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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document'may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 146, Air quality, Subcominittee SC 3,
Ambient atmospheres.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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ction

The objective of this document is to provide road tunnel owners and operators with standard methods
for checking and calibrating instruments used in road tunnels to continuously monitor air speed,

carbon mon

oxide (CO), nitric oxide (NO) and nitrogen dioxide (NO,) concentrations and visibility.

Data from these instruments enables tunnel operators to manage the ventilation system in real time or
to take emergency measures (e.g. closure to traffic).

This document has been developed as a performance-based standard that allows for use of a number

of direct-reg

ding instruments Statements expressed in mandatory terms in notes to tahles and figures

are deemed

In order to i

tunnels are
number of t

Road tunnel
authorities {

NO, and vis
oxides assu
increased p

tunnel ventilation system is controlled to:

a) reduce £O and NO, concentrations within the tunnel envirenment to enable conformance wif
tunnel gir quality criteria for various averaging periods;

b) preventor reduce portal emissions and resultant envitonmental impacts;

c) ensure gippropriate visibility for different tunnel operating conditions; and

d) control[smoke and improve the self-rescué-time and security of tunnel users in emerg
situatiops such as fires.

Conformande with in-tunnel air quality eriteria is typically determined by averaging measured C(

measured o
paths throu

The number
on a numbel

a) tunnell

b) volume

<)

exhaust

to be requirements of this document.

mprove traffic flow in central business districts and through sensitive environthents,
increasingly used throughout the world to achieve the desired outcomes. Thére are a
innels in operation, with a number of others in the planning stages.

projects are subject to environmental and/or planning approval conditions by regul
hat specify the parameters to be monitored in-tunnel, typically ineluding air speed, CC
ibility, with NO measured as a surrogate for NO,, with, historically; 10 % of total nity
med to be NO,. However, this assumption is no longer considered appropriate, give
Foportion of diesel fuelled vehicles in vehicle fleets. It can-also be a requirement thg

I estimated NO, concentrations from a number of instruments located on possible t
bhout the tunnel system:

of instruments reguired to adequately characterise the tunnel environment is depe
" of factors, including:

ength and ndmber of gradient changes and entry and exit ramps;
of traffic:and types of vehicles;

ventilation system flowrate and control regime; and

road
arge

itory
,NO,
ogen
n the
t the

h in-

ency

and
ravel

1dent

d) regulatory requirements.

Consequently, this aspect is not addressed in this document. It is noted, however, that computational
fluid dynamics modelling can be used as a design tool to assist in the placement of instruments,
ensuring that indicative maximum and average concentrations are measured.

Vi
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Measurement of road tunnel air quality

1 Scope

This document describes methods for determining air speed and flow direction, CO, NO and NO,
concentrations and visibility in road tunnels using direct-reading instruments. This document
specifically excludes requirements relating to instrument conformance testing.

2 Normative references

The following documents are referred to in the text in such a way that someg’or all of their content
consfitutes requirements of this document. For dated references, only theedition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

[SO 8802, Industrial fans — Performance testing in situ
ISO 8145, Gas analysis — Preparation of calibration gas mixtures using dynamic methods

ISO 10780, Stationary source emissions — Measurement of vélocity and volume flowrate oflgas streams
in ducts

ISO/1EC Guide 98-3, Uncertainty of measurement —_Pdrt 3: Guide to the expression of uncertainty in
meagurement (GUM:1995)

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratoriges

3 Terms and definitions
For the purposes of this document, the’following terms and definitions apply.
[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediasavailable at http://www.electropedia.org/

3.1
calihration
set of operatiens that establish, under specified conditions, the relationship between the value indicated
by a measuring instrument and the corresponding known value of a reference standard

3.2
certified reference material

reference material, characterized by a metrologically valid procedure for one or more specified
properties, accompanied by a reference material certificate that provides the value of the specified
property, its associated uncertainty, and a statement of metrological traceability

3.3
check
confirmation of acceptable instrument response, without adjustment

3.4

fall time

time interval, after a step decrease in input concentration, between initial instrument response and
10 % of initial instrument response

© IS0 2021 - All rights reserved 1
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3.5
full scale
FS

:2021(E)

nominated maximum concentration for which an instrument has been calibrated

Note 1 to entry: The full scale (FS) is selected to cover the normal range of values expected in the sampling
environment.

3.6
interferenc

e equivalent

positive or negative instrument response caused by a substance other than the one being measured

3.7
linearity
deviation off
atmosphere

3.8

lower deted
minimum p
standard de

Note 1 to ent

3.9
parameter

one of the characteristics related to an air sample

EXAMPLE

3.10
ppm
parts per m
ratio expresg

Note 1 to enty
it is one milli
which it is co

3.11

precision
variation ab
instrument,

3.12
range

an instrument’s output from a linear best fit line when subjected to varying réferencg
5

table limit
ollutant concentration that produces a signal of exactly threectimies the repeata
viation

Fy: See ISO 5725-1.

Concentration of pollutant or other quantifiable property (e.g. air speed).

llion
sing the volume of gaseous pollutant’contained in 1 000 000 volumes of atmosphere

y: Itmay be expressed in terms @f millilitres per cubic metre as the values are identical. Alternat
pn times the ratio of the partial'pressure of gaseous pollutant to the pressure of the atmosph
htained.

out the mean of\repeated measurements of the same pollutant concentration on the
expressed as‘ene standard deviation about the mean

nominal mitllimum and maximum concentrations that a method is capable of measuring

e test

hility

ively,
bre in

bame

Note 1 to entry: The nominal range is specified by the lower and upper range limits in concentration units, e.g. 0

to 250 ppm.
3.13

reference test atmosphere
test atmosphere containing a known concentration of pollutant, typically generated by diluting the
contents of a cylinder containing a gaseous certified reference material (3.2)

3.14
rise time

time interval, after a step increase in input concentration, between the instrument initial response and
90 % of the final instrument response

© ISO 2021 - All rights reserved
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3.15
road tunnel
any fully enclosed length of roadway with a minimum length ranging between 90 m and 150 m

EXAMPLE National Fire Protection Association and UK Design Manual for Roads and Bridges.

3.16

span drift

percentage change in the instrument response to an on-scale pollutant concentration over a period of
continuous unadjusted operation

3.17
Ugs
meagurement of expanded uncertainty at a confidence interval of 95 % according to ISQ/JEC Guide 98-3

3.18
zero|air
air fiee from contaminants likely to cause a detectable response on the testinstrument

3.19
zero|drift
chanjge in the instrument response to a zero-pollutant concentration over a period off continuous
unadjusted operation

o

Test parameter — Air speed and flow direction

4.1 | General

Clause 4 describes continuous, direct-reading instfuments for determining air speed and flpw direction
in road tunnels. Providing the instrument performance is within the specifications given in Table 1,
alternate methods may be used within the context of this document.

4.2 | Principle

Air dpeed and flow direction(in®modern road tunnels are typically measured using ultfasonic flow
sensQrs.

Ultrgsonic sensor systems are based on the principle that the speed of air movement changes the transit
time|of a sound pulselagross a fixed distance, allowing calculation of the air speed and determination of
flow|direction.

Instrijument outputs may be used to control mechanical ventilation in a tunnel during both|routine and
emeigency-@peration.

The measurement of flow in road tunnels is important for emergency operation (e.g. yehicle fire),
e tha contenl of o1 £l o, ooy chthat flinne arn no +dicnarca dintha tiinna leobo Tha oL

enab IS tHCCoTIer O UtToitt 110Uvy SutIt LAAuL TUIICS ar C ot aropTrosct H-tRe-tuhher \,uu\, T C1T lce Of Cross

section or single point air flow measurements for this purpose is dependent on local technical practices.

Air flow measurement can also be important for the management of mechanical ventilation, either to
dilute pollutants, or to control the atmospheric discharges at the portals.

Ultrasonic sensors are either open path or single point instruments, installed at various locations along
the tunnel length, including portals and exit ramps.

Open path ultrasonic flow sensors measure the average value over the tunnel width, with transceiver
pairs installed on opposing walls at an angle of 45° to 60° to the tunnel axis. In order to eliminate
potential measurement errors caused by variations in ultrasonic sound speed due to temperature and
pressure, the transceiver units shall be installed on each side of the tunnel wall, with the transit time
measured in both directions.

© IS0 2021 - All rights reserved 3
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Single point ultrasonic flow sensors use the same measurement principle as open path sensors,
measuring changes in the transit time of a sound pulse across a fixed distance, but in this case the
distance evaluated is within the instrument casing.

NOTE Open path ultrasonic flow sensors are typically located high on tunnel walls; consequently, it is
possible that the measured air speed is not representative of the average speed for the overall tunnel cross-
section. Similarly, single point ultrasonic flow sensors measure air speed close to the tunnel wall (or ceiling) and
nearer the pavement, consequently it is possible that the measured air speed is not representative of the average
speed for the tunnel cross-section, with the added potential, under normal operating conditions, for increased
error due to turbulence created by vehicular traffic.

4.3 Apparatus

4.3.1 Insfrument

A continuoys direct-reading instrument that meets or exceeds the specifications given in Tahle 1.
The manufgcturer’s published performance specifications shall be deemed as acceptable evidence of
conformancg to the given requirements, if accompanied by a statement of measurement uncertainty
issued by an organization that meets the requirements of ISO/IEC 17025.

Table 1 — Instrument performance specifications for tunnel air speed systems

Parameter Minimum regquirements
Range (-20%0.20) m/s
Expanded measurement uncertainty 2 % ofreading or 0,2 m/s?
Resolution <0,1m/s

a2 Whichever is the greater.

4.3.2 Reference path length measurement device (open path instruments only)

A metrologigally traceable reference path length:measurement device with an uncertainty of 0,5 % YU is
required to make an accurate determination‘of the path length. The reference path length measurement
device shall[be checked over a path length.of at least the instrument measurement path length.

Organizatiohs performing the tests outlined in this clause shall meet the requirements of ISO/IEC 17025.

4.3.3 Trapsfer standard flow)sensor

A metrologifally traceablé\hand-held vane or hot-wire anemometer, or equivalent, of similar or hjgher
specification to the airispeed sensor, with an uncertainty of 2 % Ugy; is required to check the operption
of air speed|sensors{The transfer standard flow sensor shall be calibrated over a range exceeding the
maximum ajr flow'experienced in the tunnel.

Organizatioh§performing the tests outlined in this clause shall meet the requirements of ISO/IEC 17025.

4.4 Procedure
The procedure shall be as follows:

a) For open path ultrasonic flow sensors, ensure that the transceivers are installed such that the path
for the sonic pulse is unimpeded by tunnel equipment or other obstructions, including vehicular
traffic, whilst allowing ease of access for instrument maintenance and calibration.

b) For open path ultrasonic flow sensors check instrument horizontal and vertical alignment and
beam angle, in accordance with the manufacturer’s instructions.

c) For open path ultrasonic flow sensors, accurately measure and record the distance between the
transceivers using a reference path length measurement device (4.3.2).

4 © IS0 2021 - All rights reserved
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d) Set up the instrument and carry out initial checks in accordance with the manufacturer’s
instructions (e.g. setting the path length, configuring and scaling of analogue outputs, setting of
alarm values and level of damping) and the requirements of 4.5.

e) Take measurements in accordance with the manufacturer’s instructions and ensure that the values
obtained relate to the correct date and time.

4.5 Instrument checks and calibrations

4.5.1 General

Califration of an instrument establishes the quantitative relationship between the air speed and the
instrument’s response.

Instrijument checks and calibrations shall be carried out in accordance with the frequenciesispecified by
the equipment manufacturer and in accordance with Table 2.

In addition, operational precision checks shall be carried out as follows:

a) IPrior to decommissioning or physical relocation of the instrument;if'operational.
b) Following physical relocation of the instrument.

c) After any repairs that might affect the instrument’s respénse.

d) Upon any indication of an instrument malfunction<er change in response that may cause the
instrument to drift by more than the values given.in/Table 2.

NOTE 1  The air flow and direction monitor can incetrporate an automatic daily zero and span check function
for daily quality control and assurance purposes.

NOTE 2  Checks and calibrations specified in‘this section can be omitted if the air flow measuring instrument
provides proven equivalent self-test functionsi(e.g. read back of analogue or digital outputs).

4.5.1 Measurement path length' (open path instruments only)

The [measurement path length)for open path ultrasonic flow sensors is normally defined as the
distdnce between the faces ef/opposing transceiver units, however, this should be confirmed with the
manfifacturer. The measurement path length shall be determined upon installation (see Tdble 2) using
areference distance measurement device as described in 4.3.2.

A check of the measurement path length shall also be conducted whenever an open path| instrument
is renstalled follewing maintenance or repair, if the maintenance or repair could result inf a change of
meagurement\path length.

4.5.3 ~Initial check

Conduct an initial check on the ultrasonic flow sensor prior to road tunnel opening using a collocated
transfer standard (CTS) method at a minimum of three air velocities (if technically feasible) evenly
spread over the tunnel design operational range.

For open path ultrasonic flow sensors, measurements shall be taken at a minimum of two points per
trafficable lane over the measurement path. For a single point ultrasonic flow sensor, the CTS needs to
be within 1 m of the subject sensor in the horizontal and 0,5 m in the vertical, but the same distance
from the tunnel wall.

The CTS method requires a calibrated hand-held vane or hot-wire anemometer, or equivalent, of similar
or higher specification to the ultrasonic flow sensor, located in the vicinity of the measurement path for
the sensor being assessed.

© IS0 2021 - All rights reserved 5
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For both single point and open path ultrasonic flow sensors it is important to site the CTS to be
representative of the air flow at the subject sensor, without interfering with either instrument’s

response.

The procedure shall be as follows:

Ensure that the CTS is oriented such that the reading is obtained in the direction of air flow.

Connect the CTS to an independent data logger. Once the air speed has stabilised, record check data

for a period of not less than 5 min. Simultaneously record the response from the in-situ sensor over
the same period.

the recorded data over the selected period, and, if applicable, across all CTS measuxe
Calculate the difference between the in-situ sensor and CTS average readings.

hat the difference conforms to the tolerance given in Table 2. If the result is not'withi

prescrilbbed tolerance, review siting and site-specific issues, conduct repairs and/or instru

a)

b)

c) Averagg
points.

d) Checkt
calibrat]
tolerang

4.54 Cro

A correlatio
system flow

If required,
after the ini

The total v
cross-sectio|
using a cal
specificatio}

In this insta
dependent g
the tracer g
described in
the cross-se

Measureme
instrument
that the cor
outputin an

4.5.5 Zer

ions as required and repeat the above procedure until compliance-with the speq
e is indicated.

ks-section calibration

h may also be required between the ultrasonic flow sensor-output and the total ventil
rate, in order to obtain a factor or algorithm for use in the tunnel ventilation control sy:

the cross-section calibration shall be performed following instrument commissioning
Fial check (4.5.3) has been conducted.

ntilation system flowrate may be determined\by measuring air speeds across the ty

, at approximately the same tunnel longittidinal position as the ultrasonic flow se
ibrated hand-held vane or hot-wire anemometer, or equivalent, of similar or h
1 to the ultrasonic flow sensor.

nce, the number and location of measurement points across the tunnel cross-section wj
n the hydraulic diameter and shape of the tunnel cross-section. Methods typically use
hs method, the equal area method described in ISO 10780 and the Log-Tchebycheff mq
ANSI/ASHRAE Standard'41.2 and ISO 5802. The average measured speed is multipli
ctional area in order to ealculate the total ventilation system flowrate.

nt of the total ventilation system flowrate does not preclude the need to check the a
response in acegtdance with the procedure described above. It should also be recogi
relation detefmined between total ventilation system flowrate and ultrasonic flow sq
empty tunirel may not reflect what occurs in an operational tunnel.

b check

If a zero-air

ment

n the

ment
ified

htion
tem.

r and

innel
nsor,
gher

ill be
d are
thod
ed by

ctual
nised
nsor

flow environment can he attained the zero response of the ultrasonic flow sensor sh

1l be

checked on a yearly basis, in accordance with the manufacturer’s instructions.

For single point sensors this can be readily achieved by enclosing the sensor in a box which isolates it
from any draughts.

Check that the zero response is within the tolerance given in Table 2. If the result is not within the
tolerance, conduct repairs and/or instrument calibrations as required and repeat the procedure until
the zero response is within the tolerance.

4.5.6 System component check

Cables, recorders, signal conditioning and data processing devices can corrupt the sensor’s output.
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A system component check shall be conducted on a yearly basis to ensure the transmitted sensor output
matches that received at the data recording device. For example, if the ultrasonic flow sensor gives
a 20 mA output with an air speed of 20 m/s, then apply a 20 mA signal to the system to confirm that

20 m/s is indicated at the data recording device.

Check that the response is within the tolerance given in Table 2. If the response is not within the
tolerance, conduct repairs and/or instrument calibrations as required and repeat the procedure until

the response is within the tolerance.

4.5.7 Operational precision check

An operational precision check shall be conducted on the ultrasonic flow sensor on a yearly basis using

the TS method at a minimum of one air speed, and, for open path ultrasonic flow sensors

a minimum

of thiree equally spaced points over the measurement path. For a single point ultrasonicfloy sensor, the
CTS shall be within 1 m of the subject sensor in the horizontal and 0,5 m in the vertical, Qut the same

distgnce from the tunnel wall.

The
simillar or higher specification to the ultrasonic flow sensor, located in the_.same horizontal
meagurement path for the sensor being assessed.

The fransfer standard sensor shall be routinely calibrated by a recognized external author
the TS is traceable to required reference standards. This calibfation shall be evidenced by

TS method requires a calibrated hand-held vane or hot-wire anememeter, or equivalent, of

plane as the

ty such that
h calibration

certificate which states the sensitivity of the device by a procedure which establishes tradeability to a
recognized standard and for which a measurement uncertainty is given at a stated level of confidence,

and the period during which the calibration is valid.

For both single point and open path ultrasonic flow sensors it is important to site th

b CTS to be

representative of the air flow at the subject sensor, without interfering with either instrument’s

response.

The procedure shall be as follows:
nsure that the CTS is oriented such that the reading is obtained in the direction of air

onnect the CTS to an independent data logger. Record check data for a sufficient
emonstrates a stable respense. Simultaneously record the response from the in-situ
the same period.

flow.

period that
sensor over

c) Average the recorded data over the selected period, and, if applicable, across th¢ three CTS

measurement points. Calculate the difference between the in-situ sensor and CTS averalge readings.

d) Check that the difference conforms to the tolerance given in Table 2. If the result is ndt within the

prescribed/tolerance, conduct repairs and/or instrument calibrations as required an
dboveprocedure until compliance with the specified tolerance is indicated.

] repeat the

ystems
Parameter Criterion Frequency
Measurement path length +0,5% InitialP
Initial check 2 % of reading or = 0,2 m/s? Initial
Zero check +0,2m/s <12 months
System component check +0,2%FS <12 months
Operational precision check 6 % of reading or = 0,3 m/s? < 12 months

a2 Whichever is the greater.

b And after maintenance or repair (if this could result in a change to measurement path length)

A detailed log of all performance checks and calibration undertaken shall be maintained.
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4.6 Maintenance

4.6.1 General

Maintenance should be carried out in accordance with the frequencies specified in Table 3.

Manufactur

ers may require additional procedures.

A detailed log of all performance checks and maintenance undertaken shall be maintained and retained
with the initial check air speed and flow direction data.

The maintenance reglme recommended in thls clause is for preventlve maintenance, Wlth the

claims reg
deemed as
equipment 1

NOTE Cq
that these sy

4.6.2 On

Maintenanc
examinatior
results of sy

needed to syipport data validity claims.

Routine ma
transceiver
not exceed
accordance

Compressed

When estab

site checks

acceptable if accompanied by a certificate issued from an organization other thai
hanufacturer that meets the requirements of ISO/IEC 17025.

ndition based maintenance or predictive maintenance can be used as alternative regimes,
stems determine differing maintenance components and frequencies.

e should be carried out in accordance with the frequenci€s specified in Table 3. V|
| of the ultrasonic flow sensors should be conducted op-a_six-monthly basis. A log g
ch checks shall be maintained, with routine entries providing the evidence of attend

Table 3 — Routine maintenance for tunnel air speed systems

Maintenance component Frequency

< 6-months
< 12-months
< 12-months

Dependent on manufacturer’s specifications and how quickly the sensor
gets dirty.

Visual inspection

Sensor cleaning?

Alignment check

a

ntenance may include ‘the removal of dirt, bird nests and cobwebs and the checki
alignment. The majritenance interval is dependent on air quality in the tunnel, but s}
12 months. Care.should be taken when cleaning ultrasonic flow sensor componen
with manufacturer’s recommendations.

air shouldinot be used for cleaning ultrasonic flow sensor components.

ishinga-schedule for on-site checks the following should be considered:

hf~eollected data will indicate how the sensor is performing (e.g. control chart as

civen

isual
f the
ance

hg of
jould
s, in

per

Y
=1):

Faults may be indicated by an incorrect zero, an unstable instrument response (which may be

evident at low air velocities), low sensitivity (at low air velocities) and low variability of the

a) A plot
[SO 787
b)
recorde
c)

d air velocities.

Data inter-comparisons between other sensors located within the tunnel.

4.7 Calculation and expression of results

Results shall be expressed in units of metres per second. The positive or negative sign of the speed,
with respect to traffic flow or portal flow, shall be clearly defined in the report.
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4.8 Measurement uncertainty

The measurement uncertainty of this method will vary for each installation. Factors affecting the
overall uncertainty include how representative the ultrasonic flow sensor output is of the tunnel cross
sectional area.

As a guide, measurement uncertainties for air speeds corresponding to the greater of + 0,2 m/s or 2 %
of reading can be achieved using modern equipment. In all cases, the measurement uncertainty shall be

determined based on individual laboratory practices.

NOTE

A suitable method for calculating measurement uncertainty can be found in ISO/IEC Gui

de 98-3.

9]}

N |

(I |

lau
conc

Test parameters — Carbon monoxide, nitric oxide and nitrogen dioxi

General

e 5 describes continuous, directreading instruments for determjning CO, N
bntrations in road tunnels. Providing the instrument performancé is within the sj

given in Table 4, alternate methods may be used within the context of this document.

(diffd

Othe
also

Principle

1d NO concentrations in road tunnels are typically measured using open path infra-red
bingle point electrochemical sensors. Electrochemical’'sensors are often preferred d
of installation and maintenance. One of the major purposes of monitoring CO c
ad tunnels is to detect fire situations, particularly at the beginning of an event, dur
1ation phase.

» [concentrations in road tunnels are typically measured using open path ultra-vio

rential optical absorption spectroscopy)instruments or single point electrochemical

r measurement techniques, including extractive systems and ambient air quality anj
be used provided they meet the-instrument performance specifications contained ij

e

D and NO,
ecifications

nstruments
to the low

:nfcentrations

ing the user

et or DOAS
5ensors.

hlysers, may
1 either this

docujment or other applicable standards, for example ISO 4224, ISO 7996, EN 14211 andl EN 14626.

Tunn
to be

Oper]
lengt

Unlil
retrd
glarg

The

el safety requirements relating to handling, storage and transport of compressed gas
considered.

path infra-red instriiments are based on gas filter correlation technology with measu
hs normally ranging from 3 m (6 m folded beam) to 10 m (single beam).

reflector, are typically mounted on the wall on the same side of the tunnel, preventi
impacts'on tunnel users from the light beam.

ppen’ path measurement technique for all pollutants is based on the Beer-Lambert

es also need

rement path

te ultrasonicflow sensors, the open path instrument transmitter and receiver, or trapsceiver and

ng potential

Law, which

relat

5 the absorptionmof tightasa functionof the concentrationof the absorbing species, th

characteristics of that species, and the length of the absorption path.

e absorption

The Beer-Lambert Law in this instance can be expressed mathematically as given in Formula (1):

1(A)=ly (A)e =4t ()
where
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I(A) is the measured light intensity at a specific wavelength 2;
Iy(A) is the light intensity at a specific wavelength A without any absorption;
C; is the concentration of gaseous species i;

a;(A) is the absorption cross-section at wavelength A for gaseous species i (quantifies the probabil-
ity for light absorption at each wavelength; units are m? per molecule, m2 per pg, or similar,
depending on the unit of concentration);

L is the optical path length.

An electroc(tlemical sensor consists of a capillary diffusion barrier, a hydrophobic membrang and
working and counter electrodes separated by a thin layer of electrolyte. The pollutant passés,thrpugh
the capillarly barrier, diffuses across the hydrophobic membrane and reacts at the surface of the
working eleftrode.

As the procgss is diffusion controlled, the instrument response is directly proportional to the polluitant
concentratign, in accordance with Formula (2):

R=DxFxc;xAftxe (2)

where

R is the instrument response;

D is the diffusion coefficient;

F  isthe Faraday constant;

. is the concentration of gaseous species i;
A is the membrane area;

t isthe membrane thickness;

e istlhe number of electrons.

In general, the limitations of electrochemical sensors include their response to temperature, relative
humidity apd interferent gases, however, some instruments incorporate a temperature senspr to
correct the Jnstrument response using a proprietary algorithm.

A specific limitation fel measurement of NO, using electrochemical sensors is that constant expgsure
to non-negljgible NO3 concentrations can rapidly saturate the electrolyte, requiring frequenf cell
replacement.

5.3 Apparatus

5.3.1 Instrument

The instrument is a continuous direct-reading instrument that meets the performance specifications
given in Table 4. The instrument may be used over any range within the limits of this document,
provided it has been calibrated and checked in accordance with 5.5.

The manufacturer’s published performance specifications shall be deemed as acceptable evidence of
conformance to the given requirements, if accompanied by a statement and test report of measurement
uncertainty issued by an organization that meets the requirements of ISO/IEC 17025.

Instruments can have cross sensitivities to a range of substances that may be present in road tunnels,
including the components to be measured (e.g. NO). This aspect should be considered when selecting
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equipment. An interference equivalent corresponding to less than * 0,5 % FS is a requirement of this
document for each relevant interferent gas applied to the instrument at typical concentrations present
in the tunnel atmosphere.

Table 4 — Instrument performance specifications for tunnel CO/NO/NO, systems

Parameter Cco NO NO,
Minimum range 0 to 250 ppm 0 to 30 ppm 0 to 2 ppm
Lower detectable limit 3 ppm 1 ppm 0,05 ppm
Expanded measurement uncer- | 3 ppm or 3 % of reading? 1 ppm 0,05 ppm or 5 % of
tainfy Tegding?
Resqglution 1 ppm 1 ppm 0,05 ppm
Response time:

rise <120s <120s <120s
fall <120s <120s <120s
Operfating temperature -20to 50 °C -20to 50 °C -20tp 50 °C
a  Whichever is greater.

5.3.2

Reference barometer

A mqtrologically traceable reference barometer, with an uncegtainty of 0,5 kPa Ugs, is requiired for the
calibration of any pressure transducers that form part of the’measurement system, or to [standardize
flow|through calibration cell conditions when performing:checks or calibrations of the system.

Organizations performing the tests outlined in this clause shall meet the requirements of ISQ/IEC 17025.

5.3.3

Reference thermometer

A metrologically traceable reference thermometer, with an uncertainty of 0,5 °C Uy, is reqyired for the
calibration of any temperature sensors that form part of the measurement system, or to [standardize
flow|through calibration cell conditians'when performing checks or calibrations of the system.

Organizations performing the tests-outlined in this clause shall meet the requirements of IS(/IEC 17025.

5.3.4

A md
requ

Reference path length measurement device (for open path instruments only)

trologically traceable reference distance measuring device, with an uncertainty of (,5 % Ugg, is
red to make agraccurate determination of the measurement path length for open path instruments.
The reference path-length measurement device shall be checked over a path length of|at least the
instrlument measurement path length.

Orgapnizatiehs performing the tests outlined in this clause shall meet the requirements of ISQ/IEC 17025.

5.3.5

instruments only)

path

A metrologically traceable reference distance measuring device, with an uncertainty of 0,5 % Ug;, is
required to make an accurate determination of the length of the flow through calibration cell(s) for
open path instruments. The reference path length measurement device shall be checked over a distance
of at least the longest calibration cell path length.

Organizations performing the tests outlined in this clause shall meet the requirements of ISO/IEC 17025.

© ISO
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5.4 Procedure

5.4.1 Open path instruments

The procedure shall be as follows:

a) Ensure that the transceiver and retroreflector or transmitter and receiver units are installed such
that the optical path is unimpeded by tunnel equipment or other obstructions, whilst allowing
ease of access for instrument maintenance and calibration. Shorter optical paths will improve light
levels however, they can result in higher detection limits and greater measurement uncertainty.

b) Ensure fhatthe transceiverand retroreftector or transmitter and recetver units are firmiy moynted
on mategrials with low thermal expansion to minimize alteration of the light beam alignment due to
temperdgture variations.

c) Ensurethatinstruments are not subject to excessive vibration and that the electricitysupply is stable.

d) For equipment installed at the tunnel portals or entry/exit ramps, ensure that’the optical [path
orientation is such that it avoids strong scattered radiation (e.g. sunlight) directly entering the
transcejver or receiver unit.

e) Checkthe horizontal and vertical alignments of the units.

f) Accurately measure the distance between the transceiver and/retroreflector or the transnjitter
and receiver using a reference path length measurement devige.(5.3.4).

g) Set up |the instrument and carry out initial checks iw,accordance with the manufactyrer’s
instructions (e.g. setting the path length, configuring and scaling of analogue outputs, settipg of
alarm vplues and level of damping) and the requiremeénts of 5.5.

h) Take mg¢asurements in accordance with the manufacturer’s instructions and ensure that the values
obtaine relate to the correct date and time.

NOTE Conducting the optical path alignment:under low light or dark conditions can assist when adjysting

the focus.

Where possible, optical path alignmentand focusing should be performed under temperature conditions

that approxjmate the mid-range of the expected minimum and maximum temperature range at the

monitoring |ocation.

During tunpel wall washing-or deluge testing for the fire system, caps should be installed ofp the

instrument dust protection tubes to prevent water ingress, where applicable.

5.4.2 Single pointinstruments

The procedureshall be as follows:

a) Install theequipmentsuchrthatthere s easeof access forimstrument maintemrance amdcatibration.

b) Ensure that instruments are not subject to sunlight, excessive vibration and that the electricity
supply is stable.

c) Set up the instrument and carry out initial checks in accordance with the manufacturer’s
instructions (e.g. configuring and scaling of analogue outputs, setting of alarm values and level of
damping) and the requirements of 5.5.

d) Take measurements in accordance with the manufacturer’s instructions and ensure that the values

obtained relate to the correct date and time.

During tunnel wall washing or deluge testing for the fire system, covers should be installed on the
instruments to prevent water ingress, where applicable.

12
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5.5 Instrument checks and calibrations

5.5.1 General

Calibration of an instrument establishes the quantitative relationship between the pollutant
concentration input and the instrument’s response. Only reference test atmospheres shall be used to
adjust the instrument’s output.

Instrument checks and calibrations shall be carried out in accordance with the frequencies specified by
the equipment manufacturer and in accordance with Table 5.

a) prior to decommissioning or physical relocation of the instrument, if operational;
b) following physical relocation of the instrument;
c) after any repairs that might affect the instrument’s response; and

d) ypon any indication of an instrument malfunction or change in-response that may cause the
instrument to drift by more than the values given in Table 5.

NOTH Checks and calibrations specified in this clause can be omitted if the CO, NO or N, measuring
instrpiment provides proven equivalent self-test functions (e.g. read-ba¢k of analogue or digital outputs, zero and
span cchecks).

5.5.2 Open path instruments

Open} path instruments shall be calibrated as directed by the instrument’s operation or] instruction
manfial and in accordance with the general guidafice provided here.

Based on the Beer-Lambert Law, absorptiofiis dependent on both the gas concentration ang the optical
path(length. Consequently, the light absorbed by the pollutant is a function of the tota] number of
molefcules of that gas between the transmitter and the receiver. Therefore, calibrations can gheoretically
be cdrried out at high concentrationsover short distances or relatively low concentrationg over longer
distdnces, provided that the produet of concentration times distance is constant.

Oper path instrument checks and calibrations are generally carried out utilizing relptively high
concentrations over short )distances, due to increased uncertainty at lower gas concentrations. In
addition, short calibration path lengths are easier to achieve in the field.

Instrjument span chegks and calibrations are conducted using a flow through calibration cel] attached to
the transceiver orreceiver unit, with a reference test atmosphere introduced to the cell at a I¢w flow rate.

By vqrying the humber and length of flow through calibration cells through which the light beam travels,
different gas concentrations can be simulated from the one reference test atmosphere. Alternatively,
the cphiecentration of the reference test atmosphere can be varied by using either multiple reference test
atmospheres or dilution apparatus, with only one flow through calibration cell required.

The calculated gas concentration over the measurement path is as given in Formula (3):

c. XL ¢ X(L-L
c= r C+ b ( C) (3)
L L

where
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c isthe calculated gas concentration over the optical path length, in ppm;
is the reference test atmosphere concentration, in ppm;

¢, is the background pollutant concentration, in ppm;

L. isthe calibration cell length, in m;

L  isthe measurement path length, in m.

Instrument checks and calibrations are normally conducted during tunnel closures, consequently the
second term e —htehaHow he g ertration rermally
significant 4t span gas concentrations. It may, however, become significant if there are idling-veljicles
or fuelled efjuipment operating nearby, when conducting measurements at the lower concentrations
associated yith a multipoint precision check or due to unusual environmental conditions such a$ fog.
To reduce hjgh background concentrations operation of the tunnel mechanical ventilation'system may
be necessary.

The backgri‘lund pollutant concentration is the average of the concentrations measured by the gpen-
path instrument under test immediately before and after the period of calibration.

Open-path Jnstruments should be tested during periods when pollutant’concentrations and ¢ther
optical interferences, such as fog, are relatively low and steady. Alsg;te avoid interference with the
measurements, ensure that the outlet from the flow through calibration cell is directed away from the
measuremeht path by attaching tubing to the cell exit port.

The responge of open path instruments is a function of theltotal number of molecules in the|light
path, with Jome instruments correcting the response based on measured ambient temperaturg and
pressure. For those instruments where this does not gecur, the calculated concentration should be
corrected bfised on the historical average temperature and pressure at the monitoring location fgr the
proposed pédriod between span calibrations, once th@initial span check has been completed to confirm
instrument performance for the preceding period:

c,=cxR/P,xT/T,. (4)

where

¢, isthe span gas concenfration over the optical path length, in ppm;

P, isthe historical average ambient barometric pressure for the proposed period between calibra-
tions, in kPa;

P. isthe baroniefric pressure at the time of calibration, in kPa;

T, isthe Historical average ambient temperature for the proposed period between calibratiops, in
kelyins;

T. isthe temperature at the time of calibration, in kelvins.

Alternatively, the span concentration may be referenced to standard temperature and pressure (standard
temperature and 101,3 kPa). If applicable, the method selected shall be stated in the test report.

Sealed cells containing a high concentration of the pollutant under measurement are available from
some equipment manufacturers. Sealed cells can be used to check the performance of the instrument
in the period between calibrations but shall not replace the instrument calibration requirements of this
document.
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5.5.3 Single point instruments

Single point instruments shall be calibrated as directed by the instrument’s operation or instruction
manual and in accordance with the general guidance provided here.

Instrument zero and span checks and calibrations shall be carried out at the monitoring location
by allowing the instrument to sample reference test atmospheres containing known pollutant
concentrations. During the check or calibration, the instrument shall sample the zero or span reference
test atmosphere through all sample lines, filters, scrubbers, conditioners and other components
associated with the measurement system during normal road tunnel air quality monitoring.

5.5.4 Measurement path Iength (for open path instruments only)

For
(Tab)

bpen path instruments the measurement path length shall be determined-up6n
le 5) using a reference measurement device as described in 5.3.4. The measuremeént p

installation
hth length is

nornpally defined as the distance between the face of the transceiver or transmijtter unit and the face of

the ]

A chd
follof

5.5.5

The length of the flow through calibration cell(s) used for opertpath instrument checks and

shall
in 5.]
glas{

It mg
thick

o-rings used to seal glass surfaces.

5.5.6

If pol
at std

Temperature sensors shall be checked at intervals not exceeding twelve months. If there is

of m
refer
instr
folloy

A chd
Chan

ptroreflector or receiver unit, however this should be confirmed with thexmanufacturg

ck of the measurement path length shall also be conducted wheneyér an instrument i
ving maintenance or repair.

Flow through calibration cell length (for open path instruments only)

be determined before initial use (see Table 5) usingia reference measurement device

on each side of the cell.

y be preferable to determine the distance:bétween the outer surfaces of the cell and
ness of glass at each end. This method shall be repeatable and take into account varia

Temperature and pressure(checks

lutant concentrations are required to be reported in units of milligrams per cubic metr
indard temperature and-101,3 kPa), the average temperature shall be measured.

bre than + 1 °C between the sensor and reference thermometer, the sensor shall be ¢
ence thermometer that complies with the requirements of 5.3.3 shall be used. The ma
uctions detdjlifg the specific temperature sensor check and calibration procedurg
ved.

bck shall also be conducted whenever the temperature sensor is subject to maintenanc

r.

5 reinstalled

calibrations
hs described

B.5. The cell length shall be determined as the distance between the inner surfaces of the optical

subtract the
bles such as

b (expressed

a difference
alibrated. A
nufacturer’s
(s) shall be

e or repair.

ge9 in barometric pressure have a lesser effect, consequently continuous measurement, whilst

recommended, is not a requirement of this document. When used, pressure transducers shall be
checked at intervals not exceeding twelve months. If there is a difference of more than = 1 kPa between
the transducer and the reference barometer, the transducer shall be calibrated. A reference barometer
that complies with the requirements of 5.3.2 shall be used. The manufacturer’s instructions detailing
the specific pressure sensor check and calibration procedure(s) shall be followed.

A check shall also be done whenever the pressure sensor is subject to maintenance or repair.

5.5.7 Zero air

Zero air shall be free from contaminants and interferents likely to cause a detectable response on the
test instrument. The concentration of oxygen in the zero air shall be within + 2 % v/v of the normal
composition of air (20,9 % v/v).
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5.5.8 Reference test atmosphere

Reference test atmospheres of gaseous target compounds shall be produced from certified reference
materials in accordance with ISO 6145, using zero air as a diluent gas. Alternatively, certified reference
materials can be supplied direct to the instrument without dilution, when appropriate concentrations
of the target compound are available.

Organizations providing reference material certificates shall meet the requirements of ISO/IEC 17025
or be a National Metrology Institute (NMI) included in the Bureau International des Poids et Mesures
(BIPM) key comparison database (KCDB).

5.5.9 Zerp check

5.5.9.1 Open path instruments

If the oper] path instrument is capable of performing a zero check, follow the\manufacty
instructiony. However, open path instrument zero checks are normally not possible in the field. U

these circun
span checks
the zero che

Zero checkg

hstances the ‘zero’ readings under no traffic conditions shall be recordedduring instru

ck, flush the cell with nitrogen or zero air.

should be conducted under late night/early morning conditions when ambient pollj

rer’s
nder
ment

(see 5.5.11.1). If the flow through calibration cell remains in the mieasurement path dfiring

itant

concentratigns are normally low. To reduce high background cencentrations resulting from| fuel

combustion|in maintenance vehicles and equipment, operation ef.the tunnel mechanical ventilation

system may|be necessary.

An alternat¢ method for the zero check is to plot the instrument readings over an extended time period

(= 1 month)jto obtain an estimate of the instrument zero reading.

5.5.9.2 Sipgle point instruments

The zero-check procedure for single point instriments shall be as follows:

a) Following installation, set up the instrument in accordance with the manufacturer’s instructigns.

b) Allow the instrument to operate(for several hours (preferably overnight) prior to conducting the
zero check, to ensure that its operation has stabilized.

c) Supply gero air to the instrument, ensuring that it passes through any conditioning equipient.
After allowing sufficient)time for the instrument response to stabilise, record the instrument
reading

d) Calculate the drifty(d) as follows:

c.—
d =(;e—)><100 (5)
Cfs
where
¢, Istherecorded value;
c. Isthe expected value;
¢ is the full scale value.
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5.5.10 Zero calibration

If the instrument zero drift exceeds the value given in Table 5, or twelve months have passed since the
previous calibration, whichever occurs first, adjust the instrument response if necessary and record
the final instrument reading.

5.5.11 Span check

5.5.11.1 Open path instruments

The

a) Iollowing installation, set up the instrument in accordance with the manufacturer’s ingtructions.

b) Allow the instrument to operate for several hours (preferably overnight) prior.to conducting the
ero check, to ensure that its operation has stabilized. Select a full-scale valteto cover|the range of
xpected concentrations in the road tunnel.

c) Record the instrument zero reading.
d) [For sealed cells, install the cell in the instrument.

e) [For flow through calibration cells, install and flush withwitrogen or zero air and confirm the

instrument zero reading. Connect the certified referencedmaterial cylinder or dilution gpparatus to
the flow through calibration cell and introduce a referénce test atmosphere correspondling to 75 %
o 90 % of the selected full-scale range of the instrument. The flowrate shall be such that there is
o significant pressure increase in the cell (typically’ 1 Lpm or less).

f) After allowing sufficient time for the instrumient response to stabilize, record the|instrument
feading.

g) iecord a second instrument zero reading to ensure that there has been no significant change in
ackground concentration.

h) (alculate the zero and span drifts using Formula (5).

i) Disconnect the reference test atmosphere supply and remove the flow through calibration cell.

5.5.11.2 Single point instruments
The §pan check procedure for single point instruments shall be as follows:
a) FKollowing ifistallation, set up the instrument in accordance with the manufacturer’s inftructions.

b) Apllow.the instrument to operate for several hours (preferably overnight) prior to conducting the

)
gpan.check, to ensure that its operation has stabilized. Select a full-scale value to cover|the range of
g¢xpected concentrations in the road tunnel.

c) Supplyareference test atmosphere at 75 % to 90 % of the selected full-scale range to the instrument
ensuring that it passes through any conditioning equipment. After allowing sufficient time for the
instrument response to stabilize, record the instrument reading.

d) Calculate the span drift using Formula (5).

5.5.12 Span calibration

If the instrument span drift exceeds the values given in Table 5, or twelve months have passed since the
previous calibration, whichever occurs first, adjust the instrument response if necessary and record
the final readings. Sealed cells shall not be used for instrument calibration. Recheck the instrument
zero following any span adjustment in accordance with the procedure described in 5.5.9.1 (open path
instruments) or 5.5.9.2 (single point instruments).
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For instruments with individual zero and span controls for NO and NO,, each shall be adjusted to give a
readout equal to the respective reference test atmosphere concentration.

5.5.13 Multipoint precision check

A multipoint precision check shall only be performed immediately after a zero check/calibration and
span calibration as described in 5.5.9 to 5.5.12. The procedure shall be as follows:

a)

Upon commissioning or after any repairs that might affect the instrument’s linearity, an extended

multipoint precision check shall be performed. Supply to the instrument at least three non-zero
reference test atmospheres approximately equally spaced over the measurement range (e.g. 25 %,
50 % aifd 75 %], or In the case of infra-red instruments SiX Non-zZero reference test atmospheres

approxi

90 %). 4
concent]

b)
atmosp
After a

concent

For sulj

Calculat

ration for each reference test atmosphere and zero.

sequent multipoint precision checks, generate at least three non-zero" reference
heres, approximately equally spaced (e.g. 25 %, 50 %, 75 %) over the measurement r

ration for each reference test atmosphere and zero.

e the standard error of the y estimate using the Formula (6)

is t
The standar
5.5.14 Syst

Cables, reco

A system d
instrument
gives a 20

at

2 [nIxy-(Zx)(Ey)F
nYx%—(Tx)

S | 2
n(n_z)} Ly =(2y)

he standard error of the y estimate;
he measured concentration;

he expected concentration;

he number of observations.

d error for the y estimate’shall be less than 2 % of the full-scale value (see Table 5).

em componentcheck
rders, signal‘conditioning and data processing devices can corrupt the instrument’s oy

omponeént’/ check shall be conducted on a 12-month basis to ensure the transm
outpit-matches that received at the data recording device. For example, if the instru
A-output with a CO concentration of 250 ppm, then apply a 20 mA signal to the systd

confirm that250 ppm is indicated at the data rnrnrﬂing device

mately equally spaced over the measurement range (e.g. 15 %, 30 %, 45 %, 60 %,
\fter allowing sufficient time for the instrument response to stabilize, record the'meag

lowing sufficient time for the instrument response to stabilize,\record the meas

5 %,
ured

test
hnge.
ured

(6)

tput.

itted
ment
m to

Check that the response is within the tolerance given in Table 5. If the result is not within the tolerance,

identify and

18

rectify the cause and repeat the procedure until the response is within the tolerance.
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Table 5 — Instrument check and calibration requirements for tunnel CO/NO/NO, systems

IS0 23431:2021(E)

Parameter Criterion Frequency
Zero check +2%FS < 3 monthsP
Span check +59%FS < 3 monthsP
Zero calibration *2%FS < 12 months
Span calibration +5%FS < 12 months
Multipoint precision check 2% FSa < 12 months
System component check +0,2%FS < 12 months
Meagurementpathtength-fopenpathonty’ +59%FS trritial
Flowf through calibration cell length (open path +5%FS Initialc
only

Meagurement path temperature check (where +1°C <12 months
applicable)

Meagurement path pressure check (where ap- +1kPa <12 months
plicdble)

a  Allowable drift for a multipoint precision check is defined by the standard errox of the y estimate (5.5.13)).

b The period between zero checks and span checks may be extended to 6 motiths once sufficient data [s available to
confirm the stability of instrument response.

¢ Recalibration and path length measurement shall be undertaken following any maintenance or changes that may affect
the nieasurement path or calibration cell length.

5.6 | Maintenance

5.6.1 General

Mai

Manfifacturers may require additional preéeedures.

A detailed log of all performance che¢ks and maintenance undertaken shall be maintained §
with|the original CO, NO and NO, data.

The
mairftenance components-and frequencies recommended minimums. When the manufacf

clai
dee

equipment manufacturer that meets the requirements of ISO/IEC 17025.

NOTH
that fhese systems determine differing maintenance components and frequencies.

5.6.2

ntenance should be carried out in sd@ccordance with the frequencies specified

maintenance regime pecemmended in this clause is for preventive maintenanc

;nlls regarding maintenance intervals that exceed these minimum requirements, th
ed as acceptable,if accompanied by a certificate issued from an organization oth

: Condition based maintenance or predictive maintenance can be used as alternative r

Cleaning of optical interfaces

in Table 6.

nd retained

e, with the
urer makes
ey shall be
er than the

bgimes, given

To maintain light levels, the optical interfaces on the open path instrument transmitter and receiver or
transceiver and retroreflector should be cleaned every 6 months or more frequently when significant
loss of sensitivity is observed.

5.6

.3 Light source/electrochemical cell replacement

The light source or electrochemical cell should be replaced periodically, based on the manufacturer’s
recommendations.

© IS0 2021 - All rights reserved
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5.6.4 Optical alignment

The open path instrument transmitter and receiver or transceiver and retroreflector may become
misaligned over time, requiring periodic realignment. Significant loss of sensitivity may indicate that

realignment

is required, otherwise realignment should be performed at least every 6 months.

Table 6 — Routine maintenance for tunnel CO/NO/NO, systems

Maintenance component Frequency

Cleaning of optical interfaces < 6 months

Renlacement of licht source/electro-1Manufacturer’s instructions
Ir (=] 7

chemical cell?
Open path instrument optical align- |< 6 months
ment check
a  The frequency of electrochemical cell replacement is dependent on the
instrument and tunnel conditions, however, indicative replacement periods for CO
and NO cells is 2 to 3 years and for NO, cells 3 to 12 months.
5.7 Calculation and expression of results
Instruments normally provide a readout in ppm. Where concentrations dre required to be expressed in
mass per uniit volume, readings shall be converted using Formula (7):
C,xm
C,=—— (7)
VIl
where
C,, Iisthe concentration of pollutant in milligrams per cubic metre (expressed at standard temper-
atyre and 101,3 kPa);
C, isthe concentration of pollutant in ppm;
m  is the molecular weight of pollutant;
V,, 1isthe molar volume (e.g. 22,4 1 per gram mole at 0 °C and 101,3 kPa).
Some instryments may perform this conversion automatically. Ensure that the standard condifions
employed by the instrument When making this conversion are correct.
5.8 Measurementurncertainty
The measuremeripuncertainty of this method will vary for each specific application. Factors affefting
the overall yneertainty include (but are not limited to) uncertainties associated with the referenc¢ test
atmosphere concentration flow fhrnngh calibration cell and measurement pafh ]nngﬂnc, allawWable

span and zero drifts, measurement path temperature and pressure corrections, calibration devices and
recording instrumentation, and will vary from site to site. As a guide, uncertainties of 10 % of reading
can be achieved using this method, however, the measurement uncertainty shall be determined based
on individual laboratory practices.

NOTE A

20

suitable method for calculating measurement uncertainty can be found in ISO/IEC Guide 98-3.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=dbdf26d411f8527e6d781d17a39ec43f

IS0 23431:2021(E)

6 Testing parameter — visibility

6.1

General

Clause 6 describes continuous, direct-reading instruments for determining visibility in road tunnels.
Providing the instrument performance is within the specifications given in Table 7, alternate methods
may be used within the context of this document.

6.2

Principle

ctc boaconan i o o £ abia actad thaobcaryae

Objee
obje(
ther

Light
with
obje(
case
dist4

Visib
part]
rang

In ro
instn

The
whic
on p|
prop
o ing

L H PN albac alaa Li matha ctic dat Lz Ak
FtSHecoe-viSore-to-ahouServer-wheh 11511\. tFoftne UUJbLL IS-retecteer u_y crrC-OoStCrver

t is seen against its surroundings by virtue of the difference in either intensity or'w
hdiation emanating from it compared with that emanating from its surroundings;

is attenuated through scattering and absorption by both gases and partieles in the
the result that objects viewed at a distance become less visible than when|viewed up
t appears lighter with increasing distance and a light-coloured object appears dark
a loss of contrast occurs between the object and its surroundingsiuntil at a suffig
nce the object merges into the background.

cles less than 2,5 um in diameter, with the most efficient light scattering particles wi
e corresponding to the wavelength of visible light, 0,4 pumto'0,7 pm.

uments, installed at various locations along the tufinel length.

nstruments calculate the extinction coefficient (K), the reciprocal of the distance in
h 63 % of initial light intensity is lost by parti¢le scattering. The extinction coefficient i
article concentration, light distributionyand wavelength (A) of the incident light. §
prtional to A-® where « is typically 0,5 to 2,5 for particles, depending on the size distri
reasing as the mass mean diameter(of the fine particles decreases.

Attenuation of light passing through the atmosphere may be represented in this instance

Laml

I

whet

pert law given in Formula (8):

=] ekL
=1,e

is the intensity of light at the observer;
is the'initial light intensity;

is the path length of light (i.e. the object to observer distance);

ility degradation in road tunnels is principally due to the light scattering proper

A particular
hvelength of

htmosphere,
flose. A dark
er. In either
iently large

ties of fine
thin the size

nd tunnels visibility is measured using open path tranismissometers or single point liglt scattering

metres over
s dependent
cattering is
bution, with

by the Beer-

(8)

is the extinction coefficient (due to absorption and scattering);

=Ky + Ko + Ky + K p Where K is the extinction coefficient and the subscripts, a, s, g and p refer

to absorptlon scattermg, gases and particles respectively.

In polluted atmospheres, such as in road tunnels, the loss of light intensity by particle scattering is the
major cause of light extinction. Consequently, terms other than K, are neglected.

Transmissometers measure the proportion of light transmitted (I/I,)) through the road tunnel
atmosphere over a known distance between a light source of known intensity (transmitter) and a light
measurement device (receiver). Alternatively, an autocollimator or retroreflector may be used with a
transmitter/receiver (transceiver) to double the measurement path length.
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For transmissometers the relationship between K and light transmission is logarithmic and is given in

Formula (9):
K=-In(l/1,)/L

(9)

Scattered light instruments measure the amount of forward scattered light, at a specified angle to
the incident light, using a photodetector. Over the range of particulate matter concentrations and size
distributions normally experienced in road tunnels, the photodetector has an approximate linear
response to the extinction coefficient, K, however, the instrument response can be affected by changes

in particulate matter chemical composition and colour, in addition to particle size distribution.

In scattere
forward sc

area S as giy

=] |

Here, IS,Q (

short secti
With the flu

NS

!

light instruments the scattering coefficient f is determined by measuring the amoy
tered light flux @, at a specific angle 6 to the incident light, using a photodetettor

en in Formula (10):

5.0 (0)dQ

is the radiant flux that is scattered by the atmosphere withinCa,distance Ax. Ax i
of the incident light path over which incident light scatters towards the photodete
x @ of the incident light beam, Formula (11) relates the scatfered light flux to :

- jIIS,Q (8)-sin(6)d6

B-Ax

By using a

scattering ijstruments can be used in daylight or at night.

Scattered lig
Compared t
prone to soi

Instrument
risk of fog 4
important f
that the use

6.3 Apparatus

6.3.1 Inst

The instrun
specificatio]

o

modulated light source or by shielding the measurement from other light sources,

tht instruments rely on diffusion through/a grill or are mechanically or thermally aspin
b transmissometers, they are smallertin size, do not require optical alignment and ar¢
ing.

options include heaters to eliminate the effect of fog with the objective of eliminatin
ccumulation inside the ttunhnel through tunnel ventilation. Fog elimination is consig
pr visibility instrument§ located near tunnel portals, however, it should also be recogi

rument

hent isa continuous direct-reading instrument that meets or exceeds the performni
1s_given in Table 7.

of heaters can result{in underestimation of the extinction coefficient within the tunne|.

nt of
with

(10)

s the

ctor.

(11

light

ated.
b less

g the
ered
nised

ance

The instrument may be used over any range within the limits of this document, provided it has been
calibrated in accordance with 6.5.

The manufacturer’s published performance specifications shall be deemed as acceptable evidence of
conformance to the given requirements, if accompanied by a statement of measurement uncertainty,
issued by an organization that meets the requirements of ISO/IEC 17025.
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Table 7 — Instrument performance specifications for tunnel visibility systems

6.3.2

A mfd

0,5 % Uy is required to make an accurate determination of the4neasurement path lengthj
shalllbe checked over a path length of at least the instrument nfeasurement path length.
Organizations performing the tests outlined in this clause shall meet the requirements of 1S(
6.4 | Procedure

6.4. Transmissometer

The procedure shall be as follows:

a) [Insure that the transmissometeT jis installed such that the optical path is unimpeds
quipment or other obstructions, whilst allowing ease of access for instrument 1
nd calibration. Shorter optical paths will improve light levels however, they can resi
etection limits and greater/measurement uncertainty.

b) The transmissometetr _shall be firmly mounted on materials with low thermal e

inimize alteration-of the light beam alignment due to ambient temperature variation

c) Ensure that the\transmissometer is not subject to excessive vibration and that the elect

is stable.

d) [For egt@iipment installed at the tunnel portals or entry/exit ramps, ensure that the

f)

Parameter Requirement
Range 0to 0,015 m™?!
Wavelength? 500 to 700 nm
Expanded measurement uncertainty 0,001 m1
Resolution 0,0001 m!
Response time:
rise <60s
fall <60s
Operating temperature -20to 50 °C
a  Either the light source of the instrument is within this range or the
instrument has to be calibrated to correspond with measured K values-in
this wavelength range.

Reference path length measurement device

trologically traceable reference distance measuring device with a measurement un

riefitation is such that it avoids strong scattered radiation (e.g. sunlight) directly ¢
rafisceiver or receiver unit.

certainty of
. The device

/1IEC 17025.

d by tunnel
naintenance
hlt in higher

Kpansion to

D.

Ficity supply

bptical path
entering the

Check the horizontal and vertical alignments of the units.

Accurately measure the distance between the transceiver and retroreflector or the transmitter

and receiver using a reference measurement device as described in 6.3.2. The measurement path
length is normally defined as the distance between the face of the transceiver or transmitter
unit and the face of the retroreflector or receiver unit, however, this should be confirmed with
the manufacturer. A check of the measurement path length shall also be conducted whenever an

i

g)

nstrument is reinstalled following maintenance or repair (see Table 8).

Set up the instrument and carry out initial checks in accordance with the manufacturer’s

instructions (e.g. configuring and scaling of analogue outputs, setting of alarm values and level of
damping) and the requirements of 6.5.
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h) Take measurements in accordance with the manufacturer’s instructions and ensure that the values
obtained relate to the correct date and time.

NOTE Conducting the optical path alignment under low light or dark conditions can assist when adjusting
the focus.

Where possible, optical path alignment and focusing should be performed under temperature conditions
that approximate the mid-range of the expected minimum and maximum temperature range at the
monitoring location.

During tunnel wall washing or deluge testing for the fire system, caps should be installed on the
instrument dust protection tubes to prevent water ingress, where applicable

6.4.2 Scaftered light instrument
The procedure shall be as follows:

a) Ensurelthat the instrument is not subject to excessive vibration and that the €lectricity sypply
is stable.

b) For instiruments installed at the tunnel portals or entry/exit ramps, ensure that strong scatfered
radiatidgn (e.g. sunlight) cannot affect the instrument response.

c) Set up [the instrument and carry out initial checks in accordance with the manufactyrer’s
instructions (e.g. configuring and scaling of analogue outputspsetting of alarm values and leyel of
damping) and the requirements of 6.5.

d) Take mg¢asurements in accordance with the manufacturet's instructions and ensure that the values
obtaine relate to the correct date and time.

During tunmel wall washing or deluge testing for the\fire system, covers should be installed op the
instrumentg to prevent water ingress, where applicable.

6.5 Instrument checks and calibrations

6.5.1 General

Calibration [of an instrument establishes the quantitative relationship between visibility and the
instrument’s response.

Instrument checks and calibrations shall be carried out in accordance with the frequencies specifi¢d by
the equipmgnt manufacturer and in accordance with Table 8.

In addition, jnstrument checks and calibrations shall be carried out:

a) prior tojdeCemmissioning or physical relocation of the instrument, if operational;

b) following physical relocation;
c) after any repairs that might affect the instrument’s response; and

d) upon any indication of an instrument malfunction or change in response that may cause the
instrument to drift by more than the values given in Table 8.

Instrument calibration is conducted using a certified reference material (e.g. test cell(s) or neutral
density filter(s)) attached to the scattered light instrument or transmissometer transceiver or receiver
unit, with the cell or filter providing a rated value for the measured extinction coefficient.

Calibrations are normally conducted during tunnel closures, with the background extinction coefficient
assumed to be low. However, this may not be the case if there are idling vehicles or fuelled equipment
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