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REGULATORY GUIBE

OFFICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 1.85

PROTECTION OF NUCLEAR POWER PLANT CONTROL ROOM
OPERATORS AGAINST AN ACCIDENTAL CHLORINE RELEASE

A. INTRCDUCTION

me*xor 4, “Environmental and missile design
f Appendix A, “General Design Criteria ’or
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Nycic Pouc.’ Plants,” to 10 CFR Par: 50, “Licens-
ing of Production and Utilization Facilities,” re-
quires, in part, that structures, systems, anc compo-

nents important to safety be dcs:med to accom-
mcdate the effects of and to be compatible with the
environmenial conditions assosiatec with operation,
.cs:mg and accidents
18, **Control room,” requires that a control
ro.xded from which actions can be taken to
.;'*: nuclear power un't safely under normal
0 maintain 1t :n a safe condition un-
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B. DISCUSS!ON

Many auclear power plants use chiorine for water
treziment in the circulating water sy <‘c.7‘. andin iher
auxilary system 5. Chiorine is normal liy stored on the

site as 'zuifled 2as in one-(on tanks or large railroad
cars (1 pically 16 to $5 tons) \
¥ Line=si» sizate sebsianuve changes from previcus issue

Regulatory Guide 1.78, “Assumptions for
Evaluating the Habitability of a Nuclear Power Plant
Contro! Room During a Postulated Hazardous
Chemical Reiease.” identifies chlorine as a hazardous
chemical which, if present in the control room at-
mosphere 1n sufficient quantity, could result in the
control room becoming uninhabitable. It is the pur-
pose of this guide to describe specific design features
and procedures that are acceptable to mitigate
hazards to control roormn operators from an acciden-
ta! chlorine release. Although this guide was
developed to provide protection from an onsite
chlorine reiease, the protection provisions described
here are also expected 1o be sufficient for an offsite
chlorine reiease. The positions stated in this guide are

cascd on the smecxf:c physical properties and
physiological "‘c:’.s of chlorine.

~ Twa hasic accident tvpes can be postuiated: a long-
term, low-leakage-rate release and a short-term puff

release. The majority of chlorine releases experienced
{0 date have been of the first type, m\'o':\'m-* leakage
from valves or fittings and resulting in a long-term
release with a leakage rate from near zero to less than
one pound of chlorine per second. Given warning,
oniv breathing apparatus is necessary to protect the
control room operator from this kind of release
How : er. because such a reiease might continue un-

for many hours, self-contained breathin g ap-

abated
paratus, a tank source of air with manifold outlets, or

1

‘equivalent protection capable of operation for an ex-

tended period of time should be available.

A Jess pro’*abic but more severe accident would be
lure of @ manhole cover on the chlorine con-

he outright failure of the container itself.
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Suzh failure could occur during the transportation of
a container as a result of a handling mishap or could
be due 10 naturally or accidently produced environ-
ments such as earthguakes, flooding, fire, explosive
overpressure, or missiles. A failure of this type couid
result in a puff release of about 25% of the chiorine
The balance of the chlorine would be vaporized and
re.cased over an extended period of time. As a result
of 1he cioud formed by the release from such an acci-
dent. the chlorine concentration inside the control
room might increase rapidly. In the absence of special
design measures to limit the buildup within the con-
trol rqom. the operators might be incapacitated
bzfore they are able to don breathing apparatus.

Adequate protection of the control room operators
against the types of accidental chiorine release discus-
sed above will be achieved if features are included in
the plant design to (1) automatically isolate the con-
trol room if there is a reiease, (2) make the controi
room sufficiently leak tight, and (3) provide equip-
ment and procedures for ensuring the use of
breathing apparatus by the control room operators.
Protection provisions adegquate for the large instan-
ta=eous release will also provide protection against
the low-leakage-rate release. Staff analysis of control
roor designs and the degree of protection afforded
by each design has resulted in criteria for acceptance,
¢ will be discussed in the next section, These criteria
pased on the limitation (given in Regulatory
Guide !.78) that the chiorine concentration within
ne control room should not exceed !& ppm by

volume (48 mg/m') within two minutes after the
e . Il
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snicrine. This concentration, the toxicity limit, 1s the
mavimum congentration that can be tolerated for two
minutes without phyvsical incapacitation { an
average human (i.e., severe coughing. eye burn, or
severe skin irntation)

able | gives the maximum aliowable weight of a
e of chiorine as a function of distance
ror the control room for various control room
! is based on an instantaneous relea s of 25%

contents of the chiorine container and an al-
lowable chlorine concentration in the control room
of 45 mn/m’, the toxicity limit, for two minutes. The
imitial « oud dimensions assume expansion of the
chlorine gas into a spherical cloud having 2 Gaussian
corcentration gradient. Dispersion of the cloud was
calzulated using the instantansous reiease diffusion
model appearing in Appendix B of Regulator) Guide
| 75 For those cases where the control room was
located a short distance from the release point and
the amount of chlorin: release was small, the mode!
was adjusted to allow for additional dispersion in the
vertical direction by assuming uniform mixing
between the ground and the elevation of the fresh air
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Two minutes is considered sufficient ume for 2 trained operater

10 pul a seif-coniained breathing apparalus into operauion, if
tnese are 1o be used

inlet (a 15-meter elevation from ground level was
used). The maximum allowable chlorine weights were
determined by using worst case conditions for
calculating the control room concentrations (signifi-
cant parameters being wind speed, cloud dimensions,
normal air exchange rate, time to isolate, and isolated
air exchange rate). For certain controi room
characteristics and high wind speed, the maximum
operator exposure occurs before isolation, For other
cases with other control room characteristics and low
wind speed, the maximum operator exposure occurs
two minutes after isolation and is primarily due 1o 1n-
filtration. The six control room types listed in the
table span the expected range of protections required
for n ost plants. Other combinations of the signifi-
cant parameters are possibie, but those listed in the
table should provide sufficient guidance for most
cases.

This guide does not address the protection of in-
dividuals either outside the control room or within
the control room but not directly involved in reactor
operations. Breathing apparatus should be provided
and be readily accessible throughout the piant in
order to eliminate the need for personnel to seek
shelter in the control room during a chlorine release.

The features and procedures described in this guide
apply to plants having conventional ventilation
systems. Any different methods of protection
proposed will be evaluated on a case-by-case basis.

C. REGULATORY POSITION

Control room operators should be preiected
against the effects of an accidental chlorine release as
described below

1. Liquif ~J chlorine should not be stored within
100 meters i a control room’ or its fresh air iniets.
(Smallgu r esfor laboratory use, 20 Ibs or less, are
Txempt.)

2. If a chlorine container having an inventory of
150 1bs or less is stored more than 100 meters from
the conirol room or its fresh air inlets, the capability
for manual isolation of the control room shouid be
provided.

3. For single container guantities exceeding 120 1b,
the maximum allowable chiorine inventory in & single
container stored at specified distances from the con-
trél room qr its fresh air iniet is given in Table | for
control room Types | through VI (described below).
For each control room type. the maximum allowable
chiorine inventory in a single container is given as a
function of distance from the control room. If there
are several chlorine containers, only the failure of the
largest container 1s normally considered uniess the

————

! Control room s defined to include all zones serviced by the
emergency ventilation system
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failure of a single container could cause a chiorine
reizase from several containers.

a. Typeicontrol rooms should include the follow-
ing protective features:

(1) Quick-response chlorine detectors located in
the fresh air inlets. Within 10 seconds’ after arrival of
the chiorine, detection should initiate complele
closure of isolation dampers to the control room.

2) A normal fresh air makeup rate of less than
one air ciange per hour. The fresh air inlet should be
at least 15 meters above grade.

(3) Low-leakage construction with an equivalent
air exchange rate of less than 0.06 hr*' when all
penetrations are exposed to a |/8-inch water gage
pressure differential. Construction details should be
provided to show that this limit is met.

(4) Low-leakage dampers or valves instalied on
the upstream side of recirculation fans or other loca-
tions where negative systems pressure exists and
where inleakage from chlorine-contaminated outside

air 1S possidie

b. Type Il control rooms should include the
protective features of paragraph a except that the
isolation time should be 4 seconds or less rather than
i0 seconds or less

:. Tyvpe Il control rooms should include the
srotestive features of paragraph a except that the
normal fresh air makeup rate should be hmited t0 0.3
air change per hour or less.

IV contro! rooms should include the

features of paragraph a except that the

time and the normal air exchange rate

should be equai to or less than 4 seconds and 0.3 air

n r hour, respectively. In addition, the con-

i air exchange rate should be

0.015 air change per hour or less (see

of required leak rate verification test in
Position §).

Type V control rooms should include theprotec-
es of paragraph a with the addition of

ste chiorine detectors located at the chlorine
storage and unloading location. These additional
detectors should be piaced and the detector trip

I s adiusted so as to ensure detection of either a
leak or a container rupture. A detector trip signal
should accomyp'ish automatic isolation of the control

This s the ume nterval berwer~ the time the chiorine
concentration exceeds $ pprr at tv. solation dampers and the
me the dampers are completely ciosed. Note that if the chlonne
e12ciors are upsiream from the 1solation dampers, credit will be
aliowegd for the travel ume beiween the detectors and the
campers

o

1.95-4

dampers. The detector trip signal should aiso ret off
an alarm and provide a readout in the control room.
An alternative to the installation of remote detectors
would be to provide an isolation system using local
detectors but having an isolation time of effectively
zero. This can be accomplished by ensuring that the
time required for chiorine to travel from the chiorine
detector to the isolation damper, within the inlet
ducting. is equal to or greater than the time required
to detect th chlorine and close the isolation damper.

f. Type VI control rooms shouid include the
protective features in paragraph ¢ except that the
control room isolated air exchange rate should be
reduced to 0.015 air change per hour or less. For
isolated exchange rates between 0.015 hr' and 0.06
hr*' , linear interpolation of the weights given for
control room Types V and VI in Table | can be r de.
Verification tesung is required within this range of
exchange rates (see Regulatory Position 5).

4. The following should be applied to all control
room types (I through VI):

a. Immediately after control room isolation, the
emergency recirculating charcoal filter or equivaient
equipment designed to remove or otherwise limit the
accumulation of chlorine within the control room
should be started up and operated.

b. Steps should be taken to ensure that the isolated
exchange rate is not inadvertently increased by design
or operating error. For instance, the following shouid
be considered:

(') An administrative procedure should reguire
that all doors leading to the contrel room be kept
closed when not 1n use.

(2) Ventilation equipment for the control room
agd for the adjacent zones should be reviewed to en-
sure that enhanced air cachange pstween the ssolated
control room and the outside will not oceur (e.g.. if
there is a chlorine release, exhaust fans should be
stopped and/or isolated from the zontrol room ven-
tilation zone by low-leakage dampers or valves).

(3) A contro! room exit leading directly to the
outside of the building should have two low-leakage
doors in series

¢. The use of full-face seli-contained pressure-
demand-type breathing apparatus (or the equivaient)
and the use of protective ciothing should be con-
sidered in the development of a chiorine reicase
emergency plan. Because calculations indicate that
chiorine concentrations may increase rapidly,
emergency plan provisions and rehearsal of these
provisions are necessary to ensure domming of

breathing apparatus on detection of high chiorine

POOR ORIGINAL




concentrations. Storage provisions for breathing ap-
paratus and procedures for their use should be such
that operators can begin using the apparatus within
twq munutes after an alarm. Adeguate air capacity for
the breathing apparatus (at least six hours) should be
readily available onsite to ensure that sufficient ume
1 available to transport additional bottled air from
ofisite lccations. This offsite supply should be
capible of delivering several hundred hours of bot-
tled air 1o members of the emergency crew, A
minimum emergency crew should consist of those
personnel required to maintain the plant in a safe
condition, including orderly shutdown or scram of
the reactor. As a guideline, 2 minimum of five units
of breathing apparatus should be provided for the
emergency crew.

d. The air supply apparatus should meet the single
failure criterion and be designated Seismic Category
1. (In the case of self-contained breathing apparatus,
the single railure criterion may be met by suppiving
one extra unit for every three units required.)

The isolation system components should be of a
guality that ensures high reliability and availabilhty.
One method to meet these goals 1s to provide a
system that meets the requirements of TEEE-279,
“Criteria for Protection Systems for Nuciear Power
Generating Stations.” In all cases, the 1solation
vstem, recirculating filter svstem, and air condition-
ing svstem should meet IEEE-279 since they are re-
quired to maimtain a habitable environment in the
contral room during design basis radiological events

fic accentance criteria for the chlorine detec-
svstem and allied actuating electronics are as foi-

Level gteclors

(Vv Chlorine Concentration
detect and signal a chiorine con-

abizeautal . '
snOuUIG D¢ 0 o

v

]

i~
o

ppm

tem Response Time, The sysiem response
time, which incorporates the detector response ime.
the valve closure time, and associated instrument
cdelays, should be less than or equal to the required
isolation time.

(1) Sinzle Failure Criteria. The chlorine detection
svstem should be redundant and physically separate
1y accomniish desoupling of the effects of unsafe en-
vironmental factors, electric transients, physical accr-
dents, and component failure.

Loca! detectors should consist of two physically
separate channels for each fresh air injet. Each chan-
nel should consist of a separate power supply, detec-
tor, actuating electronics, and interconnecting ca-
bling. Remote detectors should also consist of two
separate channels having detectors located at the
chlorine unioading fagility.

1.95-5

(4) Seismic Qualification. The chiorine detection
system should be designated as Seismic Category |
and be qualified as such.

(%) Environmental Qualification. The detection
system should be gualified for all expected environ-
ments and for severe environments that could clearly
lead to or be a result of a chlorine release. The instal-
lation of the detectors should ensure that they are
protected from adverse temperature effects.

(6) Maintenance. Testing, and Calibration. The
manufacturer's maintenance recommendations are
acceptable provided they follow sound engineering
practice and are compatible with the proposed ap-
plication. A routine operational check should be con-
ducted at one-week intervals

Verification tesung and calibration of the
chlorine detectors and verification testing of the
system response uime should be conducted at six-
month intervals.

§ The gross leakage characteristic of the control
room should be determined by pressurizing the con-
trol room to | ‘8-inch water gage and determining the
pressurization flow rate. (The use of a higher pressure
differential is acceptable provided the flow rate is
conservatively adjusted to correspond to 1/B-inch
water gage.) For air exchange rates of less than 0.06
hr*. periodic verification testing should be per-
formed. An accepiable method for penodic testing
would be the use of a permanently installed
calibrated pressurization fan. The system would have
a known pressure-versus-fiow charactenistic so that
the ieak rate could be determined by measuring the
control room pressure differential. Testing should be
conducted at least every six months and after any ma-
jor alteration that may affect the control room
leakage

6 Emergency procedures to be imtiated in the
event of a chlorine release should be provided.
Methods of detecting the event by station personnel,
both during normal workday operation and during
minimum staffing periods (late night and weekend
shift staffing), should be discussed. Instrumentation
that has been provided for the detection of chiorine
should be desaribed including sensitivity: action in-
itiated by detecting instrument and level at which this
action is initiated: techmeal specification imitations
on instrumen: availability, and instructions for
maintenance, calibration, and testing. Criteria should
be defined for the isolation of the control room, for
the use of protective breathing apparatus and other
protective measures, and for maintenance of the

.plant in a safe condition including the capability for

orderly shutdown or scram of the reactor Criteria
and procedures for evacuating nonessential personnel
from the station should also be defined
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complying with specified portions of the Commis-
se of this section is to

P
the NRC

sion’s regulations, the method described herein is be-
ue 1o ed in the evaluation of

applications until

suggestions from the
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