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KTA SAFETY STANDARD

November |Type Testing of Measuring Sensors and Transducers of the In-
2015 strumentation and Control System Important to Safety

KTA 3505

Previous versions of the present safety standard: 1984-11 (BAnz No. 40a of February 27, 1985)
2005-11 (BAnz No. 101a of May 31, 2006)

Contents
3= EY (o ] e o] = 5
1 ST o] o1 T SRS 5
2 D= {1 o110 LR PURRPRINE 5
3 BT g Lo foTo7=To [0 (= TR 5
4 Theoretical EXamMINationS. ...........iiiii it e e et e e e e e ee s 5
4.1 Extent of the Theoretical EXaminations. ...........cooi it e e 5
4.2 Engineering Documents Of the DEVICES ..........oiiiiiiiiiiiiiiee et e e e e e e e e e e e ennnes 6
4.3  Determination of Reliability Data............ccueiiiiiiiiii e 7
N O 41 i for= |l o= Vo I Y o= T[RRI 7
4.5  Proofs for Pressurized and Medium-Contacted Parts.............cccooueeiiiiiiiiiiiiee e 7
4.6  Test Instructions for the PhysiCal TeStS .......coooiiiiii e 8
4.7 Preparation and Examination of the DOCUMENES.............iiiiiiiiiiiiee e 8
5 L 3V (o= | I =] £ PN 8
51 GeNEral REQUIMEIMENTS ...ttt et e et e e st e e nan et e e et b e e e nnrn e e nneeas 8
Y =T O o] (Yo (= S PRSP UPPRRRPON 8
53 T aTed [o] g F= 1 I =] (3SR PUERPRINE 8
54 INterim FUNCHONAI TESES......eeiiiiiiee ettt e e e e e e e e e e 8
55 Monitoring Of the FUNCHON ... e e e s et e e e e e e anereeeaeeseennnnnes 8
5.6  Electromagnetic Compatibility (EMC) TeSS........eiiiiiiiiiiiiiie e 9
ST A 1114 T (o Y] (TSR 9
5.8  Tests with Mechanical LOadings .........cciiii ittt e e e e e e e e eaa e e e anees 10
5.9  Behavior of the Test Object upon Plugging ProCcedures ...........ccc.eeviiiiiiiiiiiiiie e 11
5.10 Test for Resistance to Radiation from Specified Normal Operation..............ccccevciiiiniec i 11
5.11 Tests Under Ambient Conditions of the Design Basis ACCIAent.............cccuviiiiiiiiiiiiiiiie e 11
5.12  Sequence of the PhySICal TESIS......ccouiiiiiiiie e 13
5.13 Required Measures in Case of Failures During Physical Tests ............cccccuiiiiiiiiiiiiiiiiie e 13
6 Criteria for a Successful TYpe APProval TEST.......cciiii i e e e aa e e eaees 13
7 TeSt DOCUMENTALION ..ottt e e ettt e e e e e et e e e e e e s naebeeeaeeeeannneeeeaaaan 13
71 Documentation of the Theoretical EXaminations.............coooiiiiiiiiiiiieiiiec e 13
7.2 Documentation of the Physical TestS.......oo i e e 14
A S =T G O7= T4 1Tz (= TSP 14
7.5  Storage Location and Storage DUration...............cooiiiiiiiiiiii i 14
Appendix A Regulations Referred to in the Present Safety Standard ..............ccccooiiii e, 18

Appendix B (informative) DIN Standards Pertaining to Instrumentation and Control Systems
IMPOMANT 10 SAELY .....eviiiiiii e e e e e e e e e et e e e e e e s nar e eaaa e s 20

PLEASE NOTE: Only the original German version of this safety standard represents the joint resolution of the
35-member Nuclear Safety Standards Commission (Kerntechnischer Ausschuss, KTA). The German version was made public
in the Federal Gazette (Bundesanzeiger) of January 08, 2016. Copies of the German version may be mail-ordered through
the Wolters Kluwer Deutschland GmbH (info@wolterskluwer.de). Downloads of the English translations are available at the
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Comments by the Editor:

Taking into account the meaning and usage of auxiliary verbs in the German language, in this translation the following
agreements are effective:

shall indicates a mandatory requirement,

shall basically is used in the case of mandatory requirements to which specific exceptions (and only those!)
are permitted. It is a requirement of the KTA that these exceptions - other than those in the
case of shall normally - are specified in the text of the safety standard,

shall normally indicates a requirement to which exceptions are allowed. However, exceptions used shall be
substantiated during the licensing procedure,

should indicates a recommendation or an example of good practice,
may indicates an acceptable or permissible method within the scope of the present safety standard.
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Basic Principles

(1) The safety standards of the Nuclear Safety Standards
Commission (KTA) have the task of specifying those safety-re-
lated requirements which shall be met with regard to precau-
tions to be taken in accordance with the state of science and
technology against damage arising from the construction and
operation of the plant (Sec. 7, para. (2), subpara. (3) Atomic
Energy Act - AtG) in order to attain the protective goals speci-
fied in AtG and the Radiological Protection Ordinance
(StrlSchV) and further detailed in the Safety Requirements for
Nuclear Power Plants (SiAnf) and in the SiAnf-Interpretations.

(2) Based on the SiAnf and the SiAnf-Interpretations, the de-
vices required to be subjected to type testing in accordance with
the present safety standard are specified in safety standard
KTA 3501.

(3) In the present safety standard, it is presumed that con-
ventional requirements and technical standards (e.g. Accident
Protection Requirements, DIN-Standards, VDE-Regulations)
are adhered to under consideration of the safety-related re-
quirements specific to nuclear power plants.

(4) Type tests are performed by authorized experts to evaluate
whether the devices are in accordance with the data sheet
specifications and the specified characteristics.

(5) Requirements for the type testing of electrical modules for
the safety-related instrumentation and control system are spec-
ified in safety standard KTA 3503.

(6) Requirements regarding the certification of satisfactory ser-
vice life are specified in safety standard KTA 3507.

(7) Requirements regarding quality assurance and documen-
tation are specified in safety standards KTA 1401, KTA 1402,
KTA 1404, KTA 3506 and KTA 3507.

(8) Requirements regarding the proof of resistance to a loss-
of-coolant-accident are specified in safety standard KTA 3706.

1 Scope

This safety standard applies to the type testing of the measuring
sensors and transducers (referred to as ‘devices’ in this safety
standard) of the instrumentation and control system important
to safety in accordance with safety standard KTA 3501.

2 Definitions

(1) Functional unit
A functional unit is a unit under observation delimited within the
system by its task and operating principle.
Note:
A functional unit may be realized structurally within a device or
within an agglomeration of multiple devices, or may be realized as
a part of a device.
(2) Device
A device is an arrangement of components or subunits that per-
forms a specific function.
Note:
Devices are comprised of hardware and possibly software. A dif-
ferentiation is made between:

a) device comprised of discrete non-programmable components
or subunits,

b) device comprised of at least one discrete programmable com-
ponent (e.g. field-programmable gate arrays (FPGA), program-
mable logic devices (PLD) and application-specific integrated
circuits (ASIC)) and

c) computer-based device comprised of at least one processor or
controller.
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(3) Type approval test

A type approval test is the test of representative test objects
of a fabrication series (type series) regarding the characteris-
tics specified in the data sheet and in the description of
functionality.

(4) Authorized expert

An authorized expert is a qualified person or organization con-
sulted by the nuclear licensing or supervisory authority based
on Sec. 20 AtG.

3 Testing Procedures

(1) The type approval test shall be subdivided into the theoret-
ical examinations and the physical tests.

(2) Any available operating experience and the results of pre-
viously performed tests may be taken into consideration for the
type approval test, provided, the safety-related requirements of
the present safety standard are fulfilled.

(3) In the case of computer-based devices or those with pro-
grammable components, the software and its quality charac-
teristics shall be tested within the framework of the theoretical
examinations specified under Section 4.2, and the function of
the device shall be tested within the framework of the physical
tests.

Note:

The different requirements for testing software and its quality char-
acteristics for devices required to perform Cat A and Cat B instru-
mentation and control functions are specified in safety standard
KTA 3501.

(4) The employed interfaces of the devices shall be subjected
to the same requirements that are valid for the individual de-
vices to be tested.

(5) Any modifications on type-tested devices shall be tested in
accordance with the basic principles of the present safety
standard. These tests may be theoretical examinations or phys-
ical tests or a combination of these test procedures. In the case
of physical tests, the number of test objects specified in Sec-
tion 5.2 may be reduced, provided, a prior agreement was
reached with the authorized expert.

4 Theoretical Examinations
4.1 Extent of the Theoretical Examinations

(1) The theoretical examinations shall comprise an examina-
tion of the engineering documents of the devices specified in
Section 4.2, of the certifications to be submitted as specified in
Sections 4.3 through 4.5, and also of the test instructions and
the test program specified in Section 4.6.

(2) The suitability of the quality assurance measures applied
within the framework of the device fabrication shall be as-
sessed during type testing. The quality assurance measures
applied shall normally be comprehensibly documented in the
form of audit reports regarding the quality audits performed,
e.g. in accordance with safety standards KTA 3507 or
KTA 1401. If the audit reports are not sufficient, then the re-
quired quality certifications shall be produced within the
framework of type testing.

Notes:

(1) KTA 3501 specifies that the quality of fabrication and design
shall meet Level B in accordance with DIN EN 61192-1. In addition
to Level B of DIN EN 61192-1, safety standard KTA 3501 also cites
Class 2 of IPC-A-610.

(2) Section 9 of DIN EN 60987 specifies requirements for the fab-

ication that ble to th
[Lc’:g 2%10_6 are comparable to those Dwmgﬁtg
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4.2 Engineering Documents of the Devices

4.2.1 General requirements

The respective engineering documents shall contain infor-
mation on the manufacturer, the type and state of modification
of the device. These documents shall comprise the documents
specified in Sections 4.2.2 through 4.2.9.

Note:
Due to the growing degree of integration of the devices, the extent

and degree of detail of the documents to be submitted shall be
established in agreement with the authorized expert.

4.2.2 Index of engineering documents

The index of engineering documents shall list all documents re-
quired to ascertain the identity of each device.

4.2.3 Description of functionality

The description of functionality shall provide information on the
range of application, the task and the mode of operation of the
device including those of its interfaces.

4.2.4 Data sheet

(1) The data sheet shall contain all data including the permis-
sible range of application as well as the tolerances characteriz-
ing the device type.

Note:

The data sheet shall contain, e.g. the following data:
a) input parameters,

b) output parameters,

c) auxiliary power supply,

d) ambient conditions,

e) mechanical mounting and electrical connection,
f) materials of pressurized or medium-contacted parts,
g) signal transfer behavior,

h) electrical characteristics,

i) electromagnetic compatibility / stress

j) signal processing times, cycle times, and

k) interfaces, communication logs.

(2) Superordinate system data may be compiled in a system
data sheet.

4.2.5 COperating instructions, technical manuals

(1) The operating instructions or the technical manuals shall
normally contain instructions and information on:

a) mounting and installation,

b) commissioning,

O

adjustments,

o

special accessories,

)
)
)
)

D

maintenance, and
f) packaging, transport and storage.

(2) Superordinate operating instructions may be compiled in a
system operating instruction.

4.2.6 Hardware documents

(1) The circuit diagram shall depict all components of the de-
vice and their interconnections.

(2) The parts list shall list all mechanical and electrical compo-
nents of the device that are necessary to be able to evaluate
their reliability and function. The parts list shall basically contain
all relevant technical data for the components. Alternatively, the
relevant technical data for components may be made available
by referencing additional documents (e.g. the data sheet).

(3) The position diagram of components shall show the com-
ponents and the arrangement of their connections.

(4) In the case of computer-based devices or devices with pro-
grammable components, the data sheets of the programmable
components including the data-technological connections shall
be submitted.

(5) The configuration and identification documents required for
proper identification of the devices shall be submitted. In the case
of computer-based devices or devices with programmable compo-
nents, the hardware and software components as well as the soft-
ware tools shall be listed together with the respective versions.

(6) If the fabrication anticipates variants of assembly by the in-
stallation of equivalent components, these shall be specified in
the parts list and considered in the type approval tests. Pro-
vided, the variant components are truly equivalent, a theoretical
analysis of the equivalency may be sufficient.

(7) The technical drawings of the pressurized or medium-con-
tacted parts shall contain all data required for the stress analysis.

4.2.7 Software documents

(1) The development process of the software of computer-
based devices and the development process of programmable
components shall be substantiated by technical documents.

Note:

These documents can be, e.g.:

a) requirement specification,

b) tender specification,

c) performance specification,

d) development documentation including documentation of tools
for new developments and modifications,

e) test documentation including information on the range covered
by the tests and

f) configuration management in accordance with safety standard
KTA 3506.

(2) The structure, program sequence and temporal behavior of
the software for computer-based devices and devices with pro-
grammable components shall be described.

(3) The possibilities for the configuration and parameterization
of the devices shall be specified as well as the software tools
available for these tasks.

(4) The conditions and procedures to be observed during con-
figuration and parameterization shall be described.

(5) A specification of the interfaces to other devices or systems
shall be submitted and the data to be transferred via these in-
terfaces shall be specified.

Note:

The requirements for the system environment (e.g. measures for
avoiding or control sequential failures) are based on these data.

(6) In the case of pre-developed software, the procedure for its
qualification or the procedure for demonstrating its suitability
shall be described together with the results.

(7) The measures for protecting the software against manipula-
tion and the measures for identifying, initiating alarms and docu-
menting such manipulations of the software shall be described.
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