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1.0 INTRODUCTION

The Army is developing a Chemical Agent/Munitions Disposal System
(CAMDS) for complete demilitarization and disposal of lethal chemical agents
and munitions within the constraints of total containment of hazardous
materials, impeccable safety to operating personnel and the civilian population,
and stringent environmental control standards. The munitions to be demilitarizec
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-controlled machinery for
removing explosive components and chemical agents from munitions, two continuous
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 CDRL Sequence Item A002 and
Data Item Description DI-R-3535/R-103-2/M, and addresses the results of the
maintainability and reliability assessment and analyses of CAMDS. The assess-
ment and analysis was performed in three phases with objectives as follow:

e Phase I System Level Assessment: Assess CAMDS at the

system level to determine the adequacy of the building block
design processing rates to meet the target production rates.

o Phase II Building Block Level Analysis: Perform reliability ,
and maintainability analyses at the building block level
to determine the validity of design processing rates.
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e Phase III Identification of Problem Areas and Recommended
Corrective Actions: Identify potential maintainability ond
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
summarizes 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 Il leading 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
general, only the second decimal place of the predicted 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 mm M360 Cartridges, GB) small. At worst (105 mm M360
Cartridges, GB with Burster), the predicted availability is increased by
roughly 7% by use of "actual" 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 based on
target production rates will result in minor discrepancies which do nct
bear on the study finding, and that recasting of the Phase II results
using "actual" rates is not warranted.
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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 Mine. This determination was made
by first assessing each system required to demil a munition/agent configura-
tion to identify the interrelationship between building blocks. The system
processing rates were then determined based on equipment capacities with-
out considering downtime due to failure or scheduled maintenance. A three
shift/day-five day week operation with a debugged system and fully trained
personnel was used for the operational baseline. The system availability
resulting from unscheduled 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. Finally, the impact of
scheduled downtime on these pFoduction levels was then determined as a
function of operational and preventive maintenance -requirements.

Table 2-1 presents a summary of downtimes for each munition/agent con-
figuration including allowable downtime, estimated unscheduled downtime,
and time available for scheduled downtime. As can be seen, the estimated
unscheduled down often exceeds the allowable downtime. This results in a
reduction in daily production capability even before scheduled downtime
for preventive 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
munition demil 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 Demil Machine
and the Projectile Demil Equipment, see Table 4-2. There are no identified
preventive maintenance actions requiring system shut down, that cannot be
scheduled for a weekend maintenance shift.
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Table 2-2. System Production Estimates

Daily Production Rate
(Items/Day)
Munition Agent Availability* Target Estimated**
Rocket, 115 mm, M55 GB .8540 400 311 - 327
VX .8439 400 307 - 323
Cartridge, 105 mm, M360
without Bursters GB .8375 1000 572 - 602
without Bursters, with Welded Burster Well GB .8341 1000 570 - 600
with Bursters . GB .7384 1000 471 - 495
Projectile, 155 mm, M121A1
without Bursters GB .8632 650 590 - 620
without Bursters 124 .8542 650 584 - 614
brojectile, 155 mm, M121
without Bursters GB .8632 650 590 - 620
without Bursters, with kelded Burster Well GR .8609 650 588 - 619
Projectile, 155 mm, M122 :
without Bursters GB .8606 650 588 - 619
Projectile, 155 mm, M110 H .7942 650 507 - 533
Mustard with Bursters
Projectile, 155 mm, M104
Mustard with Bursters HD 7942 650 507 - 533
Projectile, 8", M426
without Bursters GB .8830 400 402- 423
M23 Mine VX .8846 800 806 - 848
4.2" Mortar HD .7814 1000 890 - 936
M2 /M2 HT 7814 1000 890 - 936
MC-1 Bomb, 750# GB 9277 24 25 - 26
MK94 Bomb GB .9268 24 25 - 26
Spray Tank, TimL - 28/b VX .9159 4 4
Ton Container GB .9272 5 5
VX .9168 5 5
HD .9409 5 >
*Portion of time system is not affected by unscheduled downtime.
**Based on no scheduled downtime during a 3 shift/day operation.
i B il il STNSRRRNRNY
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The results of the building block level maintainability 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 mzin-
tainability and reliability characteristics of the CAMDS munition lines
as determined by evaluation of their 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
demil configurations. A few of the more significant findings of the build-
ing block level analysis are as follows:

e The CAMDS concepts appear to be fundamentally sound in its mission
to dispose of chemical munitions in a safe and expedicious manner.
However, the soundness of the functional designs have yet to be
proven. Findings of this analysis suggest that the design ap-
proaches adopted in some instances results in equipment availabili*ies
wnich degrade the effective production capabilities to levels far
short of standards necessary to achieve target production rates.

e Indiscriminant redundancy does not appear to be a cost effective
approach for improving equipment availability. Case studies as
noted in Section 6.2 indicate that complete redundancy of the MPF,
DFS and ADS (for example), increases the availability of the 105 mm
M360 Cartridge GB with burster munition demil 1ine by only 1%%.

® Predicted system availaiblities are sensitive to the maintainability
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 burscer munition
demil line would be increased from 0.74 to 0.85. Clearly, acquisi-
tion of better maintainability factors based on actual tests on the
CAMDS gear, is warranted. s
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LEGEND: CURVE MUNITION
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The analysis shows that the munition demil line involving the least
number of Building Blocks (8), the least complicated Buiilding Blocks,
one of the more easily disposed of agents (mustard), and one of the
slowest (low-cyclic application) processing rates (0.25/kr), i.e.,
the ton container containing mustard, also has the highest expected
probability of success (reliability) 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 demil 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 application)
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 MIBF and Availability are also
the Towest at 24.6 hours and 0.738 respectively.

Taken as a group, the analysis shows that the munition processes
involving the bulk items have the highest expected probability

of success (reliability) curve and highest related MTBF values
when compared with the processes invo]vin§ 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 while 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
small with regard to the different munition demil lines, where the
average MTTR is 7.76 hours with a standard deviation of 0.532 hour
(6.9%).
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The purpose of this analysis was to predict "a priori" certain
characteristics of CAMDS. The accepted methods of accomp'ishing
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 consideration by the "principle
of transferability." The two most 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 limited in quantily 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 desirable that CAMDS
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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3.0 CAMDS DESCRIPTION

3.1 GENERAL

The CAMDS site is located at the South Area of Tooele Army Depor, Tooele,
Utah. A1l personnel entering the CAMDS faci]ity 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 unloading
station is located just outside the fenced area. Chemicals are pumped from this
unloading station to a bulk chemical storage tank area located inside the fenced
area adjacent to the Agent Destruction System (ADS).

A1l munitions, with the exception of bulk items, 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 with 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 demil each munition/agent
configuration is presented in Section4.3. 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 - UPA - 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 Hydraulics

R — - p— TT———T ST
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Table 3-1. Munition Agent Configurations

Munition Type Agent Explosive
M55 Rocket GB,VX 3.2-1b Composition B
M23 Mine VX 0.8-1b Composition B
105 mm, M360, Burstered GB 1.1-1b Tetrytol
105 mm, M360, Non-Burstered GB None
155 mm, M110 , Burstered H 0.41-1b Tetryto]
155 mm, M104 , Burstered HD 0.41-1b Tetrytol
155 mm, M121 GB None
155 mm, M121A1 GB,VX None
155 mm, M122 GB None
8-inch, M426 GB None
4.2 inch Mortar HD,HT 0.14-1b Tetry]l
MC1 Bomb GB None
MK94 Bomb GB None
Spray Tank VX None
Ton Container GB,VX None
Ton Container HD None

LRI
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13 - ADS - Agent Destruction System

14 - ETS - Explosive TReatment System
15 - PDM - Projectile Demil Machine

18 - PPD - Projectile Pull and Drain Machine
19 - CDS - Central Decon System

21 - BIF - Bulk Item Facility

22 - MHE - Material Handling Equipment
23 - FIL - Filter System

24 - MOR - Mortar Demil 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:

01-UPA-Unpack Area. The purpose of the UPA is to provide an area
Within the CAMDS where the items to be processed in the ECC 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 housing is physically
connected to the ECC housing and faces the Personnel Support Complex (PSC).

02-ECC-Explosive Containment Cubicle. The ECC's primary purpose is to
retain the fragments and chemical agents that would result from an explosive
incident during demilitarization of chemical munitions. A1l 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 (RDM), 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 housira
between the ECC and the DFS.

—————— A—————— . ————— —

; Ll e T8 P 3 S ot & ‘bﬂ’; mm:r m




04-DFS-Deactivation Furnace System. The DFS comprises that area of

the CAMDS 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 thermaily detoxify filled ton containers
of H, HD and HT, 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 Demil 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-conditioning needs in the CAMDS site.

Process steam is required for the Metal Parts Furnace and Agent Destruction
System and the steam will also heat the CAMDS 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,
ECC, PDF and BIF. Hydraulic pressure is provided to support equipment in the
UPA, ECC, PDF, BIF and 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.

————— T ———— o — e
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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 containing
GB, VX and mustard.

A11 agent processing will be performed in “toxic" areas, while the
remainder 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 Tiquor to a dry produét 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. A1l 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 removal by the appropriate removal device.
Projectiles that have had their energetic materials removed will undergo
further processing in the PPD machine. (See Building Block 18.)

18-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.
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19-CDS-Central Decon System. The CDS mixes, stores, and supplies

calcium hypochlorite 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 PDF and includes as major components: a decon
supply tank, a vacuum conveyor used to transfer hypochlorite powder from
shipping drums to the supply tank, two holding tanks, and ancillary control
and monitoring equipment.

21-BIF-Bulk Item Facility. The BIF is the area of CAMDS designated
for demilitarization of large nerve agent-filled munitions and bulk containers

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 items
into the holding/preparation area, transport the items into and out of the
drain bays, and deliver the items 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. A1l 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 filtered 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.




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

separate the M120 booster and the M38 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
ECC.

26-PIP-Piping. The CAMDS piping 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 CAMDS site contains four power transformers:
a 75-kva, 208-volt unit for the well pump, a 3Qb}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 Television. These surveillance systems provide
for remote observation of machines, conveyors, and maintenance operations in

toxic areas.

31-COM-Communications. 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.
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3.4 DEFINITION OF TERMS

For the purposes of this report in both text and data presentation

herein, the following term definitions will apply:
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Accessibility

A measure of the relative ease of admission to the various areas of
an item.

Availability

A measure of the degree to which an item is in the operable and
committable state at the start of the mission, when the mission 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 characteristics.

Checkout

Tests or observations of an item to determine its conditions 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
replaceable 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

The Togical, systematic examination of an item to identify and N
analyze the cause and mode of failure of the item.

Failure Mode -

The manner in which a hardware item fails.




e Failure Mode Effects Analysis (FMEA)

A technique for system design evaluation which Tists elements of
that design, determines the effects of modes on system/elements,
and documents built-in deterrence or corrective action necessary.

e Failure, Random

Any failure whose occurrence is unpredictable in an absolute sense
but which is predictable only in a probabilistic or statistical sense.

e failure Rate

The number of failures of an item per unit measure of 1life in cycles,
time, or events as applicable.

e Hazard Level

A qualitative measure of hazards stated in relative terms. The
following definitiors of hazards levels are in consonance with
applicable MIL Specifications.

e Human Engineering

The area of human factors which applies scientific knowledge to the
design of items to achieve effective man-machine integration and
utilization.

o Inherent
Achievable under ideal conditions, generally derived by analysis and
potentially present in the design.

(] Item

Used herein to denote the lowest level of hardware assembly as a
component or part.

e Maintainability

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 maintenance
is performed in accordance with prescribed procedures and resources.

e Maintenance
A11 actions necessary for retaining an item in or restoring it to a
specified condition.

e Maintenance, Corrective

The actions performed, as a result of failure, to restore an item to
a specified condition.

e Maintenance, Preventive

The actions performed in an attempt to retain an item in a specified
condition by providing systematic inspection, detection and preveition
of incipient failure.

e Mean-Time-Between-Maintenance

The mean of the distribution of the time intervals between maintenance _
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Mean-Time-To-Repair (MTTR)

The total corrective maintenance time divided by the total number of
corrective maintenance actions during a given period of tine.

Mean-Maintenance-Time

The total preventive and corrective maintenance time divided Ly the
total number of preventive and corrective maintenance actions during
a specified period of time.

Mean-Time-Between-Failures (MTBF)

For a particular interval, the total functioning 1ife of a population
of an item divided by the total number of failures within 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 clearly”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.
Operational

Pertaining to the state of actual usage.

Predicted

That which is expected at some future date, postulated on analysis of
past experience.

Redundancy

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

Redundancy, Active

That redundancy wherein all redundant items are operating simultaneously

rather than being switched on when needed.

Redundancy, Standby

That redundancy wherein the alternative means of performing the
function is inoperative until needed and is switched on upon failur
of the primary means of performing the function.

)
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Reliability

The probability that an item subassembly, assembly, or system will
perform its intended function for a specified interval under
stated conditions.

Safety

The conservation of human life and its effectiveness and the
prevention of damage to equipments consistent with mission
requirements.

Storage Life (Shelf Life)

The length of time an item can be stored under specified conditions
and still meet specified requirements.

System

The functional total of all Building Blocks required to accomplish
a process and representable by a process logic diagram.

Time, Active
That time during which an item is in the operational inventory.

Time, Adjustment or Calibration

That element of Maintenance Time during which the needed
adjustments of calibrations are made.

Time, Administrative

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

Time, Checkout

That element of Maintenance Time during which performance of an item is
verified to be in specified condition.

Time, Cleanup

That element of Maintenance Time during which the item is enclosed and
extraneous material not required for operation is removed.

Time, Delay

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

Time, Down (Downtime)

That element of Time during which the item is not in condition to
perform its intended function.
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Time, Fault Correction

That element of Maintenance Time during which a failure is corrected
by (a) repairing in place; (b) removing, repairing, and replacing;
or (c) removing and replacing with a 1ike serviceable item.

Time, Fault Location

That element of Maintenance Time during which testing and analysis is
performed on an item to isclate a failure.

Time, Item Obtainment

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

Time, Mission

That element of Uptime during which the item is performing its
designated mission.

Time, Modification

The time necessary to introduce any specific change(s) to an
item to improve its characteristics or to add new ones.

Time, Preparation

That element of Maintenance Time needed to obtain the necessary test
equipment and maintenance manuals, and set up the necessary equipment
to initiate fault location.

Time, Reaction

That element of Uptime needed to initiate a mission, measured from
the time the command 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.

Time, Turn-Around

That element of Maintenance Time needed to service or check out an
item for recommitment.

Time, Up (Uptime)

That element of Active Time during which an item is either alert,
reacting, or performing a mission.
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Uptime Ratio

The quotient of Uptime divided by Downtime.

Wearout

The process of attrition which results in an increase of the

failure rate with increasing age (cycles, time, miles, events, etc., as
applicable for the item).
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) 3.5 DOCUMENTS REVIEWED

In addition to technical discussions with key engineering and super-
visory personnel at both Edgewood Arsenal and Tooele Armu Depot, a relatively
1 large number of drawings, test reports, design criteria, and related U.S.
Army documents were reviewed by the contractors in preparation for baselines
of this report. The sources of information for the data presented herein
are as follows:

MIL-STD-785A

MIL-STD-721B

MIL-STD-470
MIL-STD-882
MIL-STD-1472A

e ———————
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MIL-STD-280A

AMCP-702-3
FARADA
RADC-TR-68-14
PMO

| (Aberdeen)
28 May 1975

EA & TEAD
(April 1975)

Reliability Program for Systems and
Equipment Development and Production

Definitions of Effectiveness Terma for
Reliability, ...

Maintainability Program Requirements
Requirements for Systems Safety Programs

Human Engineering Design Criteria for
Military Systems ...

Definitions of Item Levels Exchangeability
Models and Related Terms

Reliability Handbook

Failure Rate Data Handbook - Navy FMSAEG
Nonelectranic Reliability Handbook, RADC, N.Y.
Chemical Munition Stockpile Inspection
Conducted in Support of the Chemical Agent
Munition Disposal System (CAMDS)

Design Criteria, CAMDS
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Hercules, Inc.

Hercules, Inc.

PMO (TEAD)
(Maj. Timpf)

The Marquardt Co.
Thé Marquardt Co.
PMO - TEAD

(28 May 1975)
TEAD

TEAD
TEAD

Hercules Inc.

Hercules, Inc.

Hercules, Inc.

Preliminary Hazards Analysis of a Metal Parts
Furnace and Air Pollution Control System

Failure Mode and Hazardous Effects Analysis
of a Metal Parts Furnace and Air Pollution
Control System

Enclosure 17, Surveillance and Movement of
Munitions, to Draft Demilitarization Plan,
July 1975

Engineering Evaluation of the CAMDS Muni-
tions Demil Machinery Design, 01, Vol I, 1974

Engineering Evaluation of the CAMDS Muni-
tions Demil Machinery Design, 01, Vol II, 1974

Chemical Munition Stockpile Inspection -
Support of CAMDS

Enclosure 5, Explosive Containment Cubicle
Testing and Related Data, to Draft Demil Plan
for CAMDS, July 1975

CAMDS Test Reports —Avarious series, 1972-75
CAMDS Drawings - Aperture Cards, as available

Preliminary Hazards Analysis of a Deactivaticn
Furnace and Air Pollution Control System

Failure Mode and Hazardous Effect Analysis-
of Deactivation Furnace and Air Pollution
Control System

Failure Mode and Hazardous Effect Analysis
of the Agent Destruction System for CAMDS.

Additional References include the following:

(1) MIL-HDBK-472, 24 May 1966, "Military Standardization Handbook,
Maintainability Prediction".

(2) Army regulation number 702-3, 22 March 1973 (Revision pages
0ct9ber_1973). "Product Assurance, Army Material Reliability,
Availability, and Maintainability (RAM)".

(3) MIL-HDBK-217A, 1 December 1965, "Military Standardization
Handbook, Reliability Stress and Failure Rate Data for

Electronic Equipment".
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(4)

(5)

(6)

(7)

(9)

(10)

(1)

(12)

(13)

RADC-TDR-64-373, Vol. I Final Report, "Analysis of Maintenanc
Task Time Data (covering electrical, electronic and
electro-mechanical components during Weapon System Operation
Phase)," December 1964. Reliability Branch, Rome Air Development
Center, Research and Technology Division, Air Force Systems
Command, Griffiss Air Force Base, New York.

RADC-TDR-64-373, Vol. II Final Report, "Analysis of Maintenance
Task Time Data (covering mechanical components during Weapon
System Operational Phase)," December 1964. Reliability Branch,
Rome Air Development Center, Research and Technology Division,
Air Force Systems Command, Griffiss Air Force Base, New York.

AMRL-TR-68-74, "A Portable Test Battery for Comparatively
Evaluating Operator Performance in Full-Pressure Suit Assemblies,"
October 1968. Aerospace Medical Research Laboratories,

Aerospace Medical Division, Air Force Systems Command, Wright-
Patterson Air Force Base, Ohio.

Huchingson, R. D. "An Evaluation of the Gemini 3C-8 and the USN
Mark IV Pressure Suits to Determine their Effects on Seven
Psychomotor Skills." Dallas, Texas; LTV Aerospace Corporation,

Undated.

Walk, D. E., "Finger Dexterity of the Pressure-Suited Subject."
Wright-Patterson AFB, Ohio: Aerospace Medical Research Labor
tories, AMRL-TDR-64, 1964.

AMRL-TR-66-235, "Evaluation of Manned Orbiting Laboratory Design
Definition Pressure Garments," July 1968. Aerospace Medical
Research Laboratories, Aerospace Medical Division, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio. '

MIL-STD-756A, 15 May 1963, "Military Standard, Reliability
Prediction."

Bazovsky, Igor "Reliability Theory and Practice," Pretice-Hall
Inc., 1962.

TRW Report No. 95436-002 (Prepared under Contract No. DAAG-49-
75-C-0135), 2 October 1975, "Safety Analyses and Hazard Evalu-
ation Report, Failure Modes and Effects Analysis for CAMDS."

RADC-TR-74-268, Final Report, October 1974, "Revision of RADC
Nonelectronics Reliability Notebook" (RADC-TR-69-458, Section 2),
Martin Marietta Aerospace Corporation, Rome Air Development
Center, Air Force Systems Command, Griffiss Air Force Base,

New York 13441,
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4,0 PHASE I SYSTEMS LEVEL ANALYSIS

4.1 ANALYSIS APPROACH AND METHODOLOGY

To estimate the production rates for each CAMDS configuration the
analysis is performed in the following logic sequence.

1) Determine the system availability 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 utilities.

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

4) Determine the reduction to estimated 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 critical
building blocks operate in series, and a failure of any one building 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 (NATM) of each
building block, the mean time between failure (MTBF) and mean time to repair
(MTTR) for the system are determined as

z 1 CNATM
MTBF Z NN and MTTR = N7\/," ,

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

1
1 4 MT;R
In addition to the availability of the system as represented by the
individual building blocks, the system production levels are also influenced

Availability =

L
AL
=




by other factors such as weather and utilities. These factors can be
incorporated into one term representing a modification factor to the total
system availability. Again assuming each factor influencing the operztion

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 facility 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:

Availability = AvailabilityR * Avai]abih’tyEX
where

Avai]abi]ityR is the availability of the system when accounting
for internal random failures

Availabi]ityEX is the availability of the system when accounting
for external random failures

Tm is schedule operational maintenance times

is normal operating period.

Daily production of the system is determined by finding the daily time
period (Top) when the system is operating normally.

Top = Availability = T
and factoring this by the maximum system production rate.

Daily production = Top » (production rate)

-
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4.2 FACTORS INFLUENCING PRODUCTION RATES

System production rates can be influenced by a number of equipment,
operational, and other factors. Equipment 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 environmental requirements that
result in production time reducing procedures. Other factors which influence
production include 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 Equipment 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 configuration.
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 influenced by the amount of required maintenance
which cannot be performed while 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.

T T
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Table 4-1. Maximum System Production Rates

1

Munition #W Rate (Items/Hour)
M55 Rocket 16 ‘
105 mm Projectiles Without Bursters 30
105 mm Projectiles With Bursters 28
155 mm Projectiles Without Bursters 30 1
155 mm Projectiles With Bursters 28
8" Projectiles 20
4.2" Mortar 50 *
M23 Land Mine 40
MC-1 Bomb 152 1
Spray Tank 0.2
! Ton Containers 0.25

Table 4-2. ldentified Operational Maintenance Requirements

Munition Building Block Action

M55 Rocket RDM Replace saw blades
segregator clean-off

Projectiles/Cartridges PDM Replace saw blades at

with Bursters projectile saw station and
burster saw station chip
removal

Projectiles/Cartridges PPD Cutting tool replacement

without Bursters

at burster weld cutting
station

e — G T ———
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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 Equipment Failures and Repair Times

Data has been developed for expected failures per million hours (NA),
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 11 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 béfore system
wearout. The repair times take into account trouble shooting time, agility
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 with weekends used for preventive maintenance and scheduled
overhauls. A1l 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 will influence production at worst 5% of the time and at
best 0.1% of the time.
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4.3 ANALYSIS RESULTS

4.3.1 M55 Rocket

The configuration for the demil of M55 (GB or VX) 115 mm rockets is
shown in Figure 4-1. The production bottleneck for the system is the
Rocket Demil Machine (RDM). A1l other subsystems are capable of production
rates far in excess of the RDM capacity. At present the RDM rate is running
from 3 min 35 sec to 3 min 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-
gyator clean-off should only take 5-10 minutes and will probably be required
once per shift.

There have been no preventive maintenance actions identified 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 in 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 rates.
Any down time for operational and/or preventive maintenance will 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 minute down time) for saw blade
replacement is also indicated in the fiqures.
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Figure 4-2.

Relytion Between Production Rate and Maintenance Time, M55, GI
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Figure 4-3,. Re1at1_on Between Production Rate and Maintenance Time, M55, yx




4.3.2 Projectiles/Cartridges, GB or VX Without Bursters

The system for the demil of non-burstered GB or VX filled projectiles ar
cartridges is shown schematically in Figure 4-4. A1l building blocks shown
must function to sustain production. However, momentary shutdown of certain
elements of the system for preventive, corrective or housekeeping maintenance
can be accommodated without affecting production. Examples of elements whict
can be momentarily shut down are the DUN, the UPA (because of the accumulatic
capacity of the PDF input conveyor) and the ADS (agent storage tanks permits
continued operation of the rest of the system).

Evaluation of the processing capabilities of the building blocks identif
the PPD as the production limiting subsystem. Projected hourly production
rates of the PPD are:

105 mm Cartridges 30
155 mm Projectiles 30
8 inch Proiectiles 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 without affecting production. However,
all normal maintenance actions can be adequately accomplished during the
scheduled weekend shutdowns and no requirement for partial shutdown of the 1i
can be identified.

Equipment failure and repair time data fbr each of the projectile/cartri
without bursters configurations are presented in Tables 4-6 to 4-13. The ranc
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:
indicated in Figures 4-5 to 4-10
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Figure 4-5 Relation Between Production Rate and Maintenance Time,
Cartridge, 105 mm, M360, GB, Without Bursters
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Figure 4-6. Relation Between Production Rate and Maintenance Time,

Cartridge, 105 mm, M360, GB Without Bursters, With Welded
Burster Well.
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Figure 4-7 Relation Between Production Rate and Maintenance Time,
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4.3.3 Cartridge, GB With Bursters

The system for the demil of burstered GB filled projectilcs and cartridge
is shown schematically in Figure 4-11. Sustained production requircs the
functioning of all building blocks shown. As in the case for GB/VX filled nor
burstered projectiles and cartridges (cf., Section 4.3.2) momentary shutdown
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 identified.

Evaluation of the system production capacity indicates the PDM as the

" production pacing subsystem. Projected hourly processing rates of the POM

processing 105 mm burstered GB filled cartridges is 28.

Beyond shutdowns for periodic replacement of the projectile nose closure
or fuse cutting saw blade in the PDM, no shutdown of the system for operationc
maintenance can be identified. This replacement can be readily accomplished
with minimal down time and effect on production.

No preventive maintenance actions have been identified which would requir
production line shutdown.

Equipment failure and repair time data for the projectile/cartridges witt
bursters configuration is presented in Table 4-15. The range of availability
including external factors and the resulting production rates are given in
Table 4-16. These rates do not include maintenance times which reduce produc-
tion. Any down time for maintenance will reduce the production rates as in-
dicated in Figure 4-12. '
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Figure 4-12.

Relation Between Production Rate and Maintenance Time,
Cartridge, 105 mm, M360, GB, with Bursters




4.3.4 Projectiles, Mustard With Bursters

Figure 6-13 illustrates schematically, the demil system for mustard fill
burstered projectiles which is fundamentally similar to the production line f
GB/VX filled burstered projectiles. The primary 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, must function to sustain production.

Evaluation of the processing capabilities of the building blocks identif
the PDM as the production limiting subsystem. Projected processing rate of 1
mustard filled burstered projectiles of the PDM as well as the demil line is

. per hour.

Periodic replacement of dull projectile nose closure cutting saw blades
is the only operational maintenance activity requiring shutdown of the produc
tion line. However, 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 projected 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 rang
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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