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Abstract 
This report documents the results of the "Evaluation of Criticality Alarm System Testing" 

project performed at the Georgia Institute of Technology, per the Westinghouse Savannah River 
Company statement of work GA0037. 

The project entailed evaluation the current Criticality Alarm System testing method and 
propose alternatives and cost estimates, testing of representative portable equipment, testing of 
various protective clothing configurations, testing of alarms, and development of a plan and cost 
estimate for determining baseline noise and alarm levels in the FB-Line/F Canyon facility. 

Our evaluation of current CAS testing practices leads us to conclude that repeatable results 
are not possible, principally due to the adverse noise environment that the survey team members 
experience during the course of the survey. 

We developed 6 alternative CAS testing methodologies, based on variations of objective 
versus subjective techniques. Implementation costs vary from $46,500 to $105,00. We 
recommend that WSRC adopt an objective assessment of audibility based on alarm levels 
exceeding masked threshold levels by at least 13 dB in at least two 1/3 octave bands. We 
recommend the use of 1/3 octave band capable logging sound level meters and the use of a 
quantitative hearing model as the means to increase the repeatability of the CAS testing. The 
implementation of the recommendation will require a detailed survey of the facility to establish 
audibility throughout the facility. Subsequent surveys will require measurements only at a 
limited number of positions near installed bells. We developed a method for performing the 
required baseline background noise level and alarm level survey in the subject facility. 

We developed two methods for assessing the impact of portable equipment on a space. One 
method is fully predictive, but would require an additional survey of the facility to determine 
room response characteristics. The second approach is to compare the noise levels at the time of 
installation against a pre-determined level that would render an alarm inaudible: So long as the 
actual in-service level is below the inaudibility threshold, the alarm would be audible by the 
objective criteria. 

We performed sound power testing on a variety of portable equipment. We found that the 
portable equipment, typically, has substantially less sound power output than the NIM bells. We 
performed Insertion Loss testing on a variety of personal protective clothing. We found that the 
hoods would have the greatest impact on audibility. We performed flow-noise measurements in 
air-supplied hoods and suits. Without knowledge of typical ambient levels in the subject facility, 
we cannot assess if these levels affect alarm audibility. 

ID: WSRS0011 ii file: reports/final/final report 



Table of Contents 

Abstract ii 
Table of Contents iii 
List of Symbols and Abbreviations v 
List of Figures vii 
List of Tables viii 
1 Introduction 1 

1.1 Project Scope 1 
1.2 A Brief Discussion of Human Hearing, Audibility and Octaves 1 
1.3 Document Structure 3 

2 CAS Evaluation, Alternatives, Impact Prediction and Level Surveys 4 
2.1 Evaluation of Current Practice 4 
2.2 Alternative CAS Audibility Testing Procedures 5 

2.2.1 Considerations on Hearing Thresholds 5 
2.2.2 Considerations on Objective Audibility Assessment 6 
2.2.3 Justification for Limited Scope Objective Testing Approach 7 
2.2.4 Objective Survey: Commercial SLM Instruments and Hearing Model 8 
2.2.5 Subjective Survey: Tape Recording With Human Subject Post-processing 9 
2.2.6 Objective Survey: Tape Recording With Quantitative Post-processing 11 
2.2.7 Subjective Survey: Modification to Existing Procedure 13 
2.2.8 Individual Detectors 13 
2.2.9 Central Monitoring of Remote Detectors, Objective Assessment 14 

2.3 Methods For Assessing Impact of Portable Equipment on Audibility 15 
2.3.1 Fully Predictive Impact Assessment 15 
2.3.1.1 Sound Prediction in Sabine Rooms 16 
2.3.1.2 Sound Prediction in Non-Sabine Rooms 17 
2.3.1.3 Measurement of Room Constants by Reference Source Method 17 
2.3.1.4 Measurement of Room Constants by Reverberation Time Method 17 
2.3.1.5 Fully Predictive Assessment: Feasibility and Implementation 18 
2.3.2 Assessment at Time of Installation 18 

2.4 Background Noise Level and Alarm Level Survey 19 
3 Measurements 21 

3.1 Sound Power Measurements 21 
3.1.1 Sound Power Measurements - Methods 21 
3.1.2 Sound Power Measurements - Results 22 
3.2 Alarm Bell Directivity and Spectrum 24 

3.3 Insertion Loss Measurements - Personal Protective Clothing 26 
3.3.1 Insertion Loss Measurements - Methods 26 
3.3.2 Insertion Loss Measurements - Results 27 

3.4 Insertion Loss Measurements - Huts 34 
3.4.1 Hut Insertion Loss Measurements - Methods 34 
3.4.2 Hut Insertion Loss Measurements - Results 34 

3.5 Forced-Air Equipment Flow Noise Measurements 36 
3.5.1 Forced-Air Equipment Flow Noise Measurements - Methods 36 
3.5.2 Forced-Air Hood Flow Noise Measurements - Results 37 

ID: WSRS0011 iii 

file: reports/final/final report 



4 An Example of Alarm Audibility Calculations 43 
5 Literature Review 46 

5.1 Standards 46 
5.2 Reports, proceedings, journal publications, etc 47 
5.3 Commercial resources 49 

7 Conclusion 50 
References 51 
Appendix A - Procedure for Sound Power Measurements 1 
Appendix B -Procedure for Manikin Measurement of Personal Protective Clothing Insertion 
Loss 1 
Appendix C - Procedure for Acoustic Measurement of Forced Air Noise Levels in Protective 
Clothing 1 
Appendix D - Instrumentation 5 

IL test instrumentation: 5 
Sound Power Test instrumentation: 5 
Forced Air Flow-Noise Instrumentation: 5 
Misc.—Alarm FFT instrumentation:.... 5 

ID: WSRS0011 iv 

file: reports/final/final report 



List of Symbols and Abbreviations 
A-weight - A standardized weighting of acoustic spectra to approximate the frequency 

dependency of human hearing. It strongly de-emphasizes low and high frequency sounds, 
while slightly emphasizing mid-range sounds. 

dB - A logarithmic measure of sound level (see L p , below). 

CAS - Criticality Alarm System. 

Flat and Long Rooms - Rooms where the largest ratio of room dimensions is greater than 3. 

GTRI - Georgia Tech Research Institute. 

HPD - Hearing Protection Device. 

IL - Insertion Loss, a quantitative measure of how much the sound at an observation point is 
affected by some noise control treatment or other acoustic barrier. 

L p - Sound pressure level in dB, L p =20 log(p/p r ef), where p is the acoustic pressure and / ? r e f 

is 20 uPa. 

L w - Sound power level in dB, L w =10 log(W/W ref), where W is the acoustic sound power in 
Watts and W r e f is 10" 1 2 Watts. 

NIM - Nuclear Incident Monitor. 

NRR - Noise Reduction Rating. A standardized protection rating, expressed in dB, for 
hearing protection devices. 

SLM - Sound Level Meter. A device for measuring the sound pressure level of acoustic 
fields. 

PPC - Personal Protective Clothing. 

PTS - Permanent Threshold Shift (see section 1.2). 

Q - Directivity index of a source. Q=l for free space (no reflecting boundaries), Q=2 for 
half space (one reflecting surface, e.g., a wall or floor), Q=4 quarter space (two reflecting 
surfaces, e.g., wall-floor junction), Q=8 eighth space (three reflecting surfaces, e.g., 
corner). 

R - Room_constant, related to the amount of acoustic energy absorbing material in a room, 
Sa 

R = ^ _ - , where S is the surface area of the room, and a is the average room 

absorption. 
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Third octave (also 1/3 octave) band - A standardized subdivision of the frequency axis of a 
spectrum of a noise signal. Each third octave has a defined center frequency and 
frequency bandwidth. All of the energy within the bandwidth is summed to a single value 
representing the band level (see Section 1.2). 

Sabine Room - Room where the largest ratio of its room dimensions is less than 3. 

non-Sabine Room - A flat or long room. 

TTS - Temporary Threshold Shift (see Section 1.2). 

WSRC - Westinghouse Savannah River Company. 
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1 Introduction 
This report documents the results of the "Evaluation of Criticality Alarm System Testing" 

project performed at the Georgia Institute of Technology, per the Westinghouse Savannah River 
Company statement of work GA0037. This project was fundamentally directed toward 
evaluating the current practice and developing alternatives to the current methods that 
Westinghouse Savannah River Company uses to assess the audibility of their Criticality Alarm 
System. The purpose of the CAS audibility test is to meet the audibility inspection requirements 
of the CAS as specified in ANSI/ANS-8.3. The project at hand is motivated, in part, by the need 
for a less subjective, more repeatable test method. 

1.1 Project Scope 

The project scope included: measurement of third octave sound power levels from a variety 
of portable equipment and from a sample of NIM alarm bells, measurement of third octave 
insertion losses for a variety of protective clothing and for two huts, measurement of the flow-
noise inside the hoods of a variety of forced-air-supplied protective clothing, performance of a 
literature search for materials related to CAS audibility testing, evaluation of the current testing 
method, development of a proposed plan and cost estimate to perform a background noise level 
survey within the FB-Line/F Canyon facility, and development of alternatives and cost estimates 
to perform quantitative audibility surveys within the facility. 

1.2 A Brief Discussion of Human Hearing, Audibility and Octaves 

The literature and state of knowledge regarding human hearing are too extensive to go into 
detail in this report. Nonetheless, as the topic is not of general knowledge, we believe it 
appropriate to provide a brief discussion of human hearing and audibility. Portions of the 
following material has been summarized from "Fundamentals of Acoustics," by Kinsler et al., 1 

Chapter 11. 
Threshold of Hearing - The human ear has different sensitivities to sounds of different 

frequency. The threshold of audibility is that absolute sound intensity level as a function of 
frequency, expressed in dB, for a sound to be judged 'audible.' An average, non-hearing 
impaired person has the highest sensitivity at near 4 kHz. At lower and higher frequencies than 4 
kHz, greater absolute levels are required in order for a sound to be audible. The span of normal 
human hearing is roughly 20 Hz to 20 kHz. 

Equal Loudness - Sounds judged by a listener as having equal loudness will have different 
absolute levels as a function of frequency, and as a function of total loudness. At low loudness 
levels, substantially higher absolute levels are required at low and high frequencies for the 
sounds to have the same apparent loudness. At higher loudness levels, the differences are less in 
absolute levels as a function of frequency required for equal loudness. 

Threshold shifts - When and individual is exposed to noise of sufficient level, the ability of 
that individual to detect a sound is reduced, that is, their threshold of hearing shifts up. An 
elevated threshold of hearing indicates that higher absolute levels are required for audibility. 

Temporary Threshold Shift (TTS) - A threshold shift that is non-permanent. That is, the 
individual's normal hearing recovers to its pre-exposure sensitivity within some time interval 
after the noise exposure. 
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Permanent Threshold Shift (PTS) - A threshold shift that does not recover, and which is 
indicative of hearing loss or impairment. PTS is caused by a number of factors, including 
occupational noise exposure, age, acoustic trauma, medical factors, etc. 

Masking - The observed characteristic of human hearing, where, in order for a sound to be 
distinguishable from background broad-band noise, the sound must exceed the noise level by 
some level. Sounds at one frequency can mask sounds at substantially different frequency. The 
masking sound can be both pure tone and broadband. Broadband noise masks sounds of all 
frequencies. Masking essentially raises the threshold of audibility. Broadband noise essentially 
raises the threshold of audibility in direct proportion to the level of the noise (i.e., a 10 dB 
increase in the noise level causes a 10 dB increase in the threshold of audibility). 

Critical bands - The observed characteristic of human hearing that the ear acts somewhat like 
a set of parallel band-pass filters, with the total frequency span of the set covering the audio 
range, and with the width of the individual bands increasing with increasing frequency. The 
perceived loudness level of band-limited noise, where the total absolute energy level in the band 
is held constant, will remain constant until the bandwidth exceeds the critical bandwidth. Once 
the bandwidth exceeds the critical bandwidth, the perceived loudness increases. Above 400 Hz, 
the critical bandwidth of the ear at any given frequency is approximately one third of an octave 
(octaves and third octaves are described below). 

Masked threshold - The threshold of audibility in the presence of masking noise. 
Audiogram - An audiogram is a graphical depiction of an individual's hearing threshold 

against a reference standard of hearing sensitivity.2 It may be used to detect and document PTS 
and TTS. 

Within a population, one can expect varying levels of hearing sensitivity, thresholds, 
masking sensitivity, etc. depending upon each individual's past noise exposure, trauma, medical 
factors, etc. 

As to audibility, the literature3 indicates that a signal needs to exceed the masked thresholds 
within at least one 1/3 octave band by at least 10 dB in order to attract attention. However, even 
with this criteria, there is no guarantee that an individual will act upon the signal, as other 
activities may cause the individual to block out auditory information (e.g., through extreme 
concentration or preoccupation with a task). Other literature in this area recommend alarm levels 
exceed masked thresholds by at least 13 dB in at least two 1/3 octave bands to ensure a high 
reliability of detection (see Section 5.2). 

Throughout this document, we will be using the terms "third octave band" or "1/3 octave 
band;" these terms are interchangeable, and describe a particular method by which acoustic 
signals (e.g., noises), are represented as a function of frequency. A third octave band is a 
subdivision of an octave band: An octave band is defined by any two frequencies whose ratio is 
2. The center frequencies (the nominal position along the frequency axis where the band is 
located) and bandwidths (the lower and upper limits of the frequencies within the band) are 
defined by standards, and are listed for informative purposes in Table 1.1. Through the use of 
spectral analyzers, an acoustic signal may be decomposed into constituent components per unit 
frequency (e.g., dB/Hz, where Hz is the unit of frequency measure, cycles per second). When the 
frequency content of a signal is analyzed in third octave bands, all of the energy within each 
band is summed to yield a single representative value for the entire band (e.g., dB/band). One 
critical aspect of octave and third octave bands is that their bandwidths are not constant. 
Specifically, the bandwidth of the octave bands (and hence the number of unit frequencies within 
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the band) increases with increasing center frequency. For example, the bandwidth of the 2000 Hz 
third octave band is 10 times the bandwidth of the 200 Hz third octave band. 

Table 1.1 - Octave and third octave center frequencies and bandwidths. Hz 
Center 1/3 octave Full octave Center 1/3 octave , 

Full octave frequency bandwidth bandwidth frequency bandwidth bandwidth 
100 23 

bandwidth 

125 29 88 1250 290 
160 37 1600 371 
200 46 2000 463 1414 
250 58 177 2500 579 
315 73 3150 730 
400 93 4000 926 2828 
500 116 354 5000 1158 
630 146 6300 1459 
800 185 8000 1853 5657 
1000 232 707 10000 2316 

1.3 Document Structure 

This document is structured as follows: Section 2 presents our evaluation of the current CAS 
methodology, our proposed alternatives, a discussion of impact assessment for portable 
equipment, and our alternatives for performing alarm level and background noise level surveys. 
These subjects are grouped together because of commonality in their issues. Section 3 addresses 
the various measurement activities of the project. Section 4 presents an example of how the 
results of this work might be used. Section 5 presents the results of our literature survey. Section 
6 summarizes our findings and conclusions. Our testing procedures and instrumentation are 
documented in the appendices. 
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2 CAS Evaluation, Alternatives, Impact Prediction and Level Surveys 
The subject matter in this section is grouped here because of commonalties in underlying 

issues of audibility, measurement methods, impact assessment, etc. We first present our 
evaluation of the current CAS audibility testing practice and alternatives to that current practice. 
We then discuss the feasibility of quantitatively predicting or assessing the impact of portable 
equipment on audibility. Finally, we present a brief plan for performing an alarm level and 
background noise level survey. 

2.1 Evaluation of Current Practice 

WSRC procedure TP 221-FAC-1503 requires that the CAS alarm signal be "clearly audible" 
in each of the individually tested work spaces. Multiple verification teams (typically 5) of two 
individuals per team are required to survey the facility. Depending on the work space, one CAS 
verification team member may wear a fresh air hood or plastic suit and the second wear a 
respirator. This is performed in areas where radiological conditions may require either of these 
devices for respiratory protection. 

We note the following: 
1) Our measurements of the NIM bells' power output yielded approximately 113 dBA. 
2) In a hard-walled, lightly damped room (a common room environment in the subject 

facility), the A-weighted sound pressure level produced by an alarm bell can be 
expected to produce a sound pressure level exceeding 100 dBA or more, conceivably 
even 110 dBA or more. 

3) In the absence of hearing protection, a 90 dB noise can induce a 10 dB TTS within 7 
minutes; a 100 dB noise can induce a 10 dB TTS within 3 minutes; a 110 dB noise can 
induce a 10 dB TTS within 1.5 minutes. 4 

4) During a survey, the CAS sounds continuously until the entire facility has been 
surveyed, with the duration of the survey being from 3 to 8 hours. 5 

Given the duration of the test and the power output of the bells, it is quite likely that the CAS 
verification team members experience continuously increasing TTS of significant levels 
throughout the duration of a survey, such that their ability to perceive the alarm bells degrades 
continuously throughout a survey. Even with hearing protection of typical NRR values, the team 
members will probably still experience some TTS. Note that evidence for TTS during and 
following a survey has been obtained anecdotally through conversation with an WSRC employee 
who has participated in such surveys. The individual stated that their ears were ringing (tinnitus) 
at the completion of the survey. It was also related to us that team members have commented on 
experiencing ringing in their ears during the survey. Ringing in the ears during and following 
noise exposure is a classic symptom of the individual having suffered a TTS. Also, the ringing 
may be coincident with the sound spectra of the bells, which may make an individual uncertain 
as to whether they are hearing the bells, or simply the ringing in their ears. 

Further, the use of HPDs throughout a survey, with such HPDs in place during an audibility 
determination, unless such hearing protection is normally required in a subject space, is not 
representative of the acoustic environment to which an individual would be exposed during an 
actual CAS event in the absence of HPDs. As noted in Section 5, HPDs can improve alarm 
audibility in normal hearing individuals, while reducing alarm audibility for high-frequency 
hearing impaired individuals. Therefore, the use of HPDs during a CAS survey is in truth only 
demonstrating audibility with HPDs. 
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We further note that each survey uses different operators with presumably different ages and 
unique hearing thresholds. Individuals of different ages and past noise exposure will not have 
the same hearing sensitivity. In the absence of traumatic hearing loss, the hearing of someone of 
age 20 is significantly better than someone of age 60 as a consequence of natural age-related 
deterioration in hearing, and as a consequence of the older individual having a longer exposure to 
potentially damaging occupational and environmental noises. 

In light of the above considerations, we conclude the following: 
1) Repeatable audibility assessments are not possible when the test procedure and 

environment leads to TTS in the verification team members, as each team member will 
respond differently based on the current state of hearing, past noise exposure, age, etc. 

2 ) Repeatable audibility assessments are not possible when each verification team 
member will likely suffer increasing levels of TTS throughout the duration of the test, 
such that workspaces surveyed later in a survey may "fail" audibility, even though the 
alarm would have passed if surveyed earlier during the test. 

3) Repeatable audibility assessments are not possible when the total duration of the 
survey, and hence the noise exposure of the team members, is not constant from survey 
to survey (less TTS in a survey that lasts only 3 hours, more TTS in a survey that lasts 
8 hours). 

4) Repeatable audibility assessments are not possible when different workers of different 
hearing thresholds, frequency sensitivity, etc. are employed to perform the test. 

5) HPD use during audibility determination will yield non-representative results, unless 
such HPDs are part of the normally required PPC in a space. 

2.2 Alternative CAS Audibility Testing Procedures 

Fundamentally, there are only two approaches to the determination of 'audibility:' 
1) Subjective assessment through the use of human subjects, 
2) Objective assessment of measured levels against an accepted audibility model. 

The six alternatives to the current CAS audibility methodology that we have developed 
devolve to variations on how one chooses to implement these approaches. 

The following three sections briefly discuss some general considerations related to hearing 
threshold, and objective audibility assessments. Thereafter, we present our alternative CAS 
audibility testing procedures. 

Of the following considerations and alternatives, we recommend an objective assessment 
method based on the use of SLMs at a limited number of measurement points (Sections 2.2.3 and 
2.2.4) and a computer model of human hearing with a defined objective criteria for audibility 
(Section 2.2.2). 

2.2.1 Considerations on Hearing Thresholds 

When dealing with human subjects, one must address the question as to what percentage of 
the subject population is expected to perceive a given signal as audible. It may not be possible to 
insure 100% audibility in all subjects given the variation in individual hearing thresholds. 
Indeed, a sound level tailored to be audible to someone of significant hearing impairment may 
cause hearing damage to an individual of normal hearing. For both subjective and objective 
testing methodologies, WSRC must make a conscious decision as to what is an acceptable 
standard for the hearing threshold of the exposed workers. If WSRC proceeds with subjective 
testing, then WSRC will need to ensure that the CAS survey members have acceptable hearing 
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thresholds compared to the chosen criteria. With objective testing, the chosen threshold criteria 
would need to be incorporated into a computation human hearing model, as discussed in the 
following section. 

2.2.2 Considerations on Objective Audibility Assessment 

If WSRC is to employ an objective assessment, the assessment method must be 
representative of the state of knowledge of human hearing, including such aspects as masking, 
critical bands, thresholds, and detectability. Figure 2.1 depicts the sort of data that will need to 
be provided to an audibility computer program. It also depicts that in addition to assessing 
audibility, such a program could also be used to determine what level of background noise would 
render an alarm inaudible. This information regarding inaudibility is potentially very valuable in 
assessing the need for compensatory measures related to the use of portable equipment (see 
Section 2.3). 

1/3 octave 
background noise 

level and alarm level 
spectra 

Hearing threshold 
data, actual 

employees or 
population 

representative 

1/3 octave Insertion 
Loss data for Personal 

Protective Clothing 
few few Hearing Model w Hearing Model 

Figure 2.1 - Acoustic inputs to an alarm-audibility program 

Another aspect of objective CAS survey methods is the need to maintain a database that 
defines the locations, levels, protective clothing in use, etc. for each and every measurement 
point within the facility. The survey procedures must define clearly the locations of 
measurement points, such that data may be unambiguously associated with specific locations 
within the facility. Preferably, this functionality would be integrated with the hearing model. 

In the course of our literature survey (Section 5), we discovered the existence of a 
commercially available software package, called DETECTSOUND, that implements the required 
features for a human hearing model-based alarm-audibility prediction program. We obtained an 
evaluation copy of the software. The current version is DOS based, with a command-line driven 
interface, and all data must be hand-entered. The capabilities embodied in DETECTSOUND are 
of the sort required for objective audibility assessment, but use of the current version would be 
very labor intensive. It may be possible to reverse-engineer the DETECSOUND data base, 
which would then permit us to write an external processor to translate data from the SLM spectra 
into the proper format for the DETECTSOUND code. We have not performed a detailed 
assessment of the feasibility of such reverse-engineering. We contacted an author of the 
DETECTSOUND code (Dr. Chantal Laroche, University of Ottawa) regarding the feasibility of 
upgrading its interface and data base capabilities, but we have not received a definitive answer as 
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of the time of this writing. Dr. Laroche has expressed interest and ability to perform such 
modifications, but their appears to be some question of ownership to the source code caused in 
part by the death of one of the other original authors. As an alternative approach, we have 
identified a capability within the Georgia Tech Research Institute to develop a code similar to 
DETECTSOUND. 

With respect to the current art of predictive alarm audibility (Section 5.2), we recommend 
that WSRC adopt a criteria of audibility defined as alarm levels exceeding masked threshold 
levels by at least 13 dB in at least two 1/3 octave bands. As the masked thresholds are a function 
of individual hearing thresholds, WSRC will need to establish a criteria for the reference 
threshold for use in this manner. We can assist WSRC in the discussion and establishment of this 
threshold criteria. 

2.2.3 Justification for Limited Scope Objective Testing Approach 
If WSRC accepts the validity of objective audibility assessment, then there is a significant 

potential for reducing the effort required to perform such an assessment. This potential applies to 
any of the objective alternatives presented below, which is why we discuss it here. The effort 
reduction would be realized by acquiring sound level data only near the sounding bells, and 
comparing those levels to a prior 'baseline' level that was deemed to yield audible conditions 
throughout the facility. An initial detailed survey would need to be performed, however. The 
basis for this approach is as follows: 

l )The sound power output of the bells and the construction detail of affected rooms 
determine the alarm levels within the rooms. 

2) A measurement near to a bell establishes a reference level for that bell as a sound source 
in that room and adjacent affected rooms. 

3) If the sound power output of the bells, substantiated by measurements at reference 
positions near the bells, remains constant from one survey to the next, and the gross 
configuration details of the rooms remains unchanged from one survey to the next (e.g., no 
new walls), then the alarm levels within the rooms will remain constant from one survey 
to the next. 

4) If there are no new noise sources added to a space from survey to survey, then the ambient 
noise levels will remain constant from survey to survey. 

5) If, given set of baseline measurements at selected reference positions near the bells for 
which the rooms are deemed audible by some means (e.g., from a detailed objective 
survey), then so long as in subsequent surveys the bell levels achieve the same levels at 
the reference points (within some tolerance) as the prior baseline then the alarm levels in 
adjacent rooms can reasonably be expected to be at their prior audible levels. 

The above considerations would permit WSRC to perform its CAS testing, once a detailed 
objective baseline audibility demonstration has been performed, by objective measurements at 
locations only near the installed bells, instead of throughout the facility. This methodology 
would require, however, that WSRC implement acoustic configuration controls for the facility. 
Acoustic configuration controls would entail tracking facility changes and making assessments 
as to whether re-baselining of either the ambient noise levels or alarm levels would be required. 
Alarm level re-baselining would be required if significant structural changes are made, e.g., the 
installation of new walls, employee enclosures, dropped ceilings, etc., and would only need to be 
conducted in the immediately vicinity of the change. Ambient noise level re-baselining would be 
required if significant new noise sources are added to a space. With the objective alarm level and 
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noise level data in hand, application of the human hearing model may then be made to assess 
audibility according to the criteria described in the previous section. This determination may be 
made at any time after the initial detailed survey, and may be used to such purposes as assessing 
the need for compensatory measures. 

If third octave sound pressure measurements at a given bell's reference position falls below 
some threshold, then replacement of the bell would be indicated with subsequent re-testing, but 
only at the reference locations. 

2.2.4 Objective Survey: Commercial SLM Instruments and Hearing Model 
This option entails the use of available Sound Level Meters to record third octave data at a 

discrete points within individual workspaces. After the survey, the spectra are downloaded from 
the SLMs and then compared against a standard of audibility through the use of an audibility 
assessment program. 

We recommend that WSRC adopt this alternative. Further, we recommend that WSRC adopt 
this alternative in the context of Section 2.2.3, such that after completion of an initial, baseline, 
'proof of audibility' survey, subsequent surveys be performed based on measurements solely in 
the immediate vicinity of the sounding bells. 

In the initial detailed survey there may be some time efficiency gains in the survey itself with 
this approach, as only a single individual per room would be required to acquire the spectra. But, 
the time gains will be obtainable only if WSRC acquires sufficient SLMs to permit more smaller 
teams-on-task than currently. As compared to walking the perimeter of a room, a survey with an 
SLM will take an incrementally longer time, as the operator will need to stop at certain positions, 
operate the SLM to acquire a suitable spectra (e.g., a 30 second average reading), and then 
proceed to the next point. 

Once the detailed proof of audibility survey has been completed (e.g., as described in Section 
2.4), there will be substantial reduction in effort for subsequent surveys as measurements will 
need be taken only in the vicinity of the bells, dramatically reducing the number of sample 
points. 

Note that while the DETECTSOUND code is currently available, our analysis of its ease of 
use on the scale we contemplate here indicates serious deficiencies. Its current implementation 
would require extensive hand-entry of data. The major uncertainty in the cost estimate for this 
alternative, presented below, is associated with developing a suitable hearing model computer 
program that supports the extensive data base access and ease of use that is anticipated for it. 
Further discussion of this point may be found in Section 2.2.2. 

The following define the component requirements, relative advantages and disadvantages, 
implementation actions, and costs for this alternative. 

Requirements: 
1) Data-logging SLM instruments. 
2) PC with SLM download cables and software, database management software. 
3) DETECTSOUND or equivalent. 

Advantages: 

1) Elimination of subjective variation caused by TTS and different hearing sensitivities of 
CAS verification team members. 
2) Third octave spectra are acquired and stored without need for subsequent post­
processing. 
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