handling and evaluation of contaminated failed i tems.

(
~\
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I

-~~~ 6.2.11 Prob lem
-
. 

Computer maintenance.

Significance: Computer corrective maintenance requires personnel wi th

highly specialized training. These personnel are normally l ocated in
Sal t Lake City which is too far removed from the CAMDS site for rapid

responses necessary to support production targets.

Recommended ac ti on: Tra in suffic ient personnel in the di agnos i s and
repair of the computer system to the replaceable module level .

6 .2. 12 Pro b lem

Spare prov isioning . 
-

Significance: On-hand availability of spare parts is mandatory to

minimize system down time .

Recomended action: Develop a spare parts inventory which wi l l assure
availability of the necessary repair parts to support the CAMDS systems. A
record should be maintained of the use rate of critical items to generate ~ 

S

appropriate rep lacemen t levels or sc hedules . 
-

6.2.13 Problem

Potential toxicity of ETS particulate and charcoa l fi l ters.

Significance: Manual operations are employed for servicing of these
filters. Al though the sludge processed may be benign , no known attempt or
provision is made to establish its non-toxicity prior to fi l ter servicing.
0ff - normal opera tion or unusual events in the ECC coul d produce tox ic sludge
wh ich may expose maintenance personnel and the ETS equipment (e.g.,
Vac—U-Max spent charcoal handling unit) to contamination.

Recommended action: Certification of the non-toxicity of the sludge
generated in the ECC prior to processing by the ETS should be considered , or
manda ting all maintenance of the ETS be accomplished with Level A suits.

S 
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6.2.14 Pro b lem

Upgrading building block and munition demilitarization line
availabilities via design changes.

Significance: Study results indicate upgrading of availabilities will
require considerable engineering analysis. For example , sheer redundancy does
not appear to be a cost effective approach to increasing munition demil line
availabilities ; complete redundancy of the MPF , DFS and ADS increases the
availability of the 105 mm , M36O cartridge with burster demilitarization
line by only 1 1/2%.

Recommended Action: The munition line/building block designs should be
evalua ted to isola te s i ngle components or grou p of componen ts , which by itsel f
or together possess failure rates that represent a high percentage of the total
munition line / building block failure rate. As available , test and operational
experience should be employed to facilitate isolation of these failure prone
i tems. Consideration should then be given to elimina tion of these i tems via
redesign or substitution with more reliable hardware , or the incorporation of
selected component redundancy as backup for these high failure rate i tems or

- groups thereof.

6.2.15 Problem

Identification of acceptance or shakedown test criteria for building
blocks and munition demilitari zation lines.

Significance: Without clearly identified operating requirements and
performance standards , structuring and conduction of comprehensive acceptance
and/or shakedown tests is impossible.

Recommended action: Prior to acceptance testing , a set of approve d
operating requirements and performance standards should be Identified fcr
al l murition lines and their constituent building blocks. All test procedures
should then be structured in accordance with approved test criteria based on

S those operating and performance requirements.

U-
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6.2.16 Problem

Absence of stalled motor detectors. 

-,

Significance: Stalled motors (e.g., RDM saws ) , if undetected , result in

i ncomplete operations which could produce hazardous conditions or equ ipment

damage.

Recommended action: Incorporate stalled motor detectors. 
S

6.2.17 Problem

Inadequate operator space around computer in the control center (CON).

Signifi cance: The work ing area in the control center around the
computer and manual (computer override) control panels is extremely limited .

Dur ing faul t i sola ti on epi sodes , the control center could be occu pi ed by too
many personnel (two operators , a shift supervisor , ma intenance spec ial i sts
and observers) for the space available , making efficient and effective

operations difficult.

Recommended ac tion: Remove the wall behi nd the opera tor ’ s station trl.

increase work area around the computer . -

6.2.18 Problem

Lack of parts standardization. For example , in excess of 86 different
hydrau li c cylinders supplied by no les s than 14 different manufacturers
are spec i f ied. Many of the cylinders are s i mi lar w ith minor dif ferences
such as ½ inch stroke di fference and cushioned vs. non-cushioned ends.

Significance: The diversity of spare parts stemming from non-standard-
ization of parts results in a si gn ificant burden on maintenan ce resources .
In add ition , the large number of manufactu rers complicates logistics ,
precl udes spare parts standardization , and increases the need to familiarize
the ma i ntenance staff w ith the di fferent manufacturer ’s equipment idiosync rasi
designs , styles and features.

.) 
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Recommended Ac ti on: Because of sc hedu le and cos t cons tra ints , and the
advance stage of the equipment design and procu rement , parts standardization
is not practical for CN’IDS. However, as part of any design modifications

- 
~~1 dictated by shakedown tests/or operating experience , parts standardization

should be attempted (i.e., use parts already in the system to reduce the
number of different parts). For future CAMDS designs , a strict parts

standardization program should be promulgated and enforced early in the
desi gn process.

-6.2.19 Problem

S The CANDS inventory control number (ICN ) system emp loyed resul ts in a
great number of identical i tems being specified under different ICN ’s.

Signifi cance: Without the proper controls , a grea t n~imber of identical
i tems may- be spared under different ICN ’s. For example , the Wi l den Company
Model M-8-5 diaphragm pumps (3 total ) used in the BIF and PPD are each
identified by different ICN ’s. Unless a cross referenc ing system i s es tablis
to note that these pumps are i dentical 3 pumps at approximately $1 ,500 each
will be spared under their respective ICN . This dupli city of spare hardware
can be a significant cost element and burden on maintenanc e resources .

) Recommended Action: Establish and use an ICN cross referencing system
to eliminate duplici ty of hardwa re stored or revise the design drawings to
ensure that all identical i tems are listed under conino n ICN ’s.

6.2.20 Prob lem

Ton contai ner could be dropped during handling operations if sling
fixture -Is not properly applied by operator.

Significance: Dropping of ton container is a personnel hazard and
could cause damages to equipment and release significant quantities of
agent.

Recommended Action: Modify sling fixture for positive lock on ton
container.

C
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6.2.21 Problem

Discrimination of emptied ton containers from filled or partially

filled ton containers .

S Significance: Visual determination of whether a ton container has

been fully drained is not possible . Passing of filled or partially

filled GB/VX ton containers to the MPF may occur.

Recommended Action: Incorporate in the B1F standing operating

procedures , a requirement to positively mark all ton containers which
have been drained.

6.2.22 Problem

Demil equipment electrical wiring not -in conformance with the
5 National Electric Code .

Significance: Electrical breakdown of switching circuits or wiring
insula tion can cause malfunction (e.g., unscheduled operation) of
electric elements causing equipment damage during munition processing.

Recommended Ac tion: Rew i re control c i rcu it s in accor dance w ith

the National Electric Code.
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