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INFLUENCE OF BUILDING ENVIRONMENTAL CONDITIONS
ON PROCESS SYSTEMS

Abstract. In this article the V&V activities for the Environmental and Dy-
namic impacts qualification were described. The basic principles of Safety func-
tion assignments to the system were presented, as well as impacts and sources of
various environmental conditions. Then, specific V&V measures, which can be
used for confirmation of safety functions performance and consequently can be
used as basis for the Environmental Qualification, were presented in the article.
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BJINSTHUE YCJIOBUI CPEIbI HA TEXHOJIOTMYECKUE
IMPOIIECCHI

Annoramus. B 3T0it ctaThe OBIIIM ONMMCaHBI AEHCTBYS 110 BaTMAALIMI U Be-
puduKanuy sl KBaau(pUKalIuyd 3KOJOTMYEeCKUX U TMHAMUYECKUX BO3EH-
ctBuii. B mpencraBieHBI OCHOBHBIC NMPWHIMITEI Ha3sHAYeHUs (DYHKIIUU
6e30MacHOCTH CUCTEME, a TAKKE BO3ICHCTBUSI M UCTOUHUKU PA3JIMYHBIX YCIIO-
BUI OKpyxKalolieil cpenpl. 3aTeM B CTaThbe OBUIM IpeAcTaBlIeHb KOHKPETHEIS
MepBbI MO0 BaJlUJALMU U BepUdUKALUU, KOTOPbIE MOTYT OBITh UCIIOJIb30BaHbI
IIJIST TIONTBEP:KACHMS BBITTOJTHEHUSI (DYHKIIVI 6€30ITaCHOCTH U, CJIeI0BaTe/Ib-
HO, MOTYT OBbITh UCITOJIb30BaHbI B KAUECTBE OCHOBBI JIJISI 9KOJIOTMYECKOI cep-
TU(DUKALWN.

KoueBslie cioBa: Bauaauus U BepuguKalus, 3KojIoruueckas ceptudu-
Kanuys, cepTuduKaluus Ha TMHAMUYEeCKNEe BO3IEHCTBUSI, aTOMHAs DJIEKTPO-
CTaHLIMS.
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1. Introduction

This article is concerning the Validation and Verification (V&V) ac-
tivities for Nuclear Power Plant (NPP) Design and Construction is fo-
cused on the environmental conditions in the NPP buildings and rooms
and their influence on the NPP safety functions and their performance
as intended.

The construction-specific V&V process has not been deeply re-
searched for complex civil structures such as nuclear power plants. Typ-
ically, nuclear power plant industry requirements for V&V are presented
in the IAEA (International Atomic Energy Agency) safety standards as
part of the management system [1,2].

In international practice, verification and verification activities are
mainly governed by the discipline of quality, starting with general guide-
lines for the quality management system, such as [3—5], which represent
avery general approach applicable to any type of activity. There are many
ways that can be chosen to meet the requirements, and they mainly de-
pend on the industry in which the verification and verification is applied.
In general, V&V and their problems, including their interchangeability,
differences in definitions, purposes, etc., have been researched quite ex-
tensively, and many publications and articles have been published in dif-
ferent industries, for example, more detailed industry studies regarding
the application of the process verification and verification presented in
[6, 7]. In project management, this issue was considered in [8], for ex-
ample, for large industrial projects, a description and recommendations
for the implementation of V&V can be found in [9].

Confirmation that safety functions of process systems which are allo-
cated in buildings to be operated in accident environmental conditions
as intended to be granted via the collection of V&V evidences can be
named Environmental and Dynamic Impacts Qualification and should
be performed throughout the different NPP construction phases, i.e. by
defining and justifying qualification requirements to manage individual
equipment qualification [10, 11].

The Environmental and Dynamic Impacts Qualification is the part
of the Qualification discipline, which is focused on the obtaining the
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evidences that qualification items are suitable to perform their functions
[5, 6]. (functional operability and/or structural integrity will be main-
tained) in specified conditions (e.g. vibration, temperature, pressure, ra-
diation, humidity, etc.) existing before, when and after they are required
for the Plant entire design service life-cycle. [6, 11—13].

This issue was already presented in following articles, where general
qualification process was presented in terms of systems, structures and
components [14], and in terms of qualification context [ 15]. The correla-
tion between different disciplines (such as quality control, system quali-
fication and licensing) that use V&V outputs (sometimes similar results)
in terms of a qualifying context is also presented in those publications.

2. Methods

In the course of this survey used in the NPP design and construction
phases, the analytical method was applied.

3. Results and Discussion

The principle diagram for Environmental Qualification and Envi-
ronmental conditions that affect the safety is presented in Figure 1.

Safety functions

Functional Qualification [ <= Environmental Qualification
Fr-—-X=---—c-=----- _————

. Syst.ems

1
. : Qualification Program

1

1

1 Equipment _ _Equipment _ _ Equipment_
Fneidents & Accidents] . Narmal Onorat b Topical Report
Incidents & Accidents| Normal Operation ! "

1

1 Conditions Conditions : Room Condition Book)
Initial = DBC 2 DBC 1 '
Events =p DBC 3.4 !

1 DEC !
SA

Response spectra

parameters INfluence to the
safety functions

Iparameters

Buildings, rooms
4

_________ L) _— Doesn't have any influence
1 Seismic and rr Environmental : Shall be taken into account
I_ Dynamic impacts_ _ _ _ _ Conditions_ | in system (layout)

Shall be taken into account
in equipment
Internal and external hazards

Figure 1. General principle of environmental qualification
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The functions are assigned to the system (qualification item) by the
System Designer, and during the system design development the func-
tions will be broken down into specific components (qualification item)
functions to overcome the initial events and make system able to perform
function as intended [16].

The System Designer assigns the operation modes, including the
events categories when the system shall perform its safety function, oper-
ation time during such events and the safety trains for the systems and for
the equipment within those systems based on the Safety Concept [ 16, 17].

Environmental Qualification to be performed for the qualification
items affecting the safety via the qualification measures (V&V activities)
in accordance with the applicable industrial standards (e.g. IEC 60780
[18], IEC 60980 [19]; KTA 2201.4 [20]; KTA 3706 [21]; IEEE 323[22];
IEEE 334 [23], etc.), in this case the supplier of a qualification item shall
provide all qualification evidences, which confirm that the qualification
of items remains valid throughout the life-cycle of the NPP.

The System Designer shall specify the qualification requirements for
the items to be qualified. Functional operability and/or structural integ-
rity of safety relevant components shall be ensured.

4. Environmental conditions

Environmental conditions under which the functional operability
and/or structural integrity shall be maintained may be grouped as follow:

— Initiating events, which will belong to the event categories, based
on their probability,

— Hazards (internal and external) which will belong to the appropri-
ate event categories if they affect the safety of NPP.

Apart from Normal Operation Conditions, Environmental Qualifi-
cation considers the events (incidents and accidents) conditions.

These conditions are applied to the rooms and buildings where sys-
tems and equipment performing safety function are located.

The environmental and seismic condition to be analyzed against
their impacts on the safety function performance. There are 3 main pos-
sibilities:
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— no impact,

— impact on the safety function shall be considered in the building,
system level,

— impact on the safety function shall be considered in the equipment
level.

Analyses performed to define the environmental conditions shall be
completed after the analysis variables have been finalized.

The System Designer shall identify the environmental and seismic
conditions where the fulfilment of the system and equipment to be qual-
ified:

— For seismic it is usually expressed in the form of a seismic response
spectrum or time history from the analysis of a building or major sub-
structures such as a control panel.

— Environmental conditions which have some influence to the safety
functions include, but are not necessarily limited to, temperature, pres-
sure, humidity, radiation, chemical spray, electromagnetic interference,
ageing and submergence. Those parameters shall be listed in and speci-
fied for any buildings and rooms within the buildings, containing safety
classified systems and equipment.

Synergy effects from combined parameters shall also be considered.

The excessive conservatism shall be removed from environmental
analysis, and environmental envelope (conditions) shall be provided in
accordance with the design conditions.

5. V&V measures for the Environmental Qualification

The choice of the qualification methods selected is largely a matter
of technical judgement and availability of information that supports the
conclusions reached.

The Environmental Qualification is to be performed based on fol-
lowing V&V actions:

— Testing, (incl. type tests),

— Analysis,

— Experience (incl. Qualification by analogy),
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— Combination of the above-mentioned methods (depending on the
particular situation).

Testing:

— When equipment is qualified by testing to demonstrate the struc-
tural integrity and functional operability, the test input (testing charac-
teristics and paraments) shall be equal or exceed the minimum specified
over the qualification requirements.

— When equipment is qualified by testing, the testing conditions shall
reproduce equipment installation and operation (voltage, current, pres-
sure, etc.).

— Iftesting is impracticable due to size or weight limitations, analysis
may be acceptable for passive equipment, such as cabinets. Partial test
data shall be provided to support the analytical assumptions and conclu-
sions reached.

— Exceptions shall be addressed individually and justified in detail.

Analysis:

— Functional operability shall not be verified by analysis techniques
alone.

— Therefore, qualification by analysis shall only be used on its own
where demonstration of functional operability and structural integrity is
adequate to assure the design intended function.

Experience:

— Experience data for environmental qualification shall be used for
equipment qualification where it is cost-effective and is justifiable tech-
nically.

— Equivalence shall be demonstrated between the component(s) to
be qualified and the previously qualified component(s) for which the ex-
perience data are representative such that the dynamic characteristics
and material properties have a high degree of similarity.

— Also, the experience data qualification requirements shall not be
less demanding than the specific qualification requirements for the qual-
ification items of appropriate designed NPP.

— Experience data shall be drawn from previous test or test/analysis
qualifications or other documented experience. The results of the previous
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tests or analysis shall be comparable, the boundary conditions and ac-
ceptance criteria shall be comparable as well.

Combination of methods:

— The combination of physical test, experience and analysis may
be also used, i.e., by demonstrating the similarity of the equipment to
previously qualified equipment or to equipment which has been exposed
to more severe environments.

6. Seismic Qualification

The seismic qualification shall demonstrate the ability of system
equipment (passive and/or active) to perform its required safety role
during and/or after the time it is subjected to the forces resulting from
a Design Basis Earthquake when the operational functionality shall be
demonstrated, considering all the equipment fulfilling the functions in
such conditions (e.g. for motor-operated valves, etc.).

For components which functionality has to be ensured during dy-
namic events an experimental verification is preferred. Qualification by
analogy may be acceptable for equipment of the same type.

7. Environmental Qualification

The mechanical, electrical and 1&C equipment shall be qualified
for use in the operating environment under which it will be required to
perform its design function. Mechanical equipment qualification shall
meet the requirements of applicable industry standards for the class of
the equipment involved.

Electrical and 1&C equipment shall be environmentally qualified in
accordance with IEC 60780 or other standards provided they are demon-
strated to be equivalent to IEC 60780 for the class of equipment involved.

8. Conclusions

Since the environmental parameters in buildings may differ in dif-
ferent states of NPP, it is necessary to highlight the parameters for
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which the specified equipment must be qualified. Thus in addition to
considering environmental parameters in normal operation (DBC1),
environmental parameters in NPP operating modes other than normal
operation (DBC2, DBC3, DBC4, DEC, SA) are subject to consider-
ation. Consideration of the environmental impact in various modes of
NPP operation and in the post-accident period is considered for each
building separately, if building or the components and structures located
in its premises are important for safety (safety class 1, 2 or 3 is assigned).
In this case, an accident in which the environmental parameters have
the most severe consequences in a given building is considered as an
initiating event.

When designing equipment, it is necessary to take into account the
qualification requirements came from analyses of internal and external
effects of the environment. Protection against such hazards and ensuring
od process system functions performance are ensured by fulfilling the re-
quirements for independence and physical separation, as well as by using
additional systems and additional qualification measures.

Thus, components important to safety must be qualified to demon-
strate that they meet the environmental safety function requirements for
the equipment over their design life. The effects of environmental pa-
rameters are taken into account when choosing the basic materials for
components and structures and materials for their protective coatings.
Qualification methods are depending on influence of such hazards to
process systems and its components and shall be analyzed.
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