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ABSTRACT

This report examines the adequacy of fire detection in the
context of nuclear power plant safety. Topics considered are:
(1) establishing area detection requirements, (2) selecting
specific detector types, (3) locating and spacing detectors, and
(4) performing installation tests and maintenance. Based on a
thorough review of fire detection codes and standards and fire
detection literature, the report concludes that current design
and regulatory guidelines alone are insufficient to ensure
satisfactory fire detection system performance. To assure
adequate fire detection, this report recommends the use of in-
place testing of detectors under conditions expected to occur
normally in areas being protected.
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NUCLEAR POWER PLANT FIRE PROTECTION
FIRE DETECTION (SUBSYSTEMS STUDY TASK 2)

I. SUMMARY

‘An uncontrolled fire in a nuclear power pla?t can seriously jeopar-
dize overall plant safety. Recognizing this, the Nuclear Regulatory Com-
mission has undertaken a broad program in fire protection research, a por-
tion of which focﬁses on early fire detection. This report examines the

adequacy of fire detection in the context of nuclear power plant safety.

Because of the expansé of a nuclear power plant and the normally
limited number of resident operating personnel, remote automatic fire
detection represenfs the only viable method of providing.early fire
warning for most piant areas. By installing throughout a power plant
devices which are sensitive to fire and by electrically connecting these
devices to centralized alarm panels, operators can receive fire warnings
from anywhere in the plant. The reliability of such a system, however,

depends upon correct design and maintenance.

Traditionally, nuclear power plant designers have utilized a
combination of fire codes, test standards, fire consultant recommenda-
tions, insurance agenéy requests, andvdetector vendor suggestions to
formulate the design of fire detection systems. Proceeding in this
manner, designers often apply detection principles to nuclear power plants
which have been proven in residential and commercial installations.
However, because the ventilation conditions, ceiling heights, ceiling
construction, and types of combustibles existing in nuclear power plants
can differ from those used elsewhere, it is difficult to show that

traditional detection system design approaches will be adequate for



nuclear power plants. Also, it is doubtful whether any theory can be
developed and proven in the near future to describe the effects of

different installation conditions on detection system operation.

Therefore, it appears that the best approach to solving the unéer—
tainties of nuclear power plant fire detectioﬁ is through in-place testing
of detectors under environmental conditions anticipated to occur normally
in each area being protected. Through in-place testing, during both
initial installation and subsequent maintenance intervals, satisfactory
detection performance can be assured for the variety of conditions found

in nuclear power plants.

IT1. 1INTRODUCTION

A. Background

An earlier Sandia Laboratories fire protection system st:udy1
concluded that much progrers éan be made to enhance fire detection effec-
tiveness in nuclear power plants by clarifying fire detection design
requirements and by adapting existing detection techniques. This conclu-
sion had been based on both the ready availability of numerous detection
devices currently on the market and the lack of adequate design guidance
for selecting, locating, testing, and'maintaining detection system hard-
ware. Based on these findings, the Nuclear Regulatbry Commission decided
to undertake a more thorough review of fire detection, as part of 'a second
study addressing several major areas of fire protection. Task 1 of this
ﬁew study addressed ventilation, while Tasks 3 and 4, to be completed
later, will involve fire barriers and fire hazards analysis. Task 2, fire

detectors, is the subject of this report.

B. Task 2 Description

The fire detection subsystem review was undertaken to evaluate the

following from the standpoint of overall plant safety:

a. the technical bases for detection system design criteria,

10



b. - the adequacy of detailed design guidance currently avail-

able, and

~c. the effectiveness of qualification testing procedures to

simulate actual design applicatioms.

For each of these three evaluatioﬁ categories,'numefous recognized fire
protection information sources were chosen for review. The assigmment of
“each information source to an appropriate evaluation category is shown in
Table 1 and is based upon the level of detail and scope of information

available 1n each source.

After establishing evaluation categories and information sources, it .
-was decided to focus on the selection and use of detector sensing units,
rather than to investigate either the internal design details of the units
or the operation of each ancillary detection system component (i.e., trans-
mitters, alarm units, satellite statioms, or interconnecting wiring). This

decision stemmed from a realization that:

1. Existing detection theory lacks the ability to predict
detector performance solely from known internal sensing

unit design features.

2. Ancillary detection system components primarily function
to transmit electrical signals from detector sensing units
to various panels and alarm devices, generally through the
use of fundamental electrical design techniques which have
been accepted and used extensively throughout other nuclear

*
power plant systems.

* . . . . . . .
One exception to this observation is cited in Appendix A of the
report. .
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TABLE I

Information Sources Reviewed and Corresponding Evaluation Categories

Evaluation Categories

Information
Sources - Design Design Qualification
Reviewed Criteria Details Tests

Nuclear Regulatory Commission

Documents : x*
Insurance Agency Documents X
National Fire Protection Codes X

Underwriters Laboratories Tests X
Vendor Information and Open .
Literature (where applicable) X X X

*x refers to the primary charter of the cited information source

Based on these observations, the following design and maintenance
activities related to the selecting and use of detector sensing units were

chosen for review:

e Establishing area detection requirements
® Selecting specific detector types
® Locating and spacing detectors

® Performing installation tests and maintenance.

As illustrated in Table II, this report separately addresses each of these
activities for commercially available detector sensing units and, in so
doing, questions the adequacy of applicable design criteria, design

details, and qualification testing.
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TABLE 1I

Relationship Between Design and Maintenance Activities
and Evaluation Categories

Design and Maintenance Activities

® Establishing area detection
requirements

® Selecting specific detector
types

@ Locating and spacing detectors

® Performing installation tests
and maintenance.

Adequacy?

III. DISCUSSION

Task 2 Evaluation
Categories

® Design Criteria
@ Design Details

® Qualification
Testing

Before proceeding with the Task 2 evaluation, it was necessary to

identify those detectors most suitable for review. For this purpose, it

was decided that the following five major types of commercially available

detectors should be chosen:

® Area heat detectors

e Continuous line heat detectors

e lonization type products of combustion detectors

@ Photoelectric smoke detectors

e Ultraviolet/infrared flame detectors

Although other types of detectors are being developed, none of the

new-concept detectors, as explained in Reference 1, has been proven in

situations outside of a laboratory environment.

In contrast, each of the

commercial. detectors listed above has been demonstrated to be effective
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when installed and maintained in a manner consistent with its governing

qualification tests.

A. Establishing Area Detection Requirements

The first decision that must be reached regarding fire detection is
whether or not automatic detection is required for a particular power
plant area. To make this decision from a plant safety viewpoint, a
careful assessment of automatic detection must be made on the basis of

many factors, including:

® Importance of the afea to overall plént safety

® Susceptibility of the area to surrounding fire hazards
® Degree of fire hazard within the area

e Potential of fire spreading to other areas

e Type of available fire suppression (e.g., manual or

automatic; inert gas or water)
e Cost of added detection capability

® Normal occupancy of the area

Unfortunately, it is not always pdssible to assess all of these factors
objectively for each area of a nuclear power plant, and, because of this,
detection requirements generally have been designated on the basis of an
area's safety importance, regardless of the actual fire risk associated
with the area. One possible exception to this. practice occurs in those
instances where detection requirements are dictated by the operational
needs of an associated fire suppression system. TInis latier detection
case 1s being evaluated separately, in conjunction with another Sandia

study addressing suppression system operations.

1. Design Criteria for Establishing Area Detection Requirements

Many factors influence how much added safety automatic detection can
provide, including the reliability of the detection system, the method -

used for fire extinguishment, and the importance of the protected area to
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overall plant safety. Because of these factors, it is difficult to assess
quantitatively what positive benefits are derived from having versus not
having automatic fire detectiom in a particular nuclear power plant area
without studying the interrelationships among all affected plant safely
systems and their associated fire suppression and fire containment
systems. Because such a éystems stddy lies beyond the scope of. this
report, area fire deteétion can best be evaluated here on the intuitive
basis that the sooner a fire is discovered the better are the chances of
limiting the fire damage. On this basis, current nuclear power plant area

detection requirements were reviewed.

Table III summarizes the area detection design criteria currently
available in nuclear regulatory and insurance agency documents, and
.although other information sources soon may be available, such as those
being developed by the National Fire Protection Association and the
American National Standards Institute, drafts of these new documents
provide little guidance beyond that shown in Table III. From Table III,
it can be seen that each document reviewed provides a unique listing of
plant areas requiring automatic fire detection. In some instances,
differences between the lists can be explained in terms of each document's
charter (i.e., public safety versus property safety), while in other cases

the basis for differences is not entirely clear. For example:

(a) The terminology applied to various plant areas is not uniform.
For instance, the remote shutdown rooms mentioned in Draft
Regulatory Guide 1.120 may'be equivalent to the auxiliary panel
rooms in the NEL-PIA Guide, or the emergency/standby cooling
4equipment referred to in the International Guidelines may be
comparable to the safety-related pump rooms in Draft Regulatory.
Guide 1.120. Interpretation of terminology is left to the user
of the guides.

(b) There appears to be no consistent use of detectors as a functionm
of potential fire hazard. Some areas, such as the diesel or
cable spreading rooms, represent a significant fire potential

and should have detectors, while other areas with little or no
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fire loading, such as many primary containment areas or nuclear

fuel storage areas, may need no automatic fire detection.

Areas that Contain
or Threaten Safety-
Related Equipment

Nonsafety-Related
Turbine Areas

Control Room
Switchgear Rooms

Decontamination
Areas

Emergency Battery/
Diesel Areas

Cable Spreading
Room Area

Computer Room

Remote Shutdown
Rooms

Instrument Rooms
Relay'Rooms

Primary Containment
Area

Hazards Within
Primary Containment

Control Room
Cabinets/Consoles

16

TABLE III

- Area Detection Guidelines

Draft
Regulatory Guide International
1.120, Rev. 1, Guidelines,
Draft 2, (Ref. 2) (Ref. 3)
x
X
X x
x X
x X
x x
x x
x X
X
X
<
X
X
X

NEL-PIA
Guide,

(Ref. 4)



" TABLE IIT (cont)

Draft
Regulatory Guide International NEL-PIA
1.120, Rev. 1, "Guidelines, Guide,

Draft 2, (Ref. 2) (Ref. 3) (Ref. 4)

Control Room Inlet _
Air Ducts . . X

Cable Spreading
Room Trays x

Safety-Related Pump
Rooms ‘ x

New Fuel Area X
Spent Fuel Area ' : X

Cable. Culverts/
Shafts x

Feed Water Pumps X

Power & Control for
Primary Pumps _ X

Filter Equipment ' : X

Emergency/ Standby
Cooling Equipment X

Air Handling System .
Rooms ' X

Motor Control Centers - ) b

Auxiliary Panel Rooms x

The seriousness of the above inconsistencies is minimized if it is.
recognized that detectors are intended to provide improved safety through
early fire warning. Accordingly, it is reasonable for automatic detection
to serve all plant areas which contain or present potential fire exposure
to nuclear safety-related equipment, irrespective of the in situ fire
hazard that may exist. This is especially true for those areas which are
normally unoccupied. In this regard, Draft Regulatory Guide 1.120

provides the best design criteria currently available for establishing
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safety area detection requirements, when supplemented by the other two

documents for nonsafety plant areas.

2. Design Details and Qualification Tests for Establishing Area
Detection Requirements

In the information sources reviewed for this study, there is
virtually no guidance éddressing either the design details or qualifica-
tion tests governing area detection requifements.' Except in those in—-
stances where the use of certain gaseous suppression techniques call for
automatic detection, even the National Fire Protection Association (NFPA)
codes applying to_detectors and nuclear power plaht fire protection5 6 are
silent with regard to area detection requirements. Because of this lack
of information, several problems arise regarding the design critefia

discussed in the previous section. Specifically, the following is noted.-

(a) The requirement of Draft Regulatory Guide 1.120 to install
detectors in "all areas that present potential fire exposure
to safety-related equipment” causes a problem defining which
areas -actually pose a threat to a given safety area. Areas
either immediately adjacent to or separated from a safety area
may or may not present a potential fire éxposure, depending on
the level of fire hazard and the adequacy of existing baréiers
and suppression systems. An assessment of these factors re-
quires a detailed definition of what constitutes a potential
fire exposure. Without such a definition and a design technique
for determining potential fire exposure, it is difficult to
eétablish what level of detection coverage acthally meets the

design criterion in Draft Regulatory Guide 1.120.

(b) The requirement in Draft Regulatory Guide 1.120 to install
automatic detection inside control room cabinets and along trays
in the cable spreading room lacks confirmatory testing. Because
of this, it has not been proven whether any added benefits are
derived from these special detection meaéures, although it
can be reasoned that a detector located close to a fire may

prove more effective. Without testing to demonstrate the
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superior effectiveneés of cabinet and tray detectors over area
detectors, it is difficult to justify, in all cases, the cost
and complexity associated with their use. This is especially
true when it is recognized that current qualification testing of
line deteétors uses a ceiling configuration, not a cable tray

installation.

B. Selecting Specific Detector Types

Once area detection requirements have been established, it is
necessary to determine what type of detector or combination of detectors
is most suited to the fire hazards found in each area. As explained
earlier, five major t&pes of comﬁercially available detectors have been
considered here because of their proven effectiveness when properly
installed and maintained. The following sections examine how well exist-
ing sources guide in the selection of each'detector type and what addi-
tional guidance is needed to help designers make an informed detector

choice.

1. Design Criteria for Selecting Specific Detector Types

None of the nuclear regulatory or insurance agency documents reviewed
for this study2'4 provides definitive design criteria for the selecting
detectors. In Draft Regulatory Guide 1.120 reference is made only to
continuous line heat detectors for cable trays, while the International
Guidelines state simply that, ". . . detectors should be selected
according to the operational and local requirements." Based on this lack
of guidance, more specific design criteria need to be defined. At a
minimum, detector selection criteria should acknowledge the influence of.

the following factors on detector choice.

(a) Combustion Products -- Detectors which prove to be sensitive to

combustion products from test materials (e.g., cellulosic and
liquid flammables) may be insensitive to the combustion products
produced by other materials commonly found in power plants
(e.g., cable insulation). To illustrate, ionization detectors

may not detect large smoke particles, which lack mobility in a
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(b)

(¢)

(d)

static electric field. Similarly, an infrared or ultraviolet
detector may not be able to detect flames through heavy smoke or
through combustion products that may screen the portion of light

spectrum to which the detector is sensitive.

Fire Development -- Because some fires propagate rapidly (e.g.,

0il fires) while others start more slowly (e.g., cable fires),
it would be appropriate to select a detector whose response time
is consistent with the speed of anticipated fire development.
Also, the size to which a fire may be permitted to'grow safely

in a particular plant area can influence the appropriateness of

a detector choice. A heat detector may be, the correct choice

for an oil fire but may be too slow to respond to a cable fire.

Ventilation —- In rooms having large ventilation rates, combus-

tion products and heat may be drawn from a room before reaching
the.pqiﬁf of triggering heat, photoelectric, or ionization
detectors. To overcome this, line-of-sight area detectors which
do not depend on smoke concentrations for operation or con-
tinuous line local heat detectors which may be located closer to
the fire source should be considered. However, since ventila-
tion rates are often a function of plant operating conditiomns,
outside temperatures, and ventilation system design, it is
difficult to predict how sevérely ventilation conditions can
degrade a particular detector's operation and under what circum-
stances line-of-sight or continuous line detectors would be

superior.

Room Congestion —- In rooms containing large amounts of piping,

ductwork, cable trays, and equipment, certain detectors which
depend on line-of-sight '"viewing" of a fire (e.g., infrared or
ultraviolet detectors) may be ineffective because a fire may be

blocked from the detector by room congestion.



(e)

(£)

(g)

(h)

Room Geometry -- Rooms with high ceilings may render heat, photo-
electric, and ionization detectors ineffective because the
buoyant effect of the rising combustion gases may be insuffi-
cient to overcome the ceiling height and may stratify the gases,
especially if ventilation rates are low. In this case, infrared

or ultraviolet detectors may be the best choice.

Operational Activities -- If operational activities produce

signals to which a given detector is sensitive, false alarms may
result. For instance, an infrared or ultraviolet detector may
interpret welding activities as a fire or an ionization detector
may be unable to distinguish combustion products from an operat-
ing diesel from those of a fire.

Maintenance Effect —- The sensitivity of some detectors may

degrade more dramatically with age than that of others. As a
result, frequent maintenance and testing may be required of

certain detectors in order to ensure satisfactory performance.

Cost -- On a relative basis, the costs of detector elements can

be expressed approximately as follows:

i) Heat detectors _ 8 x

ii) Ionization and " $§ 6x
photoelectric detectors

iii) Infrared detectors $ bx

iv) Ultraviolet detectors $ 18x

The use of a large nﬁmber of ultraviolet detectors in areas
where heat detectors are sufficient would be prodigal, unless
the broader area coverage gained through use of ultraviolet
detectors wéuld significantly reduce‘the total number of

detectors required.
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The importance of these factors in considering various power plant

detector applications is discussed in the next sectionm.

2. Design Details for Selectiq& Specific Detector Types

Detailed gﬁidance addressing the selection of detectors,‘based on the
criteria listed in the previous section, should be available. However, a
review of NFPA codesd © revealed little information useful in determining
which detector types should be selected for specific plant 1ocatiohs,

Only general guidance describing the operating principles of detectors is
presénted in the codes. As a result, the selection of a particular
defector must be made by a designer on the basis of operating principles,

rather than on a rigorous application of the criteria previously listed.

In an effort to define more clearly the types of detectors most
suited to different plant areas, a listing was developed of the plant .
areas outlined in Table III vis a vis the physical characteristics of each
area as related to fire detector selection. Table 1V shows the result of

this effort.

In developing Table IV, a number of judgments were made regafding-the
relative importance of each area design characteristic and the relative
rating of conditions within each plant area. Figure 1 summarizes the
logic used in choosing a detector type for each area. From this logic
chart and Table IV, a number of obserQations can be made. First, in those
situations where either a fast or slow fire may develop, ionization and
photoelectric detectors were chosen over heat detectors because of the
delayed response time of heat detectors to slowly developing fires. Only
in diesel generator rooms, where diesel combustion products may set off
photoelectric or ionization detectors, dées the selection of a heat
actuated detector appear suitable. Second, it should be recognized that
the permissible size of a fire from the standpoint of its effect on plaht
safety should be considered in the selection of a detection system, in
addition to the anticipated speed of fire development. Because of the
difficulty in defining what constitutes a maximum acceptable fire size,

this factor has been excluded from Figure 1.  Third, it may not be
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possible to quantify what constitutes "significant background radiationm,"
y g g

a "corrosive atmosphere," a "cable tray concentration," or a "congested

room."

Therefore these factors have been only qualitatively considered.
Fourth, in those instances where more than one detector choice is given,
no effort has been made to define where iomizatiom, photoelectric, or line
detectors may be superior. This is because many poorly defined and '
misunderstood factors éan influence fhe particular choice. For instance,
as concluded in an earlier Sandia Laboratories fire protection study,1
relative detector reliability is understood only in a qualitative manner;
none of the additional literature reviewed for this current report has
revealed any new data to modify this conclusion. 1In addition to the

reliability factor, other studiesl® have concluded that:

(a) the sensitivity of photocells used in detectors may 'drift'

with aging, and

(b) at 'small' distances from a fire, ion chamber detectors are.
more sensitive than photoelectric devices, while at 'large'

distances the situation is reversed.

These examples of subtle differences among detectors demonstraﬁe the
difficulty in developing Table IV and Figure 1 much beyond the point shown
in this report, and, as will be seen in the next section, detector qualifi-
cation test procedures fall short of answering many of the more important

questions influencing detector selection.

)

3. Qualification Tests for Selecting Specific Detector Types |

The qualification test standards currently being used by Underwriters

Laboratories (UL) for nonresidential detector applications are:

UL 167 - 'Smoke Detectors, Combustion Products Type'
UL 168 - 'Smoke Detectors, Photoelectric Type'

UL 521 - ‘'Fire Detection Thermostats'

i
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vt

Plant Areas

Predominant
Combustibles

TABLE IV

Physical Characteristics of Selected Safety-Related Plant Areas
as Related to Detector Sclection

Anticipated (a)
‘Fire Development

Room’ Congestion (b)
‘for Detection

loom (d)
Ceiling Height

Other Factors

Suitable Detector Choice

Control Room
Cable Spreading
Room

Switchgear Rooms

Decontamination
Areas

Battery Rooms

Diesel Rooms

Computer Rooms
Safaty Pump
Rooms

Nuclear Fuel
Areas

Primary
Contsinmeat
Relay Rooms

Remote
Shutdown Rooms

Instrument Rooms

Cther Electrical
Equipment Areas

(a) Based on cable burning tests performed :;;t Sundia Laboratories (References 7 and 8) cable fires, involving IEEL
in the time span of minutes.

(b} The influence of room congestion on detecicr selection.is a factor only in those cases where line-of-

Cable Insulation

Cable Insulation

Cable Insulation

Plastics, Cloth,

-Cable Insulation

Hydrogen Gas
Cable Insulation

Lube Cil .
Diesel Fuel Oil
Cable Insulation

Plagtics, Paper
Cable Insulation

Cable Insulation
Lube il

Plastics
Cable Insulation
Cable Insulation
Lube il
Cable Insulation

Cable Ingulation

Cable Inaulation

Cable Insulation

Slow

Slow

Initially Fast -
High Voltage Short
Slow - Propagation

Fast or Slow

Explosive or Slow

Fast or Slow

Fast or Slow

Fast or Slow

Fast or Slow

Fast or Slow

Slow

Slow

Slow
Slow

oi all other characteristics being cansidered.

(e} "Variable" refers to those situations in which there are either transient fire conditions within an area or significant variations of

between different power plunts.

(d) The terms low, medium, and high ceilings were arbitrarily chosen as roams having real or false ceilings:
feet high; high, greater than 30 feet high,

Low

" Righ

Low
Variable (¢)

Low

Low

Low
Low

Variable .

Medium
High

Medium

High

Variable

Low

Low

Medium

Variable (c)

Low

High

Low

Variable

High

Variable

Medium

Variable

Medium

Variable

False Ceilings
Continuously Manned

None -

High Temperature -
Potential

Transient Fire
Loads, Background
Radiation

Corrosive
Atmosphere

Diesel Combustion
Products

False Ceilings &
False Floors

None

Transient Fire
Loads, Background
Radiation

Background
Radiation

None

None

None

None

Ionization or Photoelectric

lonization or Photoelectric

or Line Type

Ionization or Photoelectric
Photoelectric

Photoelectric (plus hydrogea
sensor or ventilation)

Heat - Rate of Rise or
Ultraviolet or Infrared
Torization or Photoelectric ~

Ionization or Photoelectric

Photoelectric

Photoelectrie

Ionization or Photoelectric

Ionization or Photoelectric

Ionization or Photoelectric

Ionization or Photoelectric

1S - 333 approved cables, develop slowly, |
In this table, fires, such ag oil which can fully develop in time spans of seconds, were rated as "fast'.

sight detectors are satisfactory from the standpoint

physical characteristics

low, less than 10 feet high; medium, 10 to 30
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Motoelectric
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Motoelectric
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Significant
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Redistion

lonization

- Corrosive
tonizstion
Thotoelectric or
or otoelectric
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Line Detectors
Cable Tray Cable Tray
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Jonization

or Jonization

Photoelectric or
or

Pwotoelectrac
Photoelectr ic
Photoelectric

or
Line Dotectors
Line Detectocs

Figure 1. Flow Chart for Detector Selection
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In addition to these standards, another standard, UL 268-"Smoke

Detectors for Fire Protective Signaling Systems,"

is being developed to
combine UL Standards 167 and 168. A review of a proposed version of UL
268 has revealed, howeier, that many of the deficiencies to be discussed
later, which are inhereht in UL 167 and 168 for nuclear power_blant fire
detection, still exist in the new standard, although some improvements
have been attempted by utilizing several air flow rates in. one test ‘
sequence and by subjecting detectors to a smoldering fire condition in
another test. Unfortunately, the varied air flows in UL 268 are used only
in a test for checking false alarming and sensitivity to gray smoke pro-
duced by a cotton wick, while the smoldering fire test uses smoke from

wood heated on a hotplate. Neither of these conditions is typical of

nuclear power plant combustibles.

In terms of the detectors considered in this study, no published UL
standard covers ultraviolet or infrared detectors, while UL 167, UL 168,
and UL 521 address ionization, photoelectric, and area and line heat
detectors. Each of these test standards contains a wide range of construc-
tion and per formance tests to establish detector semsitivity, reliability,
safety, and overall quality; once a detector has passed all applicable UL

tests, it then may be marketed as a "UL Listed" detector.

Because UL listed detectors are installed in a variety of industrial
locations, UL test procedures are generic in nature and may not be appli-

cable to some nuclear power plant situations. Examples of this include

" the following:

(a) UL Standard 167 for ionization detectors subjects the detectors
to combustion products from paper, polystyrene, gasoline,.wood,
and cotton, while UL 168 for photoelectric detectors uses paper,
polystyrene, gasoline, wood, punk, and kerosene. Neither of
these standards tests detectors with cable insulations, lube

oils, diesel oils, or plastics commonly found in nuclear plants.

{b) None of the UL standards for smoke or heat detectors permits an

evaluation of detector response times as a function of smoke and

26



(¢)

(d)

(e)

(£)

heat release rates. This is because the UL tests subject dif-
ferent detector types to different combustibles., In addition to
paper, gasoline, wood, and polystyrene tests, which are common
to UL 167 and 168, other tests involving cotton in UL 167, punk
and kerosene in UL 168, and alcohol in UL 521 are also per-
formed. No correlation is made among these latter tests and a

cable insulation test.

From thé standpoint of detector location and spacing, discussed
more thoroughly in Section III.C of this report, none of the UL
detector tests measures the effect of area ventilation rates on
detector performance under fire conditioné. Only in the UL 167
cotton test for ionization detectors and the UL 168 punk and
kerosene tests for photoelectric detectors has there been an
attempt to determine the influence of smoke movement .on detector
sensitivity, Unfortunately, these tests are conducted in a
smoke chamber apparatus, not in a room, and the smoke velocities
used in these tests are only 30 to 35 feet per minute (1.6 to

1.9 m/Sec)-—well below ventilation velocities found in some

13
power plant areas.

For testing detectors in a room environment, all of'the UL stan-
dards use rooms having a smooth ceiling, with no physical
obstructions between the fire source and detectors, and with air
movement not exceeding 10 feet per minute (0.5 m/sec). As a
result, the influence of room congestion typicélly found in

power plants is not measured.

UL standards 167 and 168 call for test rooms approximately 12
feet (3.65 m) high, while UL 521 specifies a 15-foot (4.57 m)
ceiling. Without testing each type of detector at several
higher ceiling heights, it is difficult to assess how well a UL

listed detector will perform in high bay areas of a power plant,.

From the standpoint of operational and maintenance considera-

tions, the UL detector standards are basically complete., Each
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standard calls for corrosion tests, humidity tests, and vibra-
tion tests. In addition, other tests applying only to ioniza-
tion and photoelectric detectors, include static discharge,
paint loading, and dust accumulation tests. For a nuclear
plant, only the effects of radiation, diesel combustion prod-
ucts; different corrosive atmospheres, and other interferences

are needed to supplement the UL tests.

Based on the above comments, it is apparent that without some addi-
tional qualification testing, the indiscriminate installation of UL listed
detectors may not, in itself, aséure satisfactory detector performance.
 Because of this uncertainty, at least one other detector study has recom-
mended a new qualification test method.l’ This new procedure calls for
all types of detectors to be tested using the same set of conditionms. Aéj
proposed, the testing would include fifteen different tests made up of
three fire sizes for each of five combustibles. To represent a broad
spectrum of fire types and detector sensitivities, the fire test combus-
tibles would include a flaming cellulosic, a smoldering cellulosic, a
flaming plastic, a smoky o0il, and a nonsmoky alcohol, while each of the
three fire sizes would be about twice the size of the next smaller fire
with the smallest fire for each combustible being selected to assess a
detector's maximum sensitivity. Unfortunately, even this new method is
susceptible to some of the shortcomings of current procedures, including
the use of ceiling heights, ventilation conditions, and some combustibles

not common to nuclear power plants.

C. Locating and Spacing Detectors

Once plant areas requifing fire detection have been established, and
appropriate detector types chosen, it is necessary to locate and space the
detectors in a manner consistent with (1) the enviromment in which the
detector must function and (2) the qualification standard to which the
detector was tested. The following sections examine how well existing
information sources guide the locating and spacing of detectors and what

additional guidance is needed to help designers.
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1. Design Criteria for Locating and Spacing Detectors

None of the nuclear regulatory or insurance agency documents reviewed
for this Studyz'a’provides definitive design criteria for locating and
spaéing detectors. Only through reference to NFPA 72 E, "Standard for
Automatic Fire Detectors"> does Draft Regulatory Guide 1.120 acknowledge
the inflﬁence of location and spacing on detector performance. As a
result of this lack of guidance, more specific desigh criteria need to be
defined to take into account the factors listed below, some of which have
- been assessed in terms of their influence on detector selection (Sectipn

III.B).

(a) Ventilation -- Bulk air flow through a room or local air flow in
the vicinity of ventilation ductwork can dilute combustion prod-
ucts or prevent the products from reaching a detector. Proper |
detector positioning must balance the effects of bulk air flow

through a room against dilution near return air duct openings.

(b) Ceiling Height -- Stratification of combustion products below

the ceiling can delay the response of a heat or smoke detector
until a fire has grown to dangerous proportions. Before a detec-
tor can be effectively installed, the anticipated stratification
in a room must be determined as a function of the floor-to-
ceiling combustion product buoyancy gradient under various
permissible fire sizes, room ventilation rates, and outside

temperature conditions.

(¢) Ceiling Construction -- Solid ceiling joists and beams or sloped

ceilings can cause stagnant air pockets which prevent combustion
. products from spreading uniformly. Under these conditioms,
combustion products may need to spill over from one stagnant
zone to another beforeldetection can be accomplished, thereby

delaying detector response.

(d) Room Congestion -- Ductwork, piping, and cable trays can deflect

combustion products away from a detector, especially if
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ventilation conditions for detection are already unfavorable.
Signifiéant congestion may dictate the installation of detectors
away from the ceiling and closer to those fire hazards requiring

maximum protection.

(e) Zoning -- To minimize the possibility of unintentionally actuat-
ing an automafic suppression system, some form of detection
zoning, requiring the operation of more than one detector before
automatic suppression starts, may be useful. The type and
degree of zoning selected, however, should consider the benefits
of reduced false alarms versus the risk of delayed detection

system response under actual fire conditionms.

The importance each of the above factors plays in power plant applica-
tions and the level of design guidance available for each factor are

discussed in the next section.

2. Design Details for Locating and Spacing Detectors

A detector can function prdperly only if the fire properties to which
it is sensitive (e.g., heat, smoke, flame, or combustion products) are
able to reach the detector. This has been recognized for many years and
much of the design guidance developed for detectors in NFPA Standard 72E
has addressed location and spacing. Unfortunately, little of the avail-
able design guidance goeé beyond a qualitative assessment of the criteria
listed in Section III.C.l. Even in those instances where quantitative
direction is given, there appears to be a lack of supporting experience or

test data.

Table V compares the design guidance in NFPA 72E with criteria govern-
ing the location and spacing of detectors. A review of Table V shows a
number of design uncertainties applying to each locating and spacing
design criterion. The significance of these uncertainties is discussed

more thoroughly in the following paragraphs.
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AREA HEAT DETECTORS

Design Criteria

TABLE V -

Comparison of Detector Locatian and Spacing Criteria with Govéming

Degign Guidance Quoted from NFPA 72E

NIFPA T2E
Design Guidanee

' NFPA 12E

(a) Ventilation

(b) Ceiling Height

{c) Ceiling
Construction

None

Generally, height is the most important
single dimension where ceiling heights
exceed 16 feet.

As smoke and heat rise from a fire, they
terd to spread in the general form of an
inverted cone. As the ceiling height in-
creases, a larger size fire is required

to actuate the same detector in the same
time. In view of this, it is mandatory

that the designer of a fire detection system
calling for heat detectors consider the size of
the fire, and rate of heat release, which may
be permitted to develop before detection ig
ultimately obtained.

The most sensitive detectors should be
employed which are suitable for the
rmaximum ambient temperature at heights
above 30 feet.

Spot-type heat detectors shall be located
upon the ceiling not less than 6 inches
from the side wall, or on the side walls

_between 6 inches and 12 inches from the

ceiling.
Spacing

Irreguiar Areas. For irregular shaped
areas the spacing between detectors may
be greater than the listed spacing, pro-
vided the maximum spacing from a detector
to the furthest point of a gside wall or
corner within its zone of protection is

not greater than 0.7 times the listed spacing.

Open Joist Construction. The spacing of
spot-type heat detectors installed on a .
joisted ceiling shall not exceed 50 percent of
their listed spacing when measured at right
angles to the solid joists.

Paragraph
Reference Comments
None ‘Guidance neéded
B-1.2 thru i. Ventilation interaction ignored
B-1.§ ’
ii. Manner of considering fire size and
rate of heat release unclear
{ii, The basis for 16 feet (4.9 m) and
30 feet (9.1 m) is undocumented and
apparently unrelated to the UL test
heights of 12 feet (3. 6 m) for smoke
detectors and 15 feet (4.5 m) for heat
detectors (See Section III, B. 3)
3-4,1, 3-5 i. Suitavility of 6 and 12 inch (0.15 and

0.3 m) distances not corfirmed by UL
tests

ii. The 50% of listed detector spacing for
partitions near smooth ceilings or open
joist ceilings is not confirmed by UL
detector tests

jii. A beam depth of 4 inches (0.1 m) for
a "smooth" ceiling may be excessive
(Reference 14) i

fv. The guidance for sloped ceilinzs is not
confirmed by UL detector tests 187,
168, or 521 .
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TABLE V (cent)

Design Criteria

(d). Room Congestion

(e} Zorning (for
minimizing
false alarms)

COXNTINTOUS LINE HEAT DETECTORS

(a) Ventilation

(b) Ceiling Height

(¢} Ceiling
Construction

o NFPA T2E -
NIFPA 72E Paragraph
Design Guidance Reference Comments

Beam Construction. It shall be treated as a

smooth ceiling if the beams project no more

than 4 inches below the ceiling. If the beams

prcject more than 4 inches below the ceiling,

detectors shall be located at no more than

two-thirds the spacing schedule in the

direction at right angles to the direction of

beam iravel. If the beams project more

than 18 inches below the ceiling, each bay

formed by the beams shall be treated as a

separate area.

Sloped Ceilings. A row of detectors

shall first be spaced and located at or within

three fcet of the peak of the ceiling. The

number and spacing of additional detectors,

if any, shall be based on the horizontal

projection of the ceiling in accordance with

the type of ceiling construction.

Nofxe None Guidance needed

None None Guidance needed

None ] ' . None Guidance needed; normal ventilation .
could affect line detectors by interfering
with heat buildup along a ceiling -

Line-type heat detectors shall be - 3-4.2 i. Line detector applications other

located upon the ceiling or on the side than on or near a ceiling are

walls not more than 20 inches from ignored (e.g., along cable trays)

the ceiling : [

Algo, ceiling height design guidance B-1.2 thru {i. The 20-inch (0.5 m) limit is not

for area heat detectors applies B-1.5 confirmed by UL test standard 521
{ii, Other comments for area heat

detectors apply '
None : . None _Guidance unnecessary for line detector

applications except on or near ceilings.



TABLE V (cant)

CONTINUOUS LINE HEAT DETECTORS

Design Criteria

NFPA 72E
Design Guidance

(d) Room Congestion

{e) Zoning {for
rinimizing
false alarms)

None

None

IONIZATION AND PHOTOELECTRIC DETECTORS

(a) Ventiiation

(b) Ceiling Height

(¢) Ceiling
Censtruction

132

Spacing of smoke detectors shall
result from an evaluation based

upcn engineering judgment
supplemented, if feasible, by field
tests. Ceiling shape and surfaces,
ceiling height, configuration cf
contents, burning characteristics of
the stored combustibles, and
ventilation are some of the parameters
that shall be considered.

Stratification occurs when the tempera-
ture of the smoke particles as generated,
usually from a smoldéring or small fire,
reach the temperature of the surrounding
air. Since it has lost the thermal lift,

the smoke stops rising and stratifies.

For proper protection for bujldings with
high ceilings, detectors shall be installed
alternately at two levels; one haif at ceiling
level, and the other half at least three feet
below the ceiling.

Joisted Ceilings. Ceiling obstructions
8 inches or less in depth shall be con-
sidered equivalent to a smooth ceiling in
view of the "spill over'' effect of smoke.

Slope Ceilings (Peaked or Shed-Type).

A row of detectors shall first be spaced

and located within 3 feet of the peak measured
horizontally. The number and spacing of
additional detectors, if any, shall be based on
the horizontal projection of the ceiling.

NFPA T2E
Paragraph
Reference Comments
None Guidarnce needed; high temperature spots
resulting from normal operation of congested
equipment could actuate a local line detector
None Guidance needed
4-4.1 Guidance inadequate
4-4.5. 1, ‘i, Stratification from hot air heating systems
4-4.5.2 has been ignored
i1, The term "high cellings" is not defined
quantitatively
{ii. The effectiveness of two level detectors
separated by three feet (0.9 m) is
questionable for all "high ceilings" found
in power plants
4-4.3, {. None of the distances for ceiling construction
4-4.4, or detector location are confirmed suitably by
4-4.6 UL tests ’
i. The recommendations of manufacturers for

smooth ceilings are not independently tested .
for validity by an impartial testing laboratory
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Design Criteria

TABLE V {(cant)

NI'PA 72E
Design Guidance

NFPA 72E

(d) Room Congestion

(e) Zoning ({or
minirizing
false alarms)

Beam Construction., Beams 8 inches or less
in depth can be considered equivalent to a
smooth ceiling in view of the "spill over" effect
of smoke. In beam construction over 8 inches
in depth, movement of heated air and smoke
may be slowed by the pocket or bay formed by
the beams. In this case, spacing shall be
reduced. If the beams exceed 18 inches in
depth and are more than 8 feet on centers,
each bay shall be treated as a separate area
requiring at least one detector.

Nomne

The selection and ingtallation of smoke
detzctors shall take into consideration
both the design characteristics of the
detzctor and the areas into which the
detactors will be installed so as to prevent
false operation or nonoperation after
installation. Some of the considerations
are as follows:

1. Smoke detectors having a fixed temp-
erature clement as part of the unit shall
be selected in accordance with the maxi-
mum ceiling temperature that can be
expected in service,

2. The installation shall take into
consideration the maximum ambient _
smoke density resulting from manufacturing
precesses or other sources.

3. Since the projected beam-type unit will
operate when the light-path to the receiver
is interrupted or obscured, the light-path
shall be kept clear of opaque obstacles at
all times.

Paragraph _
Reference Comments
None Guidance needed

4-5.1 Guidance needed
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TABLE V (cont)

- NFPA T2E T ) .
NFPA 12E ' Paragraph ‘
Design Criteria Design Guidance Reference Comments
ULTRAVIOLET/INFRARED DETECTORS
{a) Ventilation None None Guidance may be needed; normal
ventilation rates could affect flame
detector operation by allowing a
buildup of combustion products which
could screen the detector from the fire
source
{b) Ceiling Height Except as otherwise permitted, flame de- 5-4.1 There is no standard UL test for flame
tectors shall not be spaced beyond their . detectors which establishes listed or
listed or approved maximums. Closer approved maximum spacings and in-
spacing shall te utilized where the ) i stallation heights
structural and other characteristics of the '
protected hazard would othérwise impair
the effectiveness of the detection.
{c) Ceiling : None ' None Specific guidance unnecessary; guidelines
Construction for room congestion should be applicable
: to ceiling construction considerations
{d) Room Congestion Flame detectors shall be so designed and 5-4.2, ) Guidance appears adequate if coupled with
installed that their field of vision will be - 5-4.3, . a standard qualification testing program
sufficient to assure detection of a specified 5-5.1,
area of fire, 5-5.2
“Where conveyance of materials on chutes or
belts, or in ducts or tubes, or otherwise, to or
past if detector is involved, spacing con-
siderations will not govern, but strategic
placement of detectors is required to ensure
adequate detection.
Since flame detectors are essentially line-of-
sight devices, special care shall be taken in
applying them to assure that their ability to
respond to the required area of fire in the zone
which is to be protected will not be unduly com-~
promised by the presence of intervening
structural members or other cpaque objects
or materials. -
The overall situation shall be reviewed ,
frequently to assure that changes in structural
or usage conlitions that could interfere with
{ire detection capabilities are remedied
promptly.
(e) Zoning (for minimizing None None Guidence needed

" false alarms)



Ventilation ~- In a power plant, air flow rates through-portions-of a
ventilated room can exceed 100 feet ﬁer'minute (5.5 m/sec), while rates in
the vicinity of supply and return duct openings can reach 1,000 feet per
minute (55.0 m/sec).l3 These flow rates are well above both the 30-35
feet per minute (1.6 to 1.9 m/sec) test velocity currently used in detec-
tion senéitivity tests and the 10 feet per minute (0.5 m/sec) limiting
velocity specified for.detector fire tests,9 10 and a designer has no

-means of analytically assessing the effects of these higher rates on
detector performance. As a further complication, it has been found that
some detectors can alarm under high velocity conditions but not under low
velocity conditions.16 The effects of both high and low air flow rates
are not completely understood. Since either of these conditions could
occur in a particular detctor installation, it is likely that testing
under ventilation conditions found outside of a detector's installed

environment will be inconclusive.

Ceiling Height and Ceiling Construction -- Ceiling heights in a power

plant can vary from 10 feet (3 m) in a pump room to 25 feet (7.6 m) in a
diesel generator room, 60 feet (18.2 m) in the turbine building, and 150
feet (45 m) in the reactor containment building; ceiling construction is
also variable. Yet, Underwriters Laboratories tests smoke and heat
detectors in a smooth-ceiling room at heights of 12 feet (3.6 m) and 15
feet (4.5 m). These disparities between testing conditions and actual
application may be significant, aslindicated by research performed by R.
L. Alpert.lb Alpert identifies a strong correlation among ceiling height,
fire size, and detector sensitivity, as illustrated by the following

excerpts:

. . . the maximum heat or mass transfer rates, and hence
minimum response times, will be attained for detectors located
a radial distance from the fire axis less than about 18 per-
cent of total ceiling height and a vertical distance below the
ceiling of from 1 percent to 3 percent of total ceiling height

For optimum response time, fire detectors should be
spaced at intervals of 1/4 of the ceiling height. Spacings
smaller than this value will yield no significant improvement
in detector response time.
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‘Although these conclusions are temperéd by a number of restrictions (e.g,,
ceiling obstructions being less than 2 percent of the ceiling height and
the ceiling height being less than 2 to 4 times the room's wall-to-wall
horizontal separation), they pointvout the need to test detectors at
ceiling heights more closely approximating actual conditions: According
to Alpert, there exists a maximum ceiling height beyond whiéh a fire of
given intensity cannot be detected. For example, heat detectors, rated at
135°F(57°C), located on a 20-foot by 20-foot (6 m x 6 m) square spacing
and mounted 35 feet (10.6 m) above burning fuel, will respond only to a
fire intensity greater than 100,000 BTU/minute (1.76 x 106 J/sec). 1In a
similar manner, Alpert argues that combustion product detectors will sense
a fire only if the interrelétionship of fire intensity, ceiling height,
detector spacing, and detector sensitivity are properly cénsidered.
Unfortﬁnately, Alpert provides little quantitative information from which
to predict combustion product detector performance, especially in those
situations where room ventilation rates and floor-to-ceiling temperature
gradients can significantly interfere with the smoke flow patterns induced

by a fire.

Other research has demonstrated similar problems resulting from high
ceilings, particularly with smoldering fires.!® The National Bureau of
Standards has found that in the early stages of smoldering fires in rooms
having ceiling heights greater than 8 feet (2.4 m) (15 feet [4.6 m] and 29
‘feet [8.8 m] being tested), smoke stopped éhort of the ceiling and spread

horizontally. Such behavior is not conducive to early fire detection.

Room Congestion -- As pointed out in Section III.B.2, it is difficult

to determine at what point room congestion constitutes a detection

problem. Although in most nuclear power plants auxiliary equipment and

"cable spreading areas appear more congested than the switchgear or diesel

rooms, there exists no proven methodology for assessing what level of
congestion actually reduces the effectiveness of a particular deteétor or
~what sensitivity and spacing adjustments can be made to overcome conges-
tion detriments. This lack of guidance is not surprising when one con-

siders the variety of room arrangements, ventilation rates, combustible
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materials, burn rates, and room geometries that would need to be corre-

lated with levels of room congestion.

Zoning -- Current detector zoning techniques for minimizing the inci-
dence of false alarms or false actuation of extinguishing systems typical-
ly reduire two or more adjacent detectors to sense a fire and alarm. Al-
though this approach successfully reduces false alarms, it can also reduce
the overall effectiveness of a detection system to below the level at
which the individual detectors originally were tested. For two detectors
to respond in the same manner as one detector, adjustments must be made
"in the spacing, sensitivity, and reliability of the two-detector scheme.

Designers currently have no guidance for making these adjustments.

3. . Qualification Tests for Locating and Spacing Detectors

The follcwing paragraphs, quoted from the Underwriters Laboratories

Fire Protection Equipment List,20 describe the locating and spacing condi-
tions under which detectors are qualified, together with UL recommenda-

tions for adapting test results to actual installation conditions.

(a) Area and Continuous Line Heat Detectors

The spacings specified are for flat, smooth ceiling con-

" struction of ordinary height, generally regarded as the
most favorable condition for distribution of heated air
currents resulting from a fire. Under other forms of
ceiling construction reduced spacing of thermostats may
be required. The fire tests conducted to determine the
suitability of the thermostat spacings are conducted in
a 60 by 60 ft room having a 15 ft 9 in.* high smooth ceil-
ing and minimum air movement. The test fire (denatured
alcohol) is located approx1mately 3 ft above the floor
and of a magnitude so that sprinkler operatlon is obtained
in approximately two minutes.

*It should be noted that a discrepancy exists between the 15 foot-9-
inch (4.8 m) test ceiling height quoted for photoelectric and ionization
detectors TBd the 12-foot (3.6 m) height called for in UL Standards 167 .

nd 168.
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(b)

(c)

(d)

. . The placement and spacing of thermostatic devices
should be based on consideration of the ceiling construc-
tion, ceiling height, room or space areas, space subdivi-
sions, the normal room temperature, possible exposure of
the devices to abnormal heat such as may be produced by
manufacturing processes or equipment, and to draft condi-
tions likely to be encountered at the time of a fire.
Authorities having jurisdiction should be consulted in all
cases before installation. ' :

Ionization Detectors

Spacings - Although no specific spacings are being allocated
to these detectors, the test fire spacings of 30 ft may be
used, if practicable, only as a GUIDE or starting point in
a detector installation layout. IMPORTANT: THE TEST FIRES
CONDUCTED BY THE LABORATORIES ARE BASED ON ONLY ONE SET OF
CONDITIONS, NAMELY A 15 FT 9 IN. HIGH SMOOTH CEILING, NO
ATR MOVEMENT, AND NO PHYSICAL OBSTRUCTIONS BETWEEN THE FIRE
SOURCE AND DETECTOR. It should be realized that these are
fairly ideal conditions for a symmetrical detector layout.
For conditions other than above it 1s mandatory that
engineering judgment be applied regarding detector loca-
tion and spacing. In all likelihood closer spacings and
irregular distribution would be required for those instal-
lations containins high stockpiles, higher than 16 ft high
ceilings, small bays and other ceiling obstructions, and
particularly in areas where there is rapid air movement
from air conditioning and ventilating systems. The air

current. patterns should be checked by test smoke or light

tissue paper to determine proper location of detectors.

Photoelectric Detectors

Guidance similar to that provided for ionization detectors
appears to apply to photoelectric detectors, even though the UL

listing does not restate the informatiom.

Ultraviolet/Infrared Detectors

The location of flame detectors should be based on an
engineering survey of the conditions to be anticipated in
service and the principle of operation. Detectors should be
installed only after a thorough study has been made of the
area or premises to be protected (whether in planning or con-
struction state) and of the life and property values involved.
Prior to engineering a layout of an installation, a copy of
the manufacturer's technical bulletin should be obtained and
reviewed to determine recommended detector locationms.
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Consideration should be given to-all features which could

have a bearing on the location and sensitivity of the detec-
tors, including such pertinent factors as coverage in parti-
tioned sections, ceiling heights, overlapping of areas of cone
coverage to provide maximum protection. Test flames should

be employed to check proper detector location.

It is apparent from the above statements that the ideal conditions of
detector test are recognized, but. the guidance provided for adapting
qualified detectors to nontest conditions is vague, with considerable

reliance placed upon "engineering judgment' and installation testing.

D,. Performing Installation Tests and Maintenance

Because detector installations seldom resemble the controlled condi-
tions of a qualification test and because envirommental conditions can de-
~grade the original performance of some détectors, in-place testing should
be performed following installation and at regular intervals throughout a
detector's design life. These activities are of major importance in con-
firming the adequacy and continued reliability of a detection system,
especially in light of the marginal design information and qualification
testing -alluded to in earlier sections of this feport. The following
sections examine how well existing infcrmétion sources guide the installa-
tion testing and maintenance of detectors and what additional guidance is

needed to help design and operations personnel perform these activities.

1. Design Criteria for Performing Installation Tests and Maintenance

The quality assurance section of Draft Regulatory Guide 1.120 pro-

vides the following limited criterion for performing fire protection

A test should be established and implemented to ensure that
testing is performed. and verified by inspection and audit to
demonstrate conformance with design and system readiness
requirements. )

To supplement this criterion, the Standard Technical Specifications,

issued by the NRC for nuclear power plant fire protection, states that:
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Each fire detection instrument shall be demonstrated operable
by performance of the manufacturer's recommended tests at
least once per 6 months.

In addition to these NRC documents, other sources of criteria include the

International Guidelines for Fire Protection3 and a Nuclear Energy

Liability-Property Insurance Association bulletin.l> These sources simply

state that:

The protective measures against the fire hazards should be
periodically checked for their efficiency.

and

Detectors should be properly maintained by qualified persons
in accordance with manufacturer's recommendations. As a

“ minimum, annual cleaning, sensitivity adjustment, and
operational testing should be performed.

From the above statements, it is clear that the testing and main-
tenance criteria available in regulatory and insurance documents can

- easily be expanded into a more definitive list of criteria. Such a list,

presented below, was gleaned from a number of sources, including the NFPA '

Standard on Automatic Fire Detectors? and the Underwriters Laboratories

Fire Protection Equipment List and associated st_:-.andards.g-11 20

(a) 1Installation Test Criteria

® A visual inspection of all detectors should be made to
ensure that detectors are installed according to design

specifications.

® Each detector should be checked to confirm prober wiring

and power connections.

® The stability of the detection system should be monitored
for several weeks prior to activation of the central fire
alarm system to identify potential sources of false alarms,

such as background radiation or combustion products.
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® The response of the detection systemS-sh0u1d‘be confirmed:
using a test fire under environmental conditions antici-
pated to occur normally in the area being'pfotected. The
test fire should produce the type and degree of flame,
heat, smoke,, and.combustion products characteristic of com—
bustibles found in the protected area. The environmental
test conditions éhould be representative of the tempera-

tures and ventilation rates expected normally to occur.

(b) Maintenance Criteria

® Detectors should be periodically tested in place to

~confirm continued satisfactory operation.

® Detectors should be periodically cleaned to remove
accumulated dust and dirt. The frequency of cleaning
will depend on the type of detector involved and the pre-
vailing environmental conditions.

® Following periodic testing or qleaning} detectors should

be restored to service promptly.

It is apparent that a designer needs additional guidance before even
these abbreviated testing and maintenance requirements can be implemented.
This additional guidance, which is needed to define maintenance intervals,
inspection techniques, required training, and calibration standards, tradi-
tionally has come from either detector manufacturers or what is termed in
fire protection literature as 'the authority having jurisdiction." The
next section of this report addresses the adequacy of the traditional
testing and maintenance design details available with respect to nuclear

power plant applications.

2. Design Details for Performing Installation Tests and Maintenance

Performing installation tests and maintenance in accordance with the

recommendations of a detector manufacturer has both advantages and
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‘ disadvantages for a nuclear power plant. Table VI lists some of the more

important concerns in this regard.

It can be seen from Table VI that, although detector manufacturers
have thé potential for providing the most comprehensive guidance for
testing and maintaining detector systems, there is little commercial
incentive for a manufacturer to research the special problems of nuclear
power plant fire detection. Based on this, it is questionable whether the
festing and maintenance programs recommended by manufacturers are entirely
suitable for power plant applications. Furthermore, since design
guidelines such as NFPA Standard 72E,5 defer much of their authority to

"manufacturer's recommendations,"

there is no standard to which a designer
can turn for either absolute or relative evaluation of the performance of
an installed detection system. Such a standard appears to be needed for

nuclear power plant detection systems.

3. Qualification Tests for Performing Installation Tests and Maintenance

At presenf, there are no uniformly applied qualification tests for
confirming the in-place response characteristics and maintenance require-
ments of detectors. Although UL standards subject detectors to a variety
of corrosion; vibration, humidity, temperature, and dust accumulation
conditions, the UL test results are judged as either pass or not pass,
with no extension of the qualification tests to developing in-service
maintenance procedures or test intervals. In addition, no part of the UL
standards identifies what minimum installation tests a UL-listed detector
should undergo to confirm performance after installation. Such installa-
tion tests should be conducted, although the'development and implementa-
tion of the tests may be beyond the purview of Underwriters Laboratories
and may need to be the subject of a future independent research effort.
In the interim, however, it is important to identify what course of action
should be followed to assure dependable detector operation in a nuclear
power plant;. The conclusions and recommendations sections of this report

which follow attempt to identify and justify a proper course of action.
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TABLE VI

Advantages and Disadvantages of Performing Detector Testing and
Maintenance According to Manufacturer's Recommendations

Advantages

2.

4-

Manufacturers are most familiar with the
capabilities of their detectors and can best
recognize the most stringent conditions under
which they should be tested and maintained.

Manufacturers can readily modify their test
and maintenance conditions to more appropri-
ately cover the requirements of a particular
customer, including changes to reflect room
geometry, ventilation conditions, and com-
bustible material present.

Manufacturers are willing to assist a customer
in testing and correcting a poorly functxomng
detector system.

Manufacturers often have broad experience
in the areas of residential and commercial
fire detector applications. This experience
can benefit a test and maintenance program,
especially in solving problems involving
ceiling obstructions, fast ventilation rates,
and a typical combustion materials.

Disadvantages

Manufacturers have a vested interest in ensuring
customer satisfaction by demonstrating that a
detector is sensitive enough to detect fire but
stable enough to preclude false alarms. This
may lead to test and maintenance conditions
favoring detector operation but misrepresenting
actual fire and environmental conditions.

Testing and maintenance procedures are often
proprietary in nature and, as such, vary from
one manufacturer to the next. Because of this,
there is no uniformity between the procedures
used and no independent verification, similar .
to UL testing, of the validity of each procedure.

In the interest of satisfying a customer and
"solving' a detector response problem, a
manufacturer may find it necessary to reposition
and adjust installed detectors, possibly at the-
expense of overall detection system performance.

Because of the relatively small nuclear power
plant fire detection market, detector manu-
facturers have concentrated efforts in commemcal
and residential areas. This means that many i
available detectors have been designed to perform
best under conditions not often found in a power
plant (e.g., low ventilation rates, low ceiling
heights, smooth ceilings, and cellulosw
combustibles).



IV. CONCLUSIONS

This report examined the adequacy of fire detection in the context of
nuclear power plant safety. Topics considered were (1) establishing area
detection requirements, (2) selecting specific detector types, (3)
locating and spacing detectors, and (4) performing installation tests and
maintenance. As discﬁssed in Section III of this report, each of these
activities lacks the technical bases néeded for accomplishing a thorough
and quantitative detection system design. The basis for this conclusion

is summarized for each activity in the following paragraphs.

Establishment of Area Detection Requirements

@ Current insurance and regulatory agency criteria are incon-
sistent and often conflict by referring to various plant
areas by different names and by requiring different levels of

detection coverage for the same plant areas.

Selecting Specific Detector Types

e Although it is.possible to-make gross judgments in choosing
a particular detector type, such as an area heat detector in
preference to a smoke detector, it is difficult to:make more
subtle selections among similar detector types, such as ioni-
zation versus photoelectric detectors. Furthermore, since dif-
ferent detector types are tested under different conditions,
it is doubtful whether any predictable correlation of detector
per formance can be made for candidate detectors. This is
because the{e are conditions under which detectors now are not

fully tested.

Locating and Spacing Detectors

® Locating and spacing cannot be accomplished in an analytical
manner based on present testing methods. Instead, engineer-
ing judgment and vendor reéommendations'must bridge the gap
between test conditions and installed conditions. Unfor-

tunately, judgment and recommendations can vary widely,
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depending on the skill of the individual providing the

guidance.

Performing Installation Tests and Maintenance

® There is no uniformly applied set of installation tests and
maintenance procedures at this time. Only the recommendations
of detector manufacturers are available to a designer. Since
detector manufacturers often have diversified intérests, only
a fraction of which may involve nuclear power plant fire.pro-
tection, there has been little incentive for a manufacturer to
develop installation test and maintenance procedures primarily

geared to the nuclear power plant market,

From this‘summary, it is. apparent that present fire detection operatF
ing principles and qualification tests do not permit the prediction of
detector response characteristics. Further, it is doubtful whether any
theory can be developed and proven in the near future to describe the
complicated interaction c¢f each physical parameter affecting detector,
operation. Therefore, it appears that the best approach to solving the
uncertainties of nuclear power plant fire detection is through in-place
testing of detectors under environmmental condiﬁions anticipated to occur
normally in each area being protected. This conclusion is consistent
with: (a) the test results and recommendations of a full-scale test pro-
gram per formed by the Coast Guard in a 100,000 cubic foot ship machinery

19

sbace and (b) the current approach being followed by the largest

detector manufacturer in Europe (Cerberus of Switzerland).

Through iﬁ—place testing, during both initial installation and sub-
sequent maintenance intervals, satisfactory detector performance can be
assured for the variety of conditions found in power plants. As a further
benefit, an in-place testing program can be developed and used in power
plants -without affecting any of the existing qualification test procedures
and installation instructions developed and applied by Underwriters
Laboratories and others for primarily commercial and residential

applications.
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On the basis of these conclusions, the final section of this report
recommends a number of steps that may be taken to improve the guidelines

now available to designers of nuclear power plant fire detection systems.

V. RECOMMENDATIONS

Thé rgtommendations listed here have Been developed to address some
of the more important detection system design problems identified through;
out this report. A few of the recommendations cited involve administra—
tive action, while others require further research and testing. In some
instances, the recommendations suggest that no action be taken, because of
the limited benefits that could be derived from further work in certain
areas. It should be recognized that the objective of each recommendation
is to achieve a level of detection system reliability which warrants the
added cost and complication associated with detector installation.

.

A. Establishing Area Detection Requirements

1. The terminology used to describe plant areas requiring detec-—
tion needs to be made more uniform or at least be descriptive
enough to eliminate the need for interpretation on the part of

the designer.

2.. Plant areas requiring detection need to be determined on the
basis of each area's safety importance and the incremental '
contribution to overall plant safety afforded by a fire detec-
tion system. This determination can best be made by comparing
the effectiveness of added detection with the safety benefits of
other fire protective measures and with the safety importance of
the areaibeing protected. Such a comparison should be part of a

fire hazards analysis conducted for each area in question.
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3.

The cost effectiveness of using detectors inside cabinets and

‘along cable trays needs to be confirmed by testing. It may be

that such added detection is unjustified.

Selecting Specific Detector Types

1.

Guidance is needed to make designers aware of the factors
influencing detector selection (discussed in Section III.B.1).
These factors are combustion products, fire development (both
speed and permissible size), ventilation,.room congestion, room

geometry, operational activities, maintenance effects, and cost.

Guidance is needed to identify suitable detector choices and the
basis for these choices for those plant areas requiring detec-.
tion. Information provided in Table IV and Figure 1 of this

report can serve as a starting point for this guidance.

In those cases where it is difficult to choose among several
détector types'(e.g., choosing among photoelectric, ionization,
and line.detectors in Table IV, Section III.B.2), some form of
uniform comparative testing needs to be done using combustibles
and conditions found in nuclear power plants. As a first step,
such testing should focus on determining the per formance of
various detector types, under some fixed set of envirommental
conditions, when subjected to combustion products from power
plant materials. Subsequent comparative testing should consider
as many of the additional factors cited in recommendation B.l as

possible.

It appears that no effort needs to be directed toward developing
more sophisticated detectors or modifying existing commercially
available detectors, because there is a sufficient vériety on the
market to meet the design requirements of the nuclear industry,
Accordingly, the guidance and testing referred to in recommenda-

tions B.2 and B.3 may be limited to commonly available detectors.



c.

D.

Locating and Spacing Detectors

- 1.

Because of the difficulty in characterizing the numerous room
configurations and environmental conditions affecting defector
per formance, it appears that no effort should be made to develop
quantitative detector location and spacing guidelines beyond
those already available or being developed by the NFPA and the
National Bureau of Standards. 1Instead, regulafory documents may
limit guidance to making designers aware of (a) the qualitative
aspects of fire detection, as affected by the factors listed in

recommendation B.1, and (b) the importance of in-place testihg.

It appears that no effort should be directed toward modifying
guidance on detector locating and spacing currently provided in
the commercial and'residential design information developed by
independent testing laboratories and fire'profection associa-
tions. Any major modification of these existing guidelines could

only be justified through an extensive detector test program

using the range of conditions expected in nuclear power plants.

Such an effort would be costly and would not negate the need for

the confirmatory in-place testing recommended in C.1 and D.1.

Performing Installation Tests and Maintenance

1.

A detector installation test procedure needs toc be developed
which is based on confirmatory research, and is representative of
the combustibles, environmental conditibns, and detector types
(i.e., area, cabinet, and cable tray fire detectors) found in
nuclear plants. This test procedure should: (a) address the
factors listed in recommendation B.1l, (b) provide reproducible
test results, and (c) present a minimum disruption to normal

plant operations.

A detector maintenance procedure needs to be developed. This
procedure could identify the maintenance details and maintenance
intervals required for each type of detector imstalled in power

plants as a function of enviromental conditions found in various
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plant areas. The establishment of maintenance intervals could be
accomplished on the basis of analysis or testing which demon-
.strates a detector's reliability and which corresponds to the

minimum acceptable reliability of a detection system.

‘It is apparent that the greatest benefit to nuclear fire protection
can be derived from accomplishing recommendations A.2, B.3;.D.I, and D.2.
Through the enactment of theée and the bther recommendatiohs, nuclear
power plant detection systems can be selected, installed, tested, and

maintained in a manner which assures reliable operation.
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APPENDIX A

Confusion Over Class A System'Designafions

The requirements in Draft Regulatory Guide 1.120! for designing detec-
tion systems in accordance with the Class A system'requirements specified
in NFPA 72D "Standard for the Installation, Maintenance and Use of
Prqprietory Protective Signaling Systems" can be misinterpreted. As
eiplained in Articles 110 and 130 of NFPA 72D, a Class A design provides
emergency operation for fire ‘alarms, waterflow alarms, and guard tour
signals, in the event of a single break or ground fault of the "signaling
line circuit" or of any devices connected to it. NFPA 72D defines a
"signaling line circuit" as a circuit connecting transmitters or control
units to the central supervising station over which fire alarm, waterflow,
guard tour or supervisory signals are transmitted. According to NFPA 72D,
circuits of lesser importanc~ connecting individual detectors to control
units are not'pafﬁ of the "signaling line circuit," and, thereforé,
apparently need not meet Class A criteria. Although it is correct to
"electrically supervise" individual detector circuits in accordance with
Article 240 of NFPA 72D so that the occurrence of a break or ground fault
will cause a trouble signal, a requirement that these less important cir-
cuits be operable under faulted conditions (Class.A) goes beyond the
“intent of NFPA 72D. Because some licensing confusion regarding this issue
has arisen, Regulatory Guide 1.120 should state more clearly the scope of

Class A design to be used in nuclear power plants.

1Fire Protection Guidelines for Nuclear Power Plants, Rev. 1, USNRC,
November 1977
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Abbreviated Description of Commercially Available Detectors

APPENDIX B

a. Heat Detectors (area and line type)

1.

Types _

a)  Bimetallic strip thermostats (Figure B-1)-
b) . Snap-action disc thermostats

c) Thermostatic cables (Figures B-2 and B-3)

d) Fusible link and quartzoid bulbs

Uses
a) Area protection
b) Spot detection

c¢) Initiation of extinguishing, devices
vy

b. Photoelectric Detectors

1.

Types
a) Beam (Figure B-4)
b) Spot

1. Obscuration

2. Light scattering
c) Sampling
1. 'Obscuration

2. Light scattering

Uses

‘a) Air conditioning systems

b) Vaults
¢) . File rooms
d) Computer centers

e) - Warehouses
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c. Ionization Detectors

‘l. ‘Type
a)
b)
c)

s
Ionization (Figures B-5 and B-6)
Resistanance grid

Combination ionization/resistance grid

2. VUses-similar to photoelectric detectors

d. Flame De

1. Tybe
a)
b)

2. Uses
)
b)
c)
d)
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tectors (Figure B-7)

s -
Ultraviolet -

Infrared

Any industrial or warehousing operations
Spot protection
Control of fixed extinguishing systems

Explosion suppression
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