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This document compares selected features of the CANDU 3 Containment System to U.S. NRC
requirements. Four is ues including: containment load combinations, containment structural
design for accidents, containment isolation, and containment heat removal, are discussed.

These comparisons lead to the conclusion that, despite the design differences, the CANDU 3 design

provides an adequate level of safety,
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¢ Containment Load Combinations

The U.S. NRC and Canadian Standards apply two different approaches in determining the
loads and load combinations used for containment analysis. This issue demonsurates that
both of these approaches provide adequate safe. -

¢ Containment Structural Design For Accidents

The CANDU 3 structural design is shown to meet an adequate level of safety compared to
the requirements of an LWR with large dry containment, for postulated accident scenarios.

¢ Containment Isolation

U.S. NRC and CANDU 3 goveming requirements, both specify valve configurations
required to ensure prevention of radionuclide release to the environment. The CANDU 3
configurations are shown te provide a level of safety equivalent to that of the U.S. NRC
requirements.

¢ Containment Heat Removal

The U.S. NRC regulations specify a heat removal system © - *igned with safety-grade
requirements. The CANDU 3 containment heat removal system is not considered nuclear
grade. However, it is shown that the CANDU 3 containment heat removal system is
sufficiently qualified and reliable to provide an adequate level of safety comparable to that of
the U.S. NRC requirements.

Therefore, despite differences between CANDU 3 and the LWR designs which
underlie the U.S. NRC requirements, CANDU 3 containment features are shown to have
adequate safety for each of these key issues.

Note that each of these issucs is presented in a self-contained chapter with its own
set of references, figures, and appendices.

\
|
The following issues are discussed:
\

Sz N5
™
e
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CHAPTER 2

EQUI SAFETY ISSUES

CONTAINMENT LOAD COMBINATIONS

by

S.J. Barues

R. Ricciut













NRC for LW i design, per ASME

per CAN3-N287.3 and AECL d

‘l'\‘\:‘.\ \~‘ ’ . [ ’ «.".-l'\ . .‘
e ASME load

U

ection III
Sign
\U'n(;"\ ( ‘ f\d)u. i »5 [ IC1
4 ’\-,".\;!x.')u”

§ y (reli alves and 1ugh actuation) is
uded ir CSA-N287.3 R, and ad categor A cx; lained in Appendix 2A, the limit
ate method allows for the effec f cree rinkage and thus these loads are

\\‘ \-' 3 .x\‘.!\! \4'7'*’.{1.. Ol
The difference in load {
ASME and CSA codes

rein
OaAl

et

ther load categones
other |

For
energy de

i
gvice

1 .
Au‘ud’.\f in
to the 1

factors for service category load combinations, between
¢ vorking stress design m mmli it /\S'\ﬂ'. and the
SA. However, as discussed in Appendix 2A, the application of
I;t:..x state m

the working stress

CLors ‘L“\'."I n
e " i\ { hy
« ¢ A -l ¥
SEVEere envit )
Categonry

Howe

the

design method
ion does not exist in CSA codes. The severe
for the ts of wind and an operating bas
ffects of wind unc he normal service

; n earthquake (SDE
; ven in Appendix 28.)
| the normal service

G x\! wind) ?..-.\‘: C(

clie 18

(The
The SDI

3 whose failure can result in a loss of
§ asis earthquake
ASMI

+
» (DBE) l'»\?:u.‘lu"r"\[‘n'\\'\
and so the combination of LOCA and DBI
the CANDI

3 containment structure. These
' stress limits. The CSA
ncreased pressure

f the non-seisn
ts specify ASME leve ‘1)' stress
* load m.".ﬂ‘:r:uw.\rw
AlSO, /

nment
LHOTHNCH

1§ per
ASME considers the combinatior
ron ital load ¢

ategory







S 160M 50
o
sunoe

26

2.6-1
2.6:2
2.6-3

2.6-4

TTR-411 Page 2.6 - |
Rev. 0

REFERENCES

Code of Federal Regulativns, Chapter 10, Part 50, 10 CFR 50.34, (f) (3)(v).
ASME Code for Concrete Reactor Vessel and Containments, Division I, CC-3200.
Canadian Standards:

CSA CAN3-N287.3, “Design Requirements for Concrete Containment Structures for
CANDU Nuclear Power Plants”, Canadian Standards Association.

CAN3-§16.1-M89, “Limii State Design of Steel Structures”, Canadian Standards
Association.

CAN3-A23.3-M84, “Design of Concrete Structures for Buildings”, Canadian Standards
Association.

MacGregor, 1.G., “Safety and Limit States Design for Reinforced Concrete”, Canadian
Journal of Civil Engineering, Vol. 3, 1976, pp 484-513.



service Category

Abnormai/Environmental Category
= — .

Abnorr

| 1
|




YR 160450
™
1601

Se

Ty

To

Qu

Q

TTR-411 Page T.2-2
Rev. 0

(a) pipe reaction (R,);

(b)  jetimpingement (R)): and

(¢)  impact (Ry) of a ruptured pipe on the containment component or element
under consideration.

pipe reactions from thermal expansion generated during an accident.
pipe reactions during normal operation, shutdown or start-up conditions

load effects due to shrinkage and creep including the effects of concrete mix
compositions, cement content and type, relative humidity, age of concrete at load
application, thickness of concrete elements, differential shrinkage and external

restraint.

design accident temperature load caused by the temperature within the containment
due to LOCA, LOCA + LOECC or LOCA + LOAC.,

thermally induced loads that may occur during construction, test, or normal
operating and shutdown conditions, and including the severest combination of
internal and external ambient temperatures, producing the maximum effect.

loads generated by the design wind specified for the site in accordance with the
requirements of the National Building Code, and with a probability of being
exceeded once in every 100 years,

loads that may be generated by the design tornado specified for the site
Q, shall include the effects of:
(a)  tornado wind pressure (Qyp)

(b)  differential pressure loads (Q.4) due to rapid atmospheric pressure change; and

(c) tornado- generated missile (Qyy) impact.
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2A.12 THE LIMIT STATES METHOD

Limit States design is a design method in which the performance of a structure is
checked against limiting conditions at appropriate load levels. The limiting conditions to be
checked in structural design are Ultimate limit states, Serviceability limit states and Damage
limit states, Ultimate limit states are those states concerning safety, such as exceeding of load
carrying capacity, overturning, sliding and fracture due to fatigue or other causes. Serviceability
limit states are those states in which the behaviour of the structure is unsatisfactory, and include
excessive deflection, excessive concrete cracking, excessive vibration ar i excessive permanent
deformation. Damage limit states are related to non-structural damage.

Essentially the Limit States design method attempts to ensure that the maximum
strength of a structure (or elements of a structure) is greater than the loads that will be imposed
upon it, with a reasonable margin of safety. This is known as the “ultimate limit states
criterion”. In addition the designer attempts to ensure that the structure will fulfil its function
satisfactorily when subjected to service loads. This is the “serviceability limit states criterion”.
The “damage limit states criterion™ aims to reduce the probability of occurrence of
non-structural damage in a structure such as premature or excessive cracking or spalling of the
concrete or damage to non-structural elements,

Therefore, Limit States Design is a design process that involves :
1. Identification of all potential modes of failure (Limit States).
2. Determination of acceptable levels of safety against occurrence of each limit state.
3. Consideration by the designer of the significant limit states.

2A.1.2.1 Basic Ultimate Limit States Design Equation

The ultimate limit states criter' ~n is related to a structural collapse of part or all of
a structure. The ultimate limit states should have a very low probability of occurrence since i
may lead to loss of life and majo: iinancial losses. The basic equation for checking the ultimate
limit states condition is the following:

R2ayD+yy (e L+a.E+a,T. . . otherloads) (3)

¢ = Performance factor,

R = Nominal resistance of a structural element;
Y = Importance factor,

"} = Load combination factor,

ag a0, @, = LoadFactors;

DLET = Specified loads for Dead load (D), Live load (L), Earthquake (£) and
Temperature loading (T).

The number of load combinations and the applicable loads are specified in the
appropriate design codes (e.g. CSA Standards CAN/CSA-N287.3-M91, CAN3-§16.1-MG9,
CAN3-A23.3-M84, Reference 2.6-3).



On the left side of equation 3, the performance factor ¢ is applied to the nominal
men k’('.’ \'..r'\'."r."\y' , Or resistance, 10 take 1nto account i’t‘\' 1act U’ il (he ».\..uul strength Oof a member
:
may be less then anticipated due to variability of material properties, dimensions and
workma The performance factor also may take into account the type of failure anticipated
for the n er and the uncertainty in the prediction of the member resistance

) . r » ' § ’ 8 o - r | » » 3 » r~ [} “t .
['he resistance, R of a structural member, connection or structure is

strength based on specified materia dimensions and equations d; scribing the

t

anret
VUG U

Hence, the limit states requirement specifies that the factored resistance of a

p 1 1 ) ¢ } Tavs | f
+ " 199 s - : ) " ' -
structural ele” <nt ¢R, 1s the product of

or exceed the effect of the factored loads

% . o v P~ v i 114
esistance and the performance factor and must equal

account the consequences of

collapse as related to use and occupan

ity of a number of loads from differe

(E)

The load factor, a, by which a “;\\..'.‘-’ load 1s mul

i b 1 ‘ o 7
iplied to obtain a factored

load takes into account the possibility that loads larger than those anticipated may aci un the
structure, the uncertainty involved in predicting the loads, and the approximation in the analvsis
5 & ' o' o 7

f the effects of the loads on the

load factors, 0g 0| (L . ¢ €l are

as~igned to the different load effects, thus recognizing the uncertainty of predicting dead load
accounted for by 0y) is less then the uncertainty of predicting live load (as measured by o

I'he ultimate limit states design uses a maxin nlity of failure method to
achieve an appropriate safety margin in the structural desigr ematical terms, the

e I &

probability of structural failure is expressed |

) { 1 A

Pi=P[(R-U) < 0] (4
~.‘.“Y('

) } ¢ Liire

P- = Probability of Failure

n equation 4, (R-U) represents the safety

U follow standard distributions (e.g. normal distributior ility can be calculated or
obtained from tables provided the dispersion of data for R and U is known. Generally equation 4
1s not used directly b*;m:;\:’ of the work involved in evaluating the probability of failure for
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Thus the Limit States design philosophy is generally recognized to be a more
rational approach for establishing structural safety. Furthermore, it is able to address the four
major drawbacks that exist in the working stress definition for safety factors.

2A.1.2.2 S. _viceability and Damage Limit States

Serviceability limit states is related to disruption of the functional use of the
structure. Serviceability criterion include excessive deformations for normal service and
undesirable vibrations.

Damage limit states can tolerate a higher probability of occurrence than the
ultimate limit states since these criterion generally do not reduce the structural safety margins.
Damage criterion is measured by: premature or excessive cracking; excessive deformations
leading to non-structural damage or changes in the distribution of forces; permanent inelastic
deformations.

2218050
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CHAPTER 3

EQUIVALENT SAFETY ISSUES

CONTAINMENT DESIGN FOR LOCA AND STEAM LINE BREAK ACCIDENTS

P.Z. Rosta
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architect-engineer). The Section states that the “Design Pressure shall not be less than the

maximum difference in pressure between the inside and outside of the item, ..., which exists

g 1 3 sy ! N > Yy c ar v Vi e . " \
€ lo 1§ for which the Level A Service Limits are applicable. The Design
Pressure shall include al es for pressure surges, control system error, and system

| Similarly, the Section also specifies the

I'he ASME Code sets out the design requirements for concrete containments with
regard to the structural concrete press 1, the metallic liner, and :?‘:‘: pc:‘lf".r‘;m(.\:u
i,

llic liner is not used

treanoth alamant rtha ntatr inte . s with the . ' "t
ds a strengih eiement 10r tne contal nteraction with the concrete containment
1S used for determining the evaluati stresses in the liner
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The containment load combinations are specified by NRC's NUREG-0800

'he ASME Code considers as service loads any loads encountered during
P C P 140 nAd in the norm aratinn f an lear nower nlant 1 { < a
construction 4nd in the normal operation Of a nucieal }\nw\\. iant .u.JuLuH St U\ I\Hu\ are
any ant and emergency startup and shutdown of the

_— . g
0 included in this category are those

1 a W ant N fiimr e life | y
loads which may be anticipated during the life of the tn ity

The ASME design is based on “factored load" requirements, where the “factored
d

loads include loads encountered infrequently, such as severe environmental, extreme
ANVITONM AT ~e factored Sever Xxtreme and ahnn *1".1 1”‘ i
COavironmel ¢, 1aClorca, vere, ne and aonormal 1oad

categories an

iv.2, CC-3000
The allowable stresses ar fined in CC-3000

Limitations on maximum concrete IT‘I‘.‘.;‘(‘T‘

h R 1 £ tha o £ iha sl -
'he ASME sizing of the concre the reinforcing
E E
‘working stress” method. which specifies load combinations v —
WOITKINE SU \\ MO0, WG 1 IPCLLIICS 10ad COMMDInanons ll..A;.\ sC 1
s haaad - h satarial 4 Rsadal
has no factoring for the matenal attmbutes







CANDU 3 APPROACH
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envelope. It is assumed that before the most severe pressurizing accident the cor inn
i .

Intact ar

Al

1d 1n its normal operating mode, the access doors and equipment hatch are closed and the

components i the

ol [he conlainment system ;’\c'r‘?.'-zvz. within specifications EXCepl that some of the air
coclers may not be available

After a LOCA or a SLB accident the triggering of the containment isolation is

based on detection of increased levels of containment pressure or radioactivity, and the isolation
1s automatic. A primary LOCA event may initiate isolation by either pressure increase or

acuvity release, while a secondary side steam line break (SLB), practically without radioactivity
will likely cause isolation by high pressure only. The CANDU 3 containment response to an
SLB is also analyzed by assuming some pre-existing leaks in some boiler tubes, in which case a
minimal, acceptable amount of r..d, activity may be released from the containment

The CANDU containment structure design and construction conforms with the
applicable Canadian Standards in the N287 series (Reference 3.6-7) and in the N285 series
‘kn'tcrcn;c 3.6-8). Key requirements set by these standards are given here to highlight some of
the relevant design aspects

CAN3-N287.1-M82 classifies a concrete containment structure and its embedded
parts as “Class containment”. CAN/CSA-N285.0-M91 classifies the components of a

containment system, with a concrete containment structure and its appurtenances capable of

Closure in the event of an accident, as a Class 4 system. If the Design Pressure is larger than §

psig (35 kPa(g)), the system has 10 be de signed, fabricated mxuhc‘d inspected and registered

(including the necessary documentation) by the appropriate ministry department having
junsdiction for the site
CAN3-N287.1-M32 presents the following design requirements

A containment Design Pressure that is higher than the

calculated peak value of overpressure
in design basis accidents, which are selected from postulated singl
accidents of the PHTS e.g

1gle failure and dual failure
» loss-of-coolant accident (LOCA) for single failure accidents,
and LOCA with coincident unavailability of the Emergency Core Cooling System

(LOCA + LOECC), for dual failure accidents

Pipe reaction force values for the steam and feedwater system main piping and other parts of

the heat transport and steam systems that require anchorage in the event of rupture

Temperature values and, where applicable, their predicted duration for
I. Normal operating conditions;
Safe shutdown conditions; and

All accident conditions (this includes the effects of higher temperatures caused by

superheated steam as well)

Site-dependent loads obtained from the National B uilding Code of Canada, and other
prescribed sources;

A leakage rate acce ptance value approved by the licensing authority, to which a factor is
g

applied in order to determine the maximum allowable leakage rate
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To be consistent with the AECB R-7 regulatory requirements (Reference 3.6-6)
the CANDU 3 design identifies:

a. test acceptance leak rates, and
b. maximum allowable leak rates.

For practical purposes the test acceptance leak rate level is taken as the design
leak rate.

CSA Standard CAN3-N287.3 prescribes the load categories, load combinations
and the permissible levels of stress and strain for the containm=nt structure. These are further
discussed in Chapter 2.

The physical design of the CANDU 3 containment is in conformance with the
outlined approach. The CANDU 3 steel-lined reinforced concrete containment structure, with
upright cylindrical perimeter wall, flat base slab and torispheroidal dome (Figure 3-1) is very
similar to a number of U.S. PWR containments.

The sizing of the CANDU 3 containment structure was initiated by equipment
layout considerations and sizing of the free air volume 1,380,000 cu.ft (39,100 cu.m) on pressure
peak considerations. The sizing of the concrete wall thickness was based on shielding and
structural requirements. The choice of a steel-lined, reinforced concrete structure was based on
constructability, maintainability, repairability, life expectancy, lack of cable inspection, proven
design, etc.

The containment cylinder has an outside diameter of 134.5 ft (41 m), a height of
180.7 ft (55.1 m), and a uniform wall thickness of 3.94 fi (1.2 m), except at two locations
adjacent to internal subcompartments, where extra shielding is needed. The containment
perimeter walls are above grade level and are subject to atmospheric pressure.

The Canadian Standards require the containment to withstand the worst LOCA
Design Basis Accident (DBA). The DBA does not require a combination of primary and
secondary accidents with seismic events. In fact, the CANDU design is set on a DBA pressure
based on the worst primary circuit accident, but makes certain that the worse pipe break accident
in the secondary circuit, which may create a minimal radioactive load, is still safe for
containment structure integrity and acceptable for activity release levels. The main design 8pects
of CANDU 3 containment for primary LOCA and secondary SLB accidents are discussed in the
next Section.



3.4 EVALUATION

The choice of the containment Design Basis Accident (DBA) pressure is based or
peak pressure predictions of a spectrum of postulated significant pipe break accidents. CANDU
reactors as well as U.S. PWRs, have indirect cycle heat transport systems from the reactor to the

steam turbines. In either reactor type, pipe breaks ;11.:). occur in the primary and secondary

» = & "o i 4 Rz o s Hal ) TESNT 1 - ) "

coolant circuits. In a PWR both circuits use light water (H In CANDU reactors only the
.19 ' ~l t 4 1 . oy ¢ > v ayv . .

€I circuit coolant is light water, and the primary Llh.!l!un'fu it is heavy water (D;0)

For CANDU 3 the maximum pressure of 26 psig (180 kPag) is obtained from the
peak pressure of a 100% ;um" guction ‘w ider break primary LOCA coincident with a
85-0f-emergency core cooling (LOECC) according to Figure 3-2. A 10% margin was added in
this case, and therefore a MM pressure of 29 'w:y (200 kPag) is used for primary LOCA events
in CANDU 3 containment. This is the containment DBA pressure used for abnormal design
ndition. This LOCA + LOECC transient .x':.n rr‘r;:v::\ the largest amount of radioactivity from

& primary circuit into the containment. Aiso, due to the loss of the emergency core cooling,

¢
' )
C

1
<
>

e very high, and the coniainment heat removal systems

ened heavily and the containment wall would experience the highest temperature

As. In SLB accidents the discharged steam (which becomes superheated when the

\dary coolant level drops below the top end of tl *at exchanger U-tubes) will cause
containment wall temperatures than the primary LOCAs., These high wall temperatures

V1 n rd CAN3I-N2R7 ] N srmitted i ] ¢ ( :
within CSA Standard CAN3-N287.1-MB8Z permitted limits and taken care of in the civil

o~

engineering stress calc il 1
I he radioactivity releases after this severe primary LOCA, and the rac
dosages and nsks to the nopulation are also evaluated and are within allowable limits
With a double-ended break of a main steam line the peak pressure in the
" nment 1 \ o h ne lv §5§ s <1 (Al VPao by } N N
containment may reach nearly 58 psig (400 kPag) at half hour after the break, in the most severe
p —— § . HPY, tavire 2
case, 1f none of the air coolers are credited (Figure 3-3). At that time operator intervention car
o s the nre e 10 o Tyl 1 Fys emotelv onenine > ¢ - ¢ / <
reduce the pressure in th Iding by remotely opening some of the Main Steam Safety Valves
S / Tdonre 3.2 ehowe the & st (O N ro nening ¢ ¢ . }
MSSVs }; ) SNOWS the elleCt on pressure (‘f:p’.l,;.“& all \‘;?" MSSVs. Even the

opening of one MSSV would depressurize the building but at a slower rate. Based on this
extremely conservative SLB accident, a design pressure of 61 psig (420 kPag) is used to
I~11late the r nment oo op £t o team ling |}
caiculate the containment stresses after a steam line break. With half of the air coolers credited,
|

the peak pressure reaches only about 43 psig (300 kPag) in about the first minute, and the

pressure slowly decreases afterwards (Figure 3-4) I?::‘ di‘[“-"i‘ﬁ&h’“‘. .lflk‘ﬂ rate of the containment

can be increased at half an hour after the break by opening some MSS The containment
atmosphere temperature is predicted to be in the range of about 266 to 284°F (130-140°C) in the
first half hour, without any or with half of the air coolers, and the atmospheric temperature

3 i
WAL l’\-i\\\ \¢A \.r A .\;A>\J\
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In the CANDU 3, after a secondary coolant circuit SLB accident, there is no
\;gmfudr.'\ release of radioactivity into the containment. In the CANDU 3 reactor any fuel
failure during normal operation is \‘f"f.\',\:".(l'\ monitored and r.x;71\11; identified, and the failed fue!
1§ !’(‘;"’LJ'.C‘L‘ by new fuel using the on-power fueling machine. Leakage of the heavy water
primary coolant in a steam generator into the light water secondary coolant, via cracking of a
boiler tube, is also carefully monitored and safeguarded. If the leakage rate exceeds the level at

which a failed boiler tube could be identified, the reactor is shut down and the failed tube 1
plugged. This operating requirement also evolved from an economic penalty associated wuh
heavy water losses from the primary coolant circuit. The fueling machine is supplied with
environmentally qualified backup cooling for the SLB case, so there will also be no releases
from the fuel handling system. Thus in a CANDU 3 SLB accident there is practically no release
of radioactivity to the environment and no r;~',-‘ to the public. The CANDU 3 containment
building was designed to remain structurally sound after a SL.B accident, to prevent damage to
the contained reactor system

The CANDU 3 containment building is designed for numerous combinations of
loads. The extent and size of the rebars is calculated according to the limit state design method
required by the CSA N287 series of standards (Reference 3.6-7

(described in Chag ." in nd dead loads, thermal loads and abnormal
loads with load tdun. s allowing for load uncertainties. The thermal effects incl

include not only
differential temperatures bety de and outside of a

AN WA

), The load combinations

concrete wall, but also the actual peak
eratures of the concrete

According to CSA/CAN3-N287.3-M91 the primary LOCA-based Design

e is of concern in the Service Load Category pressure ¢

I ure test load combination (with a load
[ 1.7) and in the Abnormal/ Environmental Load Category abnormal load combination
ad factor of 1.5). The containment building is also designed for a 501!\: combination
which includes the peak }‘f‘;'\\;if't' after a secondary steam line break (with a load factor of 1.0),
in combination with other loa« Thus for both the primary LOCA-based and the secondary
SLB-based accidents the C .»\T\IN' 3 containment structure performs with safety and struc
urrence

ence of a LOCA or of a SLB inside containment together with a DBE is

v 43

ural
1c
exclude n adequate seismic qualification and design mar
structures

gins of components and

1gn for the pressure test load combination in the Service l.oad Category is

performed for the test pressure of 33 psig (23C kPag), which is 15% above the Design Pressure,

resulting in small elastic response only. This test provides a proof of verification for the

methods of the structural design of the containment building, and also provides a measure of the
o

leak- [x!_,..




TTR-411 Page 3.4-
Rev. 0

The low carbon (mild) steel liner is not credited in the evaluation of stresses of
the containment structure, but the stresses and strains of the liner are checked for all containment
load combinatic 1s. In additon, the transient LOCA thermal loads, which are seen by the liner
only, are also considered in its design. The CANDU 3 liner is about 1/4-inch thick (6 to 8 mm).
and is secured to the walls with studs. The liner serves as the barrier against releases of
radioactivity through the containment walls, preventing the out-leakage of the containment
post-LOCA armosphere or liquid effluents from a pressuri ed containment via any porosity and
micro-cracks in the concrete. Finally, the liner is readily reparable. The CANDU 3 steel liner
satisfies the U.S. design, construction and inspection requirements

The cverall leakage rate of the containment is determined during commissioning
by the initial leakage rate tests at 15% above the design basis accident pressure and later on at
intervals required by maintenance. The test acceptance leakage rate is 0.5% of the containment
building free volume/day during the commissioning test. In lorng term operation the permissible
leak rate for a containraent may be increased I *. ‘e remair to the steel liner becomes necessary,
~he a~ceprability of a higher liniit of leakage . <etzrmined from evaluations of doses and
risks -« (e public, after credible accidents with a propased increased leakage rate. The leakage
ra’s 1s tested periodically, and if the test acceptance leakage specifications are exceeded the
coutainment liner is repaired and other leakage preventing measures are taken. While the p!

15 operating the building air pressure, temperature, etc. are monitored to provide timely
indication of any gross breach of containment

In a CANDU 3 reactor containment the containment volume to reactor power
ratio is large, and this feature helps to pre. _at large, fast pressure build up. The carbon steel
liner also serves to condense steam on the containment wall. An initial pressure increase after a
prrmary LOCA can be turned over by condensation on building walls and internals, and in the
longer term the building pressure is brought down by air coolers. After a SLB the building

b

pressure can be brought down by the air coolers or if air coolers are not available by opening
some Main Steam Safety Valves (MSSV)




TTR-411 Pag
Rev

(‘)\( '()\\

he containment structure is designed to survive the depressurization of the
primary coolant system without structural damage and without u:‘.zupc'wable release of
radioactivity to the environment. Most of the design reflects established CANDU practices and
operational experience accumulated over many years of service m:h single unit CANDU
reactors which utilized several aspects of the CANDL ﬁ containment design. The containment

design is in agreement with . e Atomic Energy Control Board (AECB) regulatory policy

document R-7

of 1991 which sets forth the nuclear reactor containment rcquircmcm&. and is in

agreement with the applicable codes and standards in Canada, in partdcular the CSA Standards
for CANDU containme

' r
it structure

The CANDU 3 containment structure and its liner are designed for overpressure
due to both primary LOCAs and secondary side steam line breaks satisfying the requirements of
the applicable Codes and Standards. The containment integrity and its leak-tightness are assured
after all probable primary and secondary coolant circuit break accidents. A coincident
LOCA + LOECC is a DBA for the containment; similarly a SLB isa DBA. A CANDU

d factor of 1.0 for the steam line break case, does not result in

structural damage or uncontrolled release of radioactivity

. . N TS S 7Y 3 \ 4 1 . ¢
containment, designed with a loa
ac

'HI '.04 of - ) '
Therefore, th

vide an adeguate level
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CHAPTER 4

EQUIVALENT SAFETY ISSUES

CONTAINMENT ISOLATION SYSTEM

By

F. Ardeshin
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4.1 INTRODUCTION

The CANDU 3 containment isolation system is a subsystein of the containment
system which is identified as a special safety system in CANDU design concept.

The regulatory requirements for the design of the CANDU 3 containment
isolation system are described in AECB Regulatory Document R-7 “Requirements for
Containment System for CANDU Nuclear Power Plants” (Reference 4.6-1). The CANDU 3
containment system design defines an envelope around the reactor core, the heat transport
system, the moderator system, and auxiliary systems, and forms a barrier to limit the release of
radioactive material to outside environment during normal reactor operation and accident
conditions including LOCA.

This report documents an evaluation of the CANDU 3 containment isolation
system design based on U.S. Nuclear Regulatory Commission regulations and guidance. The
applicable U.S. licensing requirements and guidance for Light Water Reactor (LWR) plants for
the containment isolation system are outlined and the CANDU 3 approach for the containment
isolation system design is provided. Similarity and differences between U.S. design and
CANDU 3 design and their impact on certification of the CANDU 3 with U.S. Nuclear
Regulatory Commission are identified and evaluated. The intent of this chapter is to show that,
in spite of differences, the CANDU 3 containment isolation system has a level of safety
equivalent to the requirements of the U.S. NRC,



SR 160M 50
™R
001

TTR-4]11 Page 4.2-1
Rev. 0

42 NRC REQUIREMENTS AND GUIDANCE

The design objective of the containment isolation system for Light Water Reactor
(LWR) plants is to prevent the escape of radionuclides through the containment boundary
following accidents. Major U.S. NRC requirements on containment isolation are attached in
Appendix 4A for convenient reference.

U.S. NRC Standard Review Plan (SRP) 6.2.4, “Containment Isolation System”
(Reference 4.6-2), provides the guidance and standards for the containment isolation. The
following NRC Regulations and Regulatory Guides are applicable to the Containment Isolation
System:

e 10 CFR Part 50.34(f)(2)(xiv), “Containment Isolation™ (Reference 4.6-3, Appendix 4A.1),

¢ 10 CFR Part 50, Appendix A (Reference 4.6-7 Appendix 4A.2),
-~ “General Design Criterion 54 - Piping Systems Penetrating Containment”

- “General Design Criterion 55 - Reactor Coolant Pressure Boundary Penetrating
Containment”

-~ “General Design Criterion 56 - Primary Containment Isolation™
“General Design Criterion 57 - Closed System Isolation Valves”.

¢ Regulatory Guide 1.26, “Quality Group Classifications and Standards for water-, steam-, and
radioactive-waste containing components of Nuclear Power Plants™ (Reference 4.6-5).

e Regulatory Guide 1.29, “Seismic Design Classification” (Reference 4.6-6).

¢ Regulatory Guide 1.11, “Instrument Lines Penetrating Primary Reactor Containment”
(Reference 4.6-4).

10 CFR Part 50.34(f)(2)(xiv) (See Appendix 4A.1) requires containment isolation
using two valves in series. The containment isolation system should include automatic closing
on a high radiation signal for all systems that provide a path to the environment. It should also
utilize a containment setpoint pressure for initiating containment isolation, as low as is
compatible with normal operation.

GDC 54, “Piping System Penetrating Containment” (See Appendix 4A.2) is
concerned mainly with leak detection, isolation and containment capabilities of the piping
systems penetrating primary reactor containment.

GDC 55, “Reactor Coolant Pressure Boundary Penetrating Containment”
(See Appendix 4A.2) deals with the isolation valves required for each line that is part of the
reactor coolant pressure boundary and that penetrates the containment.

GDC 56, “Primary Containment Isolation” (See Appendix 4A.2) deals with the
isolation valves for lines that connect directly to the containment atmosphere and penetrate the
primary reactor containment. For these lines, two containment isolation valves in series, one
inside and one outside containment, should be used.

GDC 57, “Closed System Isolation Valves” (See Appendix 4A.2) is concerned
with isolation valves for each line that penetrates primary reactor containment and is neither part
of the reactor coolant pressure boundary nor connected directly to the containment atmosphere.
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The above NRC General Design Criteria require that each containment
penetration be provided with a redundant barrier so that in the event that a single failure is
postulated and one barrier does not perform as intended, the containment integrity is maintained.
NRC Standard Review Plan 6.2.4 (Reference 4.6-3) and Regulatory Guide 1.141, “Containment
Isolation Provisions for Fluid Systems” (Reference 4.6-8) provide acceptable alternative
arrangements to the explicit arrangements given in GDC-54, 55, 56, and 57.

Containment isolation provisions for lines in engineered safety feature systems
normally coneist of two isolation valves in series. As per SRP 6.2.4 Section I1.6.¢
(Reference 4.6-3), a single isolation valve will be acceptable if it can be shown that the system
reliability is greater with only one isolation valve in the line, the system is closed outside
containment, and a single active failure can be accommodated with only one isoladon valve in
the line. The closed system outside containment should be protected from missiles, designed to
seismic Category 1 standards, classified Safety Class 2, and should have a design temperature
and pressure rating at least equal to that for the containment. The closed system outside
containment should be leak tested. For this type of valve arrangement the valve is located
outside the containment, and the piping between the containment and valve should be enclosed
in a leak tight or controlled leakage housing. In lieu of a housing the piping and valve design
should conform to the requirements of SRP Section 3.6.2.

The use of a closed system inside containment as one of the isolation barriers is
acceptable if the design of the closed system does not communicate with either the reactor
coolant system or the containment atmosphere and the system is designed as Class 2, Seismic
Category 1, capable to withstand the containment design temperature and external pressure from
containment acceptance test, the system is protected against missiles and pipe whip, and is
designed to withstand LOCA transient and environment.

As per SRP 6.2.4, Section I1.6.h, the systems penetrating the containment are to
be classified as either essential or non-essential 10 accident management. Essential systems may
include remote-manual containment isolation valves, but provisions should be made to detect
possible leakage from the lines outside containment. It is also required that non-essential
systems be automatically isolated by the containment isolation signal,

According to SRP 6.2.4, the containment isolation system is required:

to be designed as seismic category 1 and classified as Quality Group B in accordance with
the Regulatory Guides 1.29 (Reference 4.6-6) and 1.26 (Reference 4.6-5) respectively, unless
the service function dictates that Quality Group A be applied,

to be designed to provide the valve operator to be in the “safe” position following loss of
power; the valve should also be provided with position indication in the control room,

to be designed to meet the requirements of Regulatory Guide 1.11 (Reference 4.6-4) for the
instrument lines penetrating the containment; this basically requires that a single isolation
valve capable of automatic operation, located outside the containment be empleyed. In
addition, instrument lines that are closed both inside and outside containment, are designed
to withstand the pressure and temperature conditions following a LOCA, and are designed to

withstand dynamic effects, are acceptable without isolation valves
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The line from and including the isolation valve closest to the containment, up to and
including the outer isolation valve is part of the containment envelope and is constructed to
the requirements of ASME Code Sc\ tion IIT Class 2.

it

HTS Auxiliary Systems Penetrating Containment

1. Lines that are connected to the Heat Transport System (HTS) and penetrate the
containment structure are provided with two Class 1 isolation valves in series. The
normal arrangement is one inside and one outside containment. Two valves in series
inside or outside containment structure to provide equivalent barrier are acceptable

For lines connected to the HTS that are open during normal plant operation, one of the
two isolating valves shall be either an automatically closing (e.g., check valve), or a
powered 1sol lation valve operable from tm control room. Note that the provision of two
check valves in series is not considered as an acceptable barrier. Manual (i.e., not
powered) isolating valves must not be uscd inside the containment structure. Chec
valves used as an isolation barrier must be located inside the containment structure

For small lines 25-mm (one-inch) diameter or less, a s single closed Class 1 isolation valve
inside containment is used, provided the line is connected outside containment to a
closed system

The line from the HTS up to and including the outer isolation valve is tructed to the
requirements of Class 1 per CSA Standard CAN/CSA-N285.0-M91 ( 'ue-lh 9) which
essenti 1ally implies ASME Code Section I1I, Subsection NB. If the outer isolation valve is

inside the containment, then the line from the outer isolation valve to containment
penetration is constructed at least to the requirements of Class 2 Code

All (} “*" S\ \(t ms Penetrat ing \ ontainment

For closed systems inside or outside containment which form part of t‘"{‘ containment
C'T\t"*"P’-‘ meet the requirements of CSA Standard CAN/CSA-N285.0-M91
(Reference 4.6-9) Class 2 (this implies ASME Section ITI Class 2) and can be

continuously monitored for leaks, no further isolation is used

All other closed systems penetrating containment, which meet the requirements of CSA
standard CAN/CSA-N285.0-M91 (Reference 4.6-9) Class 2 but can not be cont inuously
"\\"'Iu"‘d for leaks, are provided with a single isolating valve on each line penetrating

, located outside containment as close as practicable to the containment
etructure

Sl ULIUL.

Those closed systems inside containment, which have a design pressure at or greater than
b e ,
2.5 psig (0.5 MPa(g)), and are continuously operated at or above containment design

pressure at all points in the system, and which can be monitored for leaks, are provided
with a single manual isolation valve located outside the reactor bmdmg on each line

etrating containment
curaling containment.
&

standard CAN/CSA-N2 91 Class 6 (Reference 4 (»Ei., uh;‘ implies non-nuclear

standard
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d. Instrument Lines

1. For small bore ductile tubing (3/4-in (19 mm) or less), crimping of the tube is a means of
providing containment isolation when the tubing designated for crimping is in an
accessible area and is readily identifiable.

2. All other instrument lines penetrating the containment are provided with isolation valves
as described above suitable for each appropriate application.

D60
TR
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EVALUATION

The information in Sections 4.2 and 4.3 show that both CANDU 3 design and
U.S. design prevent the escape of radionuclides that may result from postulated accidents. Both
designs require that the containment isolation function be maintained assuming any single active
failure in the containment isolation provisions.

The practice for LWRs, sanctioned by the NRC in SRP 6.2.4, is to have the
containment isolation system design incorporate all requirements for safety-grade systems,
including redundancy of isolation ‘evices, nuclear code (ASME Code, Section I1I, Class 2)
requirements, seismic qualification, harsh environment qualification, leak detection, and
containment isolation capabilities having redundant and reliable performance capabilities. In
accordance with 10 CFR Part 50, NRC requires that, for lines penetrating the containment which
are either part of the reactor coolant pressure boundary (RCPB) or connect directly to the
containment atmosphere, two containment isolation valves in series, one inside and one outside
the containment, be used. For lines that are neither part of RCPB nor connected directly to the
containment atmosphere, one 1solation valve outside the containment is required. The locked
closed isolation valve and the automatic isolation valve are the acceptable type of isolation
devices; a simple check valve is not normally an acceptable automatic isolation valve located
outside the containment.

CANDU 3 design employs two automatic isolation valves in series for lines
normallv open to the containment atmosphere, and two closed isolation valves in series for lines

not ‘ally closed to the containment atmosphere. Normally the two isolation valves are located
) }

out..de .ne containment in ordcf to facilitate their maintenance and to avoid exposing them to
the severe environmental conditions that exist inside the containment. U.S. NRC regulation

and guidance, however, require that two valves in series, one inside and the other outside the
containment be employed. For certain applications, if it is not practical to locate a valve inside
containment then as per SRP 6.2.4 Section 11.6.d, both valves may be located outside the
containment. For systcms ¢ muected to the HTS and penetrating containment, CANDU 3 design
normally requires one valve i “ide and the other valve outside the containment structure and
hence complies with the U.S. NRC requirements. Similar to U.S. NRC regulations, the
CANDU 3 design does not accept a check volve as

3

an isolation valve outside the containment.
A check valve is only acceptable if it is locared inside the containment and only for lines
connected to the HTS

ail
less that are connected to the containment atmosphere when the line is normally closed to the
containment atmosphere and connected to a closed system outside containment. This

CANDU .x:; loys a single closed isolation valve for lines of 2-inch diameter or

arrangement can accommodate a single active failure and the possibility of pa\xxu failure is
very low because the isolation valve is as close to the containment as possible. Therefore, the
requirements of GDC 56 (Reference 4.6-7) are met.

For small lines of 1-inch diameter or less, a single closed Class 1 isolation valve
inside containment provides adequate t"* er, provided the line is connected outside containment

to a closed system. This arrangement can accommoda

\ tive or passive failure
Therefore, safety objectives similar to the ones required by the U.S. NRC are met




In the CANDU 3 design, certain closed systems inside containment, which have

design pressure at or greater than 72.5 psig (0.5 MPa(g)) and opcrat’ ‘ ssure at or greater
than containment desig he group 1
Recirculated Cooling Water system) have a single manua at alve Ic outside the
reactor building on each line penetrating containment. Thes ,‘ tems are constructed to Class

n pressure, and which can be monitored for

Bagt

(non-nuclear) r':c‘..iz‘ »ments and meet an equivalent level of
requirements, because

’ gligible radio i) he systems, and these can be continuously monitored for
leaks; the monitoring of ieaks ' s adequate reliability and

~ . s 11
assurance that systems will fur
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In contrast to LWRs, CANDU reactors are refueled on-power (Reference 4.6-10). Three
fueling-related ports pass through the CANDU 3 containment boundary: a new fuel port, an
urradiated fuel port, and an ancillary port/rehearsal facility which is used for a variety of
fueling and fuel channel maintenance operations. During normal operation, the ancillary
port is closed to containment and connects externally only to a closed circulating loop.

The main components of the new fuel transfer mechanism inciude a totally enclosed
magazine, a new fuel port, and an adapter which connects the magazine to the new f
Double containment valves are located at the front and rear of the magazine to allow lo
and unloading of the magazine during reactor operation

The irradiated fuel transfer mechanism also includes a magazine which is enclosed within
the irradiated fuel lock with double containment valves at each end. This magazine contains
light water at a level just below the inlet port and bundles rotate into this water during
transfer. On completion of loading the magazine, the containment valves at the fueling
machine end of the lock are closed, and the lock is filled with irradiated fuel storage bay
water,

™ o€ - Y > ' lino \ NIHYT 3 o) INMast (2] s Ty al [+
I'herefore, during on-power refueling, CANDU 3 containmet isolation is maintai~ed and
eets an equivalent level of safety compared to the U.S. NRC require




922160M 50
w
snwol

TTR-411 Page 4.5-1
Rev. 0

45 CONCLUSION

The design of the CANDU 3 containment isolation system was reviewed against
the U.S. regulations and guidance.

Based on the evaluation of the isolation system, it is demonstrated that in spite of
some differences in containment isolation arrangements, CANDU 3 design satisfies the safety
objectives of the U.S. NRC requirements. Each CANDU 3 containment penetration is provided
with redundant barriers so that in the event that a single failure is postulated and one barrier does
not perform as intended, the containment integrity is maintained.

Therefore, the CANDU 3 containment isolation system design provides an
equivalent level of safety to that of the U.S. NRC requirements and guidance.
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Isolation valves outside containment sha e located as close to containment as practical and

upon loss of actuating power, automatic isolatien valves shall be designed to take the positio

that provides greater safety

QOther appropriate requirements to minimize the probabil i - or consequences of
an accidental rupture of these lines or of lines connected to I}zc’m shall be provided as necessary
to assure adequate safety. Determination of the appropriateness of these requirements, such as
higher quality in design, fabrication, and testing, additional provisions for inservice mweg tion
protection against more severe natural phenomena, and additional isolation valves and
containment, .';‘;.z[{ include consideration of the population density, use characteristics nd
physical characteristics of the site environs.l

Criterion 56 — Primary containment isolation fm 1 line that connects directly to

the containment atmosphere and penetrates primary reactor containment shall be provided with
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PPENDIX 4B
(‘:\.‘\'.\[)i-\.\' REQUIREMENTS

EXCERPT FROM REGULATORY DOCUMENT R-7 “REQUIREMENTS
CONTAINMENT SYSTEM FOR CANDU NUCLEAR POWER PLANTS’

APPENDIX

REQUIREMENTS FOR METAL EXTENSIONS OF THE
CONTAINMENT ENVELOPE

CODE REQUIREMEN

Systems or portions of systems whicl ,1"n: [uu.‘ of the containment envelope shall
) the requirements of the ASME Boiler and P*L ssure Vessel Code, Section 111,

' (Class 2 components) or section NE (Class MC components)

those systems whose process requirements are Class 1 or 2 in accordance with
CAN3-N285.0
those closed systems inside the containment structure which have a design pressure greater
than 0.5 MPa(g) and are contin wously operated at or above the ,”:r,\.';(.'\c‘ design pressure of
the containment at all points in the system, and which can be monitored for i(‘dkx Such
systems may be constructed to the process systems requirements, but they shall be
constructed to not less than the non-nuclear requirements of CSA BS1
Closed systems inside the containment structure which do no
requirements in ;‘a.‘xun:,“f; 1) and (b) may be built 1 :f:(' requirements of Class 3
shown to the satisfaction of th ( wat, due to smallness of size or other facto

3
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31 PRIMARY HEAT TRANSPORT AUXILIARY SYSTEMS PENETRATING
CONTAINMENT

Each line that is connected to the primary heat transport system pressure
boundary and that penetrates the containment structure shall be provided with two isolation
valves in series. The valves shall normally be arranged with one inside and one outside the
containment structure. If it can be shown that two valves inside the containment structure or two
valves outside the containment structure can provide an equivalent barrier in certain
applications, then this may also be an acceptable arrangement.

A check valve may be used as one of the isolation barriers but it shall be located
inside the containment structure. Two check valves in series are not considered an acceptable
barrier.

Where the valves provide isolation of the heat transport system during normal
operation of the station, then both valves shall normally be in the closed position.

Systems directly connected to the heat transport system and which may be open
during normal operation of the station shall also be provided with the sar:e isolation as the
normally closed system cxcept that manual isolating valves inside the containment structure
shall not be used. At least one of the two isolation valves shall be either an automatic isolation
valve (for instance, a check valve) or a powered isolation valve operable from the control room.

For small lines of 25 mm in nominal diameter or less, a single closed isolation
valve inside containment may be used provide the line is connected to a closed system outside
containment.

The line up to an including the second isolation valve, or the first valve in the
case of small lines 25 mm in nominal diameter or less shall be constructed to the requirements of
Class 1 in accordance with CAN3-N285.0

22 SYSTEMS CONNECTED TO CONTAINMENT ATMOSPHERE

Each line that connects directly to the containment atmosphere, that penetrates
the containment structure, and that is not part of a closed system, shall be provided with two
isolation barriers as follows:

a. two automatic isolation valves in series for those lines which may be open (o the containment
atmosphere;

b. two closed isolation valves in series for those lines that are normally closed to the
containment atmosphere,

c. one closed isolation valve for lines of 50 mm in nominal diameter or less, which are
normally closed io the containment atmosphere and connected to an easily defined closed
system outside containment.

The line up to and including the second valve, or the first valve in the case of
paragraph (c,, shall be part of the containment envelope and shall be constructed to the
requirements of ASME Code, (Section ill, Class 2).

SRI60M 50
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CLOSED SYSTEMS

Closed systems inside or outside the containment 5 ructure which form part of the
containment envelope anJ which meet .'":z‘ re 4;.‘.‘r<'m nts of Class 2 and can be continuously
monitored for leaks need no further isolation. All other closed systems s'r’u:’/ be provided with a
single isolation valve on each line penetrating containment. The valves shall be located outside
containment as close as practicable to the containment structure. Valves required for process

purroses may be used as the isolation valves for these closed loops
SMALL LINES

- imine 3 sl s rrimnine “the nine ic¢ a T
For ductile piping of small bore, crimping of the pipe is a possible means of
R - R T~ N W g " ,..,,', ki il e .
roviding an isolation barrier instead of a valve. For this to be acce '>.d.“.c. the details of its
J ! J
{. In particular, the

£ Ao " ] /P " # 2 B ho ~ / o | > soth nf { 4R ¢ . ”
of crimping, the location of the part to be crimped and the method of identifving the
+ & J ' 4 J v &

]

application shall be submitted for approval in each case of its proposed used
1
~‘

pq«_"l

failed line s > shown to be satisfactory. In the case of primary heat transport system
. " . . ] H y 0 e . TPL YOIV

instrument lines ollowing extra conditions are 1@,’.4.'&1

. . — > . lahlos f, S sy 2 21 . b ovo tho - 0 - 3 N
a. Space must be availabl Jor crimp 4 where they penetrate through the containment

Structure,

the quality of the lines is to be as good as the rest of the primary heat transport system,
the relevant release limits must be shown not to be exceeded during the _f‘(‘l'xk"«.f in whic
reactor is shut down conscquent to the ’ re, and the crimping is executed,; and
rm the break n be filtered before release to the atmosphere to cont

- '
n ‘{ Froaucts




CHAPTER §

EQUIVALENT SAFETY ISSUES

CONTAINMENT HEAT REMOVAL

1.W.D. Anderson




INTRODUCTION

i

The containment is a barrier to contain activity releases \aich could be generated
a consequence of an accident secuence. Related design objectives of the sysiems which
upport tne containment function are for containment o remain intact and to be gble to reduce
')
the pressure and temperature in containment following a pipe break. The rontainment heat
removal system is provided to remove heat generated during normal plant operation and to
remove excess heat and steam which would appear in the event of a Loss of Coolant .

(LOCA) or secondary side pipe failure. Both U.S. and Canadian design practices require that

¢ }
containment heat removal capability be met for all plant conditions including those involving a
LOCA

In light water reactors (LWRs), the types ot systems provided to remove heat
from the containment include fan cooler systems, spray svstems, and resis - al heat removal

i

systems. The U.S. NRC has developed specific requirements and guidance for the design of

In the CANDU 3 reactor, the containment heat removal capability is provided by

local air coolers designed and sized to handle both the normal operating heat loads and heat
4 [«
loads under accide 1t conditions. The low pressure, recirculation portion of the emergency core
k

alil vUULK 3

cooling (ECC) sy..em also removes decay heat from the core and reduces energy transfer 1o the

containment atme sphere under post-accident conditions

This report deals with the evaluation of containment heat removal system which
A I for containment heat removal under post-accident conditions. Major differences
tetween U.S. I'PC requirements and the CANDU 3 design for containment heat removal system

are identified and evaluated. Despite these differences, it is demonstrated that the CANDU 3

g 1 te level afery nare th ] & Y 1 » o
design provides an adequate level of safety compared 1o the U.S. NRC requirements




TTR-41]1 Page 5.2

Rev. O

.2 NRC REQUIREMENTS AND GUIDANCE

Light water reactor (LWR) plants include a containmes heat removal system
ovided 1o remove heat from the containment include fan cooler systems,

t
spray systems, and residual heat removal systems. Thes. systems remove heat from the

containment atmosphere and the containment sump water, or the waier in the containment wet
we
The fundamental requirement for containment heat removal is specified in the
Code of Federal Regulations (Reference 5.6-1). Additional guidance is provided via the

Standard Review Plan (SRP) (Reference 5.€ ) and Regulatory Guides (References 5.6-3 &

5§ 6.4)

General Design Criterion (GDC) 38 (Reference 5.6-1 and Appendix SA) provides

p P . s . s and 1o - e
requirements for the reduction and stabilizatuon of containment pressure and lemperature

1 . ' v . Y \ s - val . o afasry
following a loss of coolant accideat, It cons.ders containment heat removal to be a safety
furnctinn arnd ppp

function and consequently, following SRP 6.2.2 (Reference 5.6-2), requires suitable redundancy
of componenis and features, capa

ity assuming a single failure with loss of either on site or

Lo

ffsite power, leak detection and isolation capability, and suitable seismic qualificaticn

kegulatory Guide 1.26 (Reference 5.6-3) requires the containment heat removal
system to be classified as a Quality Group B system which is to be ASME Boiler and Pressure
Vessel Code, Section II1, “Nuclear Power Plant Components”, Class

Regulatory Guide 1.29 (Reference 5.6-4) requires the system to be seismically

d to withstand the effects of the SSE and remain functional




"ANDU 3 APPROACH
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The vault and steam generator enclosure ¢

2as by closing off the top of the steam gene
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The local air cool not iISmicaily qualne

qualified to Design Basis Earthquake (DBE) cate

I'he reactor building coolir

CSA standard N285.0, (Reference 5.6-5)
¢ system pressur: bound:
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(DBE) qualified ECC recizcu’ stion pumps ci am  of Ii and heavy water from the

ontainment ECC sump via ‘ne seismically (DBE ali hangers back in to the core

from the ¢ontainment sump water and thus prevent decay heat from being

ni atmosphere. The cooling water to the h

)
ten 1 15 backed by the Group 2 r SEIrvice water system

.‘.'\ wi ’ TR : ’ L . My
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consequences of postulated process system failures coincident with failure of a mingating safety
1 Had A | > \NT 2 Q1O . s —_ H "
system (a so-called “dual failure™). For CANDU de $1gns with a containment dousing systen

e analyses is for loss of coolant coincident with a loss of dousing. Since the

oes not incorporate a dousing system, an analysis of a loss of coolant

ling system is required for CANDU 3

ian dua fs‘-.lg.("" rs ) Ogi1cal L‘. SE 1IMItLs

. lant th rnnrnlate fail - " ke "t s oY
coincident with complete failure of the containme

s required to meet the Cana

t} "t "y e 11¢
without crediting co ment cooling
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3 show a difference between the U.S
0 the containment heat removal system

in SRP 6.2.2, (Reference 5.6
all requirements for

1gn incorporates all
dancy of equipment consist
e rements, s€i1smic

$Ction I” ) TEQ UL

3 design employs the reactor building cooling system consisting of local

and ducting. This system 1s a non-nuclear and
i

le to reduce the building pressure following a

with appropriate dampers !

sysiem The sysiem 1§ at

ours without requiring venting to the ext./mal
! assuming a failure of a single

} the SySsiem,

¢ power I'he heat removal capacity Of the reaclor

failure

svstem of CANDU

) UQINE COOLINE SYSiEn

ing wvater pipes and isolation valves
:a and satisfy the isolation requirement

1ir coolers are designed with adequate drain

Any water leakage from the local air
detectors in the active \‘.f\'..."‘;;l;:(' S

1gned 1o provide

3 1S dt“.Fu
Because the high energy
olers are not

114 -
eactor building air cool quir
1

ited (1

allu

bu‘'ding cooling system in

1

adequate level of safety i1s deemed to be demonstrated

,
nts that it must miugate

ity (considering both active and passive
f the system a negligible nsk contributor

lual failure” dose limits

“dual

inment heat remov




The \‘.r:»:\" of the CAN U 3 reactor | { INEg Sysien
al function has been luated based on the nents ar
guidance. The leak detection, isolat and containment capabilities are incorporated in the
design of the CANDU 3 re: uilding cooling system. Similar to LWR design,
cooling systen : ‘

1S v‘\“""

containment |
the containmet

either a loss of

r butlding cooling system in CANDI
3

because the e

design is
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ELECTED U

S. REQUIREMENTS REGARDING CONTAINMENT HEAT REMOVALI

) CFR50, GENERAL DESIGN CRITERIA (Refercnce 5-6.1)

Criterion 38-Containment heat rem
remove heat from ithe reacior containment shall be provided
The system safety function shall be to reduce rapidly
consistent with the functioning of other associated systems
the containment pressure and

wal. A system to

1 temperature foliowing any

] 4 {5 e s/l snd ho
ant accident and mainiain them

at accepiably

Suitable redundan
and suitable inter(

Y in components and features
onnections, leak detection, isolation, and
ntainment capabilities shall be provided 1o assure that for

( power sysiem operali

on

N (assuming oJjsite
] 2 y silak) { oo
IS notavaiiabie w":"";’.’( EIECIric ,"
no(assuming

Svysiem sajen f&u.. L

. ccomplished
singie jaiiure

wer sysiem
onsiie l‘"-"nt',' LS

not available) the

assiming a




