





The first column of Table 1 gives descriptive terms commonly used to indicate the likelihood of
various events, and the suggested range of numerical probabilities associated with these terms.
Although this information is most often used to convert numerical probabilities into language that
is understandable to readers who are not familiar with the field of mathematical probability, it has

also been used to derive numerical probabilities from descriptive terminology for hazard risk

assessments.

The following is an attempt to use the information in column 1 of Table 1 to assign numerical
probabilities to the various events which must occur for a catastrophic accident to occur as a

result of eliminating the NVR testing requirement.

Event ‘ Probability
Descriptive ~ Numerical ~ Notes

Component with >1 mg NVR per sq. foot placed in

oxXygen service - 3x10° 6y}
Contaminant concentrated in one location Occasional  1x 107 )
Contaminant being ignited Remote 1x10° 2)

Ignited contaminant located next to combustible or
degradable material Improbable  1x 10° (2)

Catastrophic Event resulting from Elimination of
NVR Testing 3x10™ (3) 4

Notes
(1)  Probability based on direct count of NVR results
(2)  Probability based on subjective estimate, upper limit of range
(3)  Assumes various events are independent

(4) Represents the product of the probabilities of the individual events.



Clearly, different assumptions or approaches could be used to arrive at different probabilities. For
example, the above numerical probabilities are the upper limits suggested for the various
descriptive terms. Use of mid range or lower values would result in an even smaller overall
probability. Other descriptive terms or scenarios could be used. Also, depending on the cleaning
process used, the condition of the hardware cleaned and the amount of control over the entire
process, the number and percentage of sample failures could vary widely. However, in any case
the combined probability of the unlikely events, which must occur to produce a catastrophic result
due to elimination of NVR testing, is orders of magnitude below that which Table 1 indicates is
"acceptable without review" and supports the overall conclusion that the information represented

by the NVR test result does not justify the cost of the analysis.

It is of interest that the Compressed Gas Association, Inc. pamphlet G-4.1 in referring to
hydrocarbon or particulate contamination states in part "An acceptable contamination level for
oxygen service equipment is about 100 mg per square foot but could be more or less depending
on specific applications ----." This limit is 100 times greater than that allowed by KSC-C-123H

for similar applications, and is consistent with the results of this study.

PFC carries out some 1,000 NVR tests per year. The number carried out by NASA and its
contractors plus those carried out by other agencies, agency contractors and private organizations
may well exceed 25,000 per year. If the cost per test is assumed to be $30, the direct savings

resulting from elimination of the NVR requirement is in the neighborhood of $750,000.

There have been numerous suggestions to restrict NVR testing to oxygen or oxidizer systems as a
means of decreasing costs. Such a policy would ignore the considerable expenditures of time and
money which have been spent searching for organic solvents which could be used as replacements
for CFC 113, and for verification methods not requiring the use of organic solvents. Since these
studies are still under way, the results have not been widely implemented. Therefore, elimination
of the NVR requirement for all components would result in much greater savings in that it would
eliminate the need to install and maintain the capability for NVR testing using whatever methods

are ultimately selected as a result of these studies.



As indicated by the title of this article, the authors' objective is to present a particular point of
view, i.e. that the value of the information provided by the NVR determination does not justify the
cost. A recent presentation of essentially this same material at the Kennedy Space Center
Aqueous Precision Cleaning and Verification Workshop evoked numerous responses, virtually all
of which were favorable. Nevertheless, there exists a definite reluctance to simply eliminate the
requirements. This reluctance is largely base‘d on the view that since the cost of the test is
minuscule in comparison with the costs associated with high performance aircraft and spacecraft,

the test should be retained on the chance that it may preclude a catastrophic failure of some kind.

The problem with this viewpoint is that there are literally thousands of tests, exercises, studies,
modification, etc. which could be performed, which at least theoretically might lessen the
probability of a catastrophic accident by some amount, however small.. To insist on carrying out
every such activity would not only increase the cost of the hardware, but would also require a
great deal of time for both development and implementation. Moreover, in some instances,
human errors associated with such activities could directly result in the kinds of accidents they are

intended to prevent.

This type of problem has been considered at length in many textbooks including textbooks on
RCM (Reliability Centered Maintenance). Proponents of RCM using mathematical theory, logic
diagrams, etc. have concluded that preventive maintenance actions are justified only if objective
engineering evidence is available showing them to be effective in reducing the probability of a
failure. In lieu of objective evidence showing that performance of the NVR test reduces the
probability of an accident, we have used actual in-house operating data for NVR results together
with subjective estimates of the probabilities of various events to carry out a hazards analysis as

prescribed in MIL-STD-882C as the basis for our conclusions.
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NOTE:

An earlier version of this paper was presented to the Kennedy Space Center Aqueous Precision

Cleaning and Verification Workshop and copies distributed to the approximately 200 attendees.
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INSERT

I. Asindicated by the title of this article, the authors' objective is to present a particular
point of view, i.e. that the value of the information provided by the NVR
determination does not justify the cost. A recent presentation of essentially this same
material at the Kennedy Space Center Aqueous Precision Cleaning and Verification
Workshop evoked numerous responses, virtually all of which were favorable.
Nevertheless, there exists a definite reluctance to simply eliminate the requirements.
This reluctance is largely based on the view that since the cost of the test is minuscule
in comparison with the costs associated with high performance aircraft and spacecraft,
the test should be retained on the chance that it may preclude a catastrophic failure of

some kind.

The problem with this viewpoint is that there are literally thousands of tests, exercises,
studies, modification, etc. which could be performed, which at least theoretically might
lessen the probability of a catastrophic accident. To insist on carrying out every such
activity which could conceivably lessen the probability of an accident by an amount,
however small, would not only increase the cost of the hardware, but would also
require a great deal of time for both development and implementation. Moreover, in
some instances, hﬁman errors associated with such activities could directly result in the

kinds of accidents they are intended to prevent.

This type of problem has been considered at length in many textbooks including
textbooks on RCM (Reliability Centered Maintenance). Proponents of RCM using
mathematical theory, logic diagrams, etc. have concluded that preventive maintenance
actions are justified only if objective engineering evidence is available showing them to
be effective in reducing the probability of a failure. In lieu of objective evidence
showing that performance of the NVR test does or does not reduce the probability of
an accident, we have used actual in-house operating data for NVR results together
with subjective estimates of the probabilities of various events to carry out a hazards

analysis as prescribed in MIL-STD-882C as the basis for our conclusions.





