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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT

PLEASE READ CAREFULLY

This Qualification Documentation Review Package was prepared by Gulton-Statham solely for the
use of the Ametek Aerospace and Power Instruments, Gulton-Statham Products, (known hereafter
as Gulton-Statham) and its customers. The information contained in this document is an accurate
and true representation of the facts known, obtamed or provided to Gulton- Statham and its sub-
vendors at the time this report was prepared.

The use of this information for any purpose other than that for which is it intended, is not
authorized; and with respect to any such unauthorized use, Gulton- Stathamynor any of the
contributors to this document makes any representation or any warrapty\(expressed or implied) as
to the completeness, accuracy or usefulness of the information contamedﬁn this document or that
such use of such information may not infringe privately owned rlghts or do they assume any
responsnbmty or damage of any kind WhICh may result from such ‘u/ée of such information.

NON-PROPRIE TARY INFORMA TION NOTICE

This document is the non-proprietary version of the Gulton Statham TR1136 Qualification Report
and it contains non-proprietary information of Gul?on Statham and is submitted in confidence
solely for the purpose or purposes stated. No other use, direct or indirect, of the document or the
information it contains is authorized. Furmshmg this document does not convey any license, .
expressed or implied, to use any patentedflnventlon or any proprietary information of Gulton-
Statham disclosed herein. The user has- the/rlght to publish or make copies of this non-proprietary
version document without prior wrlttethermlssmn of Gulton Statham.

Th|s document is an exact duplicate of the proprietary version with those areas that contain
information we deem to be of~a\propr|etary nature replaced with either “XXX” or with a statement
(i.e. Proprletary Informatlon§\Flgure Removed’) to inform the reader of the fact that information
was withheld. The n(u\rgbenof characters does not reflect the original text, but is a placeholder to
ensure page count angdparagraph placement. The information in the original proprietary report was
obtained at considerable Gulton-Statham expense and the release of which would seriously affect:
our competitive position. This information is being withheld from public disclosure in accordance
with the Rules of Practice, 10 CFR2.790, and that the information presented therein will be
safeguarded in accordance with 10CFR2.903. We believe that withholding this information will not
adversely affect the public interest. Subsequent to Client/user acceptance of this document,
updates to reflect new data, revised design or other appropriate conditions can be made.
Revisions subsequent to the original Gulton-Statham effort must be identified with-appropriate
revision bars or other means of indication, which does not imply a Gulton-Statham revision.
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REFERENCED DOCUMENTS

This Qualification Documentation Review Package includes previously issued Equipment Qualification
Reference(s) prepared by Gulton-Statham. These are described below:

e Gulton-Statham document Number PER 1005, Revision H, “Nuclear Qualification Report for
Gulton-Statham Pressure Transmitter PG3200", dated December 6, 1984. (Including earlier -
revisions of this document).

e Gulton-Statham document Number PER 1006, Revision K, “PD/PDH3200, PD/PDH3218 Nuclear

~Qualification Report”, dated December 6, 1984. (Including earlier revisions of this document).

¢ Gould, Inc., Measurement Systems Division Project Engineering Report PER 1003, “Functional
Test Data Report for Gould Model PD3218-100 Pressure Transmitter Serial Number 6164 Exhibit
Il of NTS Report 528-00994-1," dated July 11, 1983,

o Gulton-Statham “Nuclear Qualification Test PrOJect Engineering Test Report” Number PER 1029,
Revision F, for Gulton Statham DR3200, Draft Range Differential Pressure Transmltter dated
January 18, 1985. (Including earller revisions of this document). \K)

All transmitters certified to the above documents are enveloped by thﬁS?\ ore comprehensive
Qualification Documentatlon Review package. N
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PART 1 - QUALIFICATION STATUS - ENVIRONMENTAL AND SEISMIC QUALIFICATION

This document package is an important collection of auditable data* which provides tangible
evidence (using a systematic, auditable and thorough approach) that equipment qualification** -
(both environmental and seismic withstand) is demonstrated. This documentation package
fulfills the requirements for documentatlon and verifies that the subject equipment, with
reasonable assurance, is:

)***

QUALIFIED TO THE REQUIREMENTS OF 10CFR50.49™, IEEE 323-1974?, IEEE 323-

19831, IEEE 344-1975* & NUREG 0588 REVISION 1®

The equipment demonstrated qualified by this documentation package is the Gulton-Statham
Nuclear Service Qualified Series PD 3200 (Differential Pressure), PG 3200 (Gage Pressure),
PDH 3200 (High Differential Pressure), PD 3218 (Remote Diaphragm Seal Differential
Pressure), PDH 3218 (Remote Diaphragm Seal H|gh Differential Pressure), and DR3200 (Draft
Range Pressure) Transmitters. . (\\

1A PURPOSE AND SCOPE | | %\Q

Y

The purpose of this documentation package is to demonstr@tgv;('tbe>qualif ication of the subject
equipment in a traceable and auditable manner. This Quallﬁ\c‘atlon Documentation Review
(QDR) package is prepared to be a readily “reviewable” doctiment which a competent individual
can easily review and determine that qualification is de&onstrated This package is prepared
recognizing that no standard test report and series: of\plahs provided by a manufacturer or test -
lab has ever been acceptable without substantlékbackaglng of data to make'it readily
“reviewable.” Provision of this documentatlpn”“acﬁage to Gulton-Statham'’s current and future
customers is meant to ease the burden on h%cd/stomer by providing readily reviewable data.
Included is specific * parameter-by-parametero review for parameters used by the NRC for

review (based on original IEB 79- O1B©orr)nat e.g. Operating Time, Temperature, Radiation,

Humidity, Aging, etc.) Q&
@

For the reader’s convenlencg \alb referenced Figures and Tables for Section A are in
Appendices directly followmg%the text of Section A.

N @3

*Auditable' data is defined>(Reference 22 in Section C) as, “Information which is documented and
organized in a readily understandable and traceable manner that permits independent verification of
inferences or conclusions based on the information.”

** Equipment qualification is defined (Reference 2 in Section C) as, “The generation and maintenance of
evidence to assure that the equipment will operate on demand to meet the system performance
requirements.” This documentation package is the Gulton-Statham means to provide the “generation
and maintenance of evidence...to meet the system performance requirements.”

***Refer to Section C for this and other references.
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Also included at the end of Section A text, is a checklist format previously used by the

NRC in review of Qualification™. Completlon of thls checklist assures traceability to NRC

requnrements

,:.Mn

The documentation and analyses utilized in this package demonstrate the adequacy of the
transmitters to meet typical harsh environment and seismic withstand qualification plant
requirements with margin. This data is for a generic demonstration of qualification;
consequently, the specific margin determination or enveloping of plant needs, is application-
specific.

This package contains the most current revision of the environmental and seismic qualification
documentation for this equipment. It supersedes and updates previous documentation as
described in “Referenced Documentation,” page A-4. Unique project documentation, rather
than the generic documentation included in this report, is updated only to the extent that any
such non-generic documentation uses the reports described in “Referenced Documentation” as
its qualification basis. Unique project documentation under the control of a customer cannot be
updated by this general qualification file. -

o, (O
1B APPLICATION DISCUSSION FOR DETERMINING BASIS-OR QUALIFICATION
ACCEPTABILITY | @

The Gulton Statham PD 3200, PDH 3200, PD 3218, PDH 32\1 8)DR 3200, and PG 3200
~ Transmitters enveloped by this documentation package, (simply referred to as transmitters or
A\

transmitter when appropriate in this Qualification Documentation Review Package), are
designed for installation in various locations W|th|nfa\nucTear power plant or other nuclear
facilities. The level of qualification demonstrated’\should enable use in essential all areas
outside Pressurized Water Reactor (PWR) cor\1t3mment or Boiling Water Reactor (BWR)
drywell. Parameter review in Section D will aIIow the user or their Engineer to determine -
acceptability inside such areas as a containment building of a Pressurized Water Reactor,

S\, 2/
Candu Reactor, or steam tunnels for @omng Water Reactor.
During actual testing of several@&r service transmitters (e.g. PD 3218 series), WhICh had
Neoprene gasketed terminal boxes and PVC lead wiring for the prototype test units, anomalies
occurred (no such anomaILe\s occurred with Viton[ ] gasketed and Kapton[Jlead wires used in
actual current or post-qu\a\llf igation test unit manufacturing). These test anomalies, as well as
others, are all evaluate@and dispositioned in Section 2K. The transmitters actually type-tested
are demonstrated representatlve of all the transmitter types** demonstrated qualified in similarity
analysis of Section 2D (which also includes by reference, various other Sections of this
package).

*Reference 25 in Section C.

[Trademark of E.I Dupont Company

**Although similarity is used for the PD/PDH3218 transmitters, prior to the anomalies (which occurred only durlng

LOCA simulation) primarily traceable to the Neoprene gaskets and PVC wiring, the PD 3218 test units were

demonstrated qualified by successful radiation exposure, SRV vibration, and seismic exposure. The DR3200
transmitters were not included in the original full qualification program; demonstration is by similarity analysis.
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All units undergoing qualification testing by the qualification laboratory NTS (with reports described in
Section 2E), are dispositioned in this package for traceability to the demonstrated qualified equipment.
Specific sample traceability and anomaly review is found in Sections 2E and 2K or this report,
respectively. :

The safety function of a transmitter* is the sensing of a process or atmospheric pressure with
the conversion of that pressure to a standard transmission signal of

4-20 mA dc output to represent the value of the sensed variable (i.e. pressure). The plant
instrumentation and control system (or operator) monitors the value of transmission signal and
performs a safety function or other action dependent upon the milliampere signal value which
represents the pressure value. The specific plant safety analysis allows for an instrument
accuracy derived from analysis or based on allowance for all the devices in the instrument loop.
The performance characteristic of most interest is therefore the inaccuracy of the transmitter
during normal, accident, and seismic conditions. Consistent with industry standard terminology,
this inaccuracy is expressed as an accuracy number. Note that measured accuracy** values
have been as poor as +20% of Upper Range Limit*** and been acceptable in certain
applications (e.g. post-accident monitoring). This Qualification Documentatlon Review Package
and the Gulton-Statham generic acceptability was conservatively bgsgd on )the performance
requirements of Tables A9 and A10. The Gulton-Statham- establlshed\acceptance values are
substantially more severe than specified by the Nuclear Steam S@pﬁ/ Vendor for the original
supply of Gulton-Statham transmitters, found in practice, or, used\by other transmltter

suppliers. *** : : %@

*Transmitter is defined (Reference 8) as, “A transducer which responds to a measured variable by means of a
sensing element, and converts it to a standardized tran5@x§/§9}1\5|gnal which is a function only of the measured
variable.” Gulton-Statham note: The standardized transmls\\s;on signal for Gulton-Statham is the traditional
standard 4-20 mA dc signal of the power industry. A 1Q §9 mA dc signal output is also used in the power industry,
although less frequently than 4-20 mA dc. Section F mcludes design change evaluations which validate
acceptability of qualification for such units traceabl\to the original qualification.

**Accuracy, measured is defined (Referenceé)\as ¥"The maximum positive and negative deviation observed in
testing a device under specified conditjén: Sapd b by a specified procedure. Note 1: It is usually measured as an
inaccuracy and expressed as accuracy\/f\lote 2: Itis typically expressed in terms of the measured variable, percent
of span, percent of upper range value/pércent of scale length or percent of actual output reading.”

***Gulton-Statham Note: The st\andard measure used in this qualification is Upper Range Limit (URL) wh|ch is (per.
. Reference 8), “The hlghest value,of the measured variable that a device can be adjusted to measure.”

****Reference 36 is original General Electric Specification which allows 5% of maximum range value for less severe
exposure than the Gulton- Statham instrument, are qualified to with less inaccuracy. In worst cast instrument
accuracy determinations, the inaccuracies for PWR service has been shown acceptable with loop accuracies of
17-30% or more, for steam generator low-low level, pressurizer pressure low-low level, steam generator narrow
range level, pressurizer level, main steam flow, cold leg safety injection flow, etc. The other transmitter suppliers
with poorer accuracy performance necessitated a much more complex set point analysis than would be necessary
for the more accurate Gulton-Statham transmitters.

PAGE A-12



25402-011-V1C-JQ08-00001-001

The discussion of similarity between the tested equipment and the Gulton-Statham standard -
equipment is provided throughout this section.

For completeness, available qualification data was reviewed for all nuclear qualification tests
prior to the formal test program forming the basis of the P3200 series qualification. The first
development of a nuclear qualified transmitter was to meet equipment Specification
definitions*“>* for General Electric to a qualification level lower than demonstrated in this file.
The qualification efforts began with an investigation of the commercial P3000 series (primarily
PD 3018 unit), which included various tests, analyses, design reviews and comg)onent changes
(e.g. removal of Teflon[] sleeving, utilization of radiationresistant fill fluid, etc.)®**". These
tests and analysis included irradiation to 30 Megarads, 250[JF ambient service, and other
parameters. Subsequent to design change and review from the P3000 series, the model series
became the P3200 series®®>".

Prior to the full type testing program, used as the primary means of equipment qualification
demonstrated in this file, a “Nuclear Scope Test Report”® was prepared which included a
combination of qualification methods for scoping or screening prior to thg full qualification test
program. Included was testing of PDH 3200-030 units with irradiatiogito>a nominal 33
Megarads, thermal aging (221[JF for 12.8 days), ambient (dry he(at)\%}?&EF and seismic
simulation. This report, “does not completely duplicate the Fornqal/@zuallf ication Test Program.’
The data obtained defines the accuracy, thermal, and radnahon@én‘ormance characteristics of
the P3200 Series Pressure Transmitter.” The scoping effort\was instituted as a cost-effective
initial qualification effort prior to the more costly formal quahfcatlon program. No specific
qualification credit is taken for the scoping test repor(t(sxor\the earlier tests, as a true HELB
environment was not included, nor was the appropnate IEEE 323-1974 test sequence.
However, as these tests were qualification efforts fo/r\/completeness they are included. The
screening tests demonstrated the units (W|th|n<£t1ye\test scope that did not include LOCA, MSLB,
- or HELB wet/pressure environments), would} meeét specifications for the test exposures
previously described. The earlier tests were used as a means to determine candidate

N
subcomponent changes from the PBOQO\/senes necessary to meet severe environmental
conditions as nuclear qualified gonrgpo\nents As part of the qualification review effort leading to
this current report, the Gulton- Sta\tham Quality Assurance group verified past shipping records
and confirmed only the P3200 series was shipped as nuclear safety-related

Other Guiton-Statham tr@\\g@mtter model series such as the P3000 series, which are the
commercial grade modelkof the P3200 series, exist. The P3000 series may be functionally
suitable for certain mildRor moderately harsh nuclear plant environments, but they are not
controlled under the current Gulton-Statham Nuclear Quality Assurance Program and do not
include nuclear qualified materials (e.g. elastomers and cable), as does the P3200 series.

- Consequently, the P3000 series is not enveloped under this documentation package.
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In addition, a P3100 designation was temporarily used for units with a planned capability
somewhat less than the P3200 series. No P3100 units were ever released for production. A
P3300 series was developed as a designation for P3200 Series Transmitters planned to be
marketed through a Nuclear Steam System Supplier based on the standard P3200 series; and a
worst case PWR environment to be supported by a model designation of P3400 with a
completely new qualification program. No P3300 or P3400 units were ever shipped. Additional
generic qualification tests (beyond the P3200 series tests described on this Qualification Report,
was attempted for P3200 use in worst case PWR environments; however, this testing®" while
successful for irradiation and seismic withstand, was not successful in regards to meeting
MSLB/LOCA qualification withstand at the extreme levels (e.g. greater than 425[]F). Although
much research and development or testing has occurred beyond the original test program
forming the basis of qualification (often for research on other products or different aspects of unit
performance), there is no known generic test result which will invalidate the level of qualification
demonstrated

1C VERY CONSERVATIVE QUALIFICATION MEANS

The requnrement of this qualification documentation is-to provide reasonable assurance (Refer
to Paragraph 2Q for an explanation of this concept), that the GultanSt‘eﬁham transmitters will
" not degrade plant safety, and will perform their safety function in(a “harsh environment or for a
worst case series of seismic events. This is done primarily. by’p)ro ing the adequacy of the
equipment to successfully meet its performance requnreme\n“ts <Ciunng a harsh environment
exposure and severe seismic exposure. As this qualifi ication°’demonstration is generic, it must
support the licensing commitments of various plants, <R\<\apresentative but conservative generic
data, is used in this documentation package to aIIo ~the User to easily modify the analysis to
make it unique for a specific application. z&

N %
The Gulton-Statham Transmitters were typé- tested to a designated worst case enveloping
environment using the methodology of \IEEE 323-1974 and IEEE 344-1 975, which meet
10CFR50.49, IEEE 323-1983, IEEE’344 21987, IEEE 627-1980, and NUREG 0588 Revision 1
requirements. The review of thefdtfferent reqwrements that follow illustrate how the transmitters
meet all of the aforementioned reqwrements

1C.1 ENVIRONMENTAKL\QUALIFICATION MEETING BOTH IEEE 323-1974 AND IEEE
323-1983 REQUIREMENTS TO MAXIMIZE USER FLEXIBILITY. ‘

The NRC staff posmon found in USNRC Regulatory Guide 1.89 Revision 1('"®, June 1984,

Paragraph B, second subparagraph, describes the basis for environmental qualification quite
well, as follows:

PAGE A-14



25402-011 -V1 C-JQ08-00001-001

“For the purpose of this guide, ‘qualification’ is a verification of design limited to
demonstrating that the electric equipment is capable of performing its safety function
under significant environmental stresses resulting from design-basis accidents in order to
avoid common-cause failures.”

The qualification means for acceptability in the U.S., must meet the definition of the qualification
requirements outlined in 10CFR50.49(f) [6]"), which includes the following four (4) acceptable
qualification methods:

“(1)  Testing an identical item of equipment under identical conditions or similar conditions with
. a supporting analysis to show that the equipment to be qualified is acceptable.”

“(2) Testing a similar item of equipment with a supporting analysis to show that the equipment
"~ to be qualified is acceptable.”

“(3) Experience with identical or similar conditions with a supporting analysis to show that the
equipment to be qualified is acceptable.”

“‘(4) Analysis in comblnatlon with partial type test data that support the analytlcal assumptions
and conclusions.” &

The primary method of qualification for the Transmitters ar&r;nethods (1) and (2) above or Type
Testing. Although the EQ rule (10CFR50.49) does not dlfferentlate the methods by showing a
preference, the NRC staff does by its endorsement of,\IEEE 323-1974® in USNRC Regulatory
Guide 1.89"® in lieu of IEEE 323-1983% or IEEE 627 1980, Whereas the 1983 version of
IEEE 323, the 1980 version of IEEE 627, and the Rule has no preference for Type Testing, the
NRC staff endorsed IEEE 323-1974 which inclGdes the foIIowmg in Paragraph 5, “Principles of
Quahﬁcahon ' &\\/

“It is preferred that the demonstration@dgne by Type Tests on actual equipment.”

The Gulton-Statham transmitte@e type tested and meet the most stringent industry
requirements of IEEE 323- 1974/) Therefore, this qualification demonstration meets or exceeds
the 10CFR50.49, IEEE 323519 983 IEEE 627-1980, and NUREG 0588 Revision 1 requirements

AN

that remove very conserva\yye and industry standard consensus determined as unnecessary

practices of IEEE 3234974

N

1C.2 SEISMIC WITHSTAND QUALIFICATION MEETING BOTH IEEE 344-1975
AND IEEE 344-1987 REQUIREMENTS TO MAXIMIZE USER FLEXIBILITY

For Seismic Withstand Testing, the methodology used was traceable to IEEE 344-1975 (as
shown in the Qualification Reports and procedure described in Section 2E and found in Sections
G.1 and G.2). This methodology remains essentially unchanged by IEEE 344-1987, the current
version of the standard, as illustrated below.
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The significant differences between the two (2) versions of the IEEE 344 standard, is that the
later version includes a whole new Section, (Section 9), allowing for seismic qualification for
experience and various non-binding additional guidelines and clarifications in the Appendices of
the standard. The NTS testing is consistent with testing allowed in both issues of the standard
(Paragraph 7 of the 1987 version and Paragraph 6 of the 1975 version). For example,
review of Paragraph 6.6.1 of IEEE 344-1975 and Paragraph 7.6.1 of IEEE 344-1987,
indicates essentially the same requirements. Subparagraph (a) below, is the exact words of the
1975 standard (Paragraph 6.6.1), while sub- paragraph (b) is that from the 1987 (Paragraph

- 7.6.1) standard: - '

(a)

From IEEE-344-1975: “6.6.1 INTRODUCTION: Present test methods generally fall into

- two major categories: proof testing (Section 6.2), and fragility testing (Section 6.3). The

choice of the type of motion to best simulate the postulated seismic environment is
difficult, but the methods available also fall into two categories; single frequency and
multiple frequency. The choice of method will depend upon the nature of the equipment
and the expected vibration environment. The various technical requirements appropriate
to each test method may provide extra benefits for specific applications. However, such
consideration should not preclude the legitimate use of any of the)methods specified, all
of which can be justified as meeting some basic seismic cr{rter}ron”level ”

In general, the proof test seismic simulation waveforrxs\@ould:

(1) Produce a TRS which closely envelops the Igl%)r the applicable portions thereof,

using single or multiple frequency as requjred, to provide a conservative (but not
overly conservative) test table motion. @

(2) Have a peak amplitude equal t0<or g ater than the ZPA, except at low frequencies
where the value of the RRS dec&ases below and stays below the ZPA.

\
(3) Not include frequencies ab@e\the ZPA asymptote.

A\
(4) Have a duration in a@rdance with the requirements of Section 6.6.5.

Z
As a further compllca{o% consideration must be given to the choice of single-axis or

multiple-axis testmg@s descrlbed in Section 6.6.6.
[\\«.

From IEEE 34}1‘987: “7.6.1 INTRODUCTION: Present test methods generally fall into

three major categories. They are proof-testing or.generic testing (7.2), and fragility.
testing (7.3). The types of motion available to best simulate the postulated seismic
environment fall into two categories; single frequency and multiple frequency. The -
method chosen will depend upon the nature of the expected vibration environment and
also somewhat on the nature of the equipment. The various technical requirements
appropriate to each test method may provide extra benefits for specific applications.
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In general, the proof or generic test seiémic simulation waveforms, or both, should:

(1) Produce a TRS which closely envelopes the RRS or the applicable portions
thereof, using single or multiple frequency input as required to provide a
conservative (but not overly conservative) test-table motion.

(2) have a peak acceleration equal to, or greater than, the RRS ZPA.
(3) Not include frequency content above the ZPA asymptote.
(4) Have a duration in accordance with the requirements of Section 7.6.5.

Consideration must also be given to the choice of single-axis or multlple -axis testlng as
described in Section 6.6.6.

It is quite obvious from a review of the basic requirements that the methodology and criterion
used in both standards is the same for the seismic testing. The dn‘ferencesbare essentially
editorial. The testing by NTS met the four (4) basic requirements sta@m both standards by

test. A @\

1.3 SELECTION OF ENVIRONMENTAL QUALIFIGATION AND VIBRATION
PARAMETERS &

The aging requirements, harsh environmental exposure\vlbratlon and seismic simulation
selected for qualification is shown in Section B and dlscussed in this Section. During the
determination of the generic conditions for teStlng\ID/the early 1980's when the units were
tested, the industry attempted to establish gener/lc cfequirements (i.e. the generic profiles of the
non-binding appendices of IEEE 323- 1974Q/vere/not included in the IEEE 323-1983 revision),
and a series of generic cases for inside Q)ntalnment inside drywell, outside containment, etc.,
was being discussed. The only avallable generlc profiles now supported by the IEEE appeared '
two (2) years later in IEEE 382- 1/985*\Gulton -Statham, in support of industry needs,
established a series of reqwremths reflected in Section B data that meets the majority of all
know applications and was consistent with the conservative determination of appropriate

AN
parameters at the time of /tes\t%plan preparation. Certain aspects of qualification far exceed
industry “standard” metho@such as (1) assurance of electronics adequacy by initial high dose
rate exposure (e.g. 3\Megarads/hour) since electronic radiation susceptibility is much greater at
high rates for electronics; (2) testing for Steam Relief Valve (SRV) induced vibration when such
testing is rare, and (3) running the required seismic simulations twice for different mounting
brackets on the same differential pressure transmitters.

*Reference 22, Section C. NOTE: More than ten (10) years after issuance of IEEE 382-1985, these
generic environmental profiles are the only industry-wide guidance.
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PART 2- EQUIPMENT DESCRIPTION AND EQUIPMENT ANALYSIS

This part of the summary section of the QDR (Section A, Part 2) includes equipment description,
traceability, performance review, and other aspects of qualification demonstration. Detailed
parameter by parameter reviews (e.g. temperature, pressure, radiation, etc.) are found in
Section D.

2A GENERAL EQUIPMENT DESCRIPTION

The Transmitters subject to this documentation package are the PD 3200, PDH 3200, PD 3218,
PDH 3218, DR 3200 and PG 3200 Series. The units provided as nuclear safety- related have

~ always been manufactured under a nuclear quality program to 10CFR50, Appendix B(®
Currently, the manufacture is under both 10CFR50, Appendix B and the International Standard
ISO 9001, Both these quality management systems require design control, configuration
control, test control change control, and quality control to assure that the equipment supplied
meets the design and test configuration for that equipment. Paragraphs 2D and 2K provide
more detail regarding original test configurations and traceability from thg test units to the
production units shipped to industry. Paragraph 2P describes the chacgécontrol process.

f
2A1 THE PD 3200 AND PDH 3200 SERIES TRANSMITTERS

The P3200 Series Differential Pressure Transmitter are unrtg d%lgned to provide accurate and
reliable pressure measurements in level and flow appllc\atlons The transmitter features non-
interacting zero (0) and span adjustments, simple dc ele\ctronics and thin film strain gage
technology. The transmitters provide industry standard 4-20 mA* output with a power
supply voltage at the transmitter of 12-55 VDC. S?'\l'hé)dlfference between the PD 3200 and PDH
3200 is simply the pressure range of the unrts@vlth the PDH unit having a higher pressure range
and corresponding greater pressure dlaphraﬁm thickness. All design stresses and margins
(electronics, seals, configuration), are |de{15|cal between the PD 3200 and PDH 3200, with the
simple difference of the previously des\crlbed adjustment in diaphragm dimension to correspond
to the process pressure. Quallfcat)lon of the PDH 3200 equipment based on PD 3200 testing is
clearly enveloped under the gwdance of IEEE-323-1983 for Extrapolation and Interpolation
which describes sound, ana{lyyoalvtechnlques which may be used to qualify equipment by
extending the application })f‘tesbdata”** The unit specifications are provided in Table A1.
Various model number%o@ designations are described in Table A2, indicating different
pressure ranges, Junctlsm box codes, and other available features. A more complete series of
model numbers are reflected in Table A15 that includes past configuration designations and
current configuration designations (e.g. Seismic Mounting Bracket).

*As described under Section F, an alternate design has been evaluated under the design and configuration control
systems at Gulton-Statham which allows use of an alternate industry standard signal level of 10-50 mA dc.

**Extrapolation and Interpolation methods of IEEE 323-1983 (Reference 3), Paragraph 6.5.3, describes

acceptability of similarity approaches based on considering (1) Material, (2) Size, (3) Shape, and (4) Stress which
are all met between the PD 3200 and PDH 3200 transmitters. :
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Paragraph 2D describes the basis for similarity analysis, while Paragraph 2K describes the -
samples tested. Performance under accident and seismic conditions is shown in Table A9. The
actual environmental worst case exposure conditions are shown in the detailed parameter
reviews of Section D. '

The transmitters are relatively small, includes hermetically sealed electronics in a stainless steel
housing, utilizes a unique field calibration technique by use of magnetically coupled external
adjustment screws for span and zero adjustment (calibration), not requiring an opening of the
unit (see Figure A3), and are based on decades of use in industry (more than a decade for the
nuclear units and several decades for the P3000 Series commercial units). :

2A1.1 TRANSMITTER PHYSICAL OUTLINE

A cross-sectional view of the basic unit is shown in Figure A1. The outline dimensions of a unit
is shown in Figure A2. Figure A3 indicates the mechanism of field calibration which does not
require any disturbance of the hermetically-sealed enclosure. The original unit used in
-qualification or type testing is reflected in Drawing 70006-000-001 (Refeféhce 14 contained in

Section F). ‘ 0

The ability to verify calibration without physically opening the unif\@/f@ use of magnetically
coupled external adjustment screws for span and zero adjustr.\ﬁént)), allows the transmitter used
in pipe break areas without special additional conduit sealg)semb!ies or disconnect assemblies.

2A1.2 BRIEF DESCRIPTION OF OPERATING‘P&R%NCIPLES OF SENSING CIRCUIT

The designis based on proven thin film strair'l\fggf}e technology in which the gage is strained
(e.g. force causes a deformation), leading to a’change in electrical resistance of the strain gage.
The strain gage* is a passive transducer tl'@(\t\\cvonverts a mechanical displacement (based on
pressure input in a pressure transmitter)g@‘ﬁto*a change in resistance. The strain gage is a thin
wafer-like device usually provided as a"“tﬁimjﬁlm strain gage (as it is in the Gulton-Statham
transmitter), which is bonded tO\é)n%\\érement that deforms (metallic bending beam at
Gulton-Statham). The strain gage’is Used in a Wheatstone Bridge circuit (see Figures A4A and
A4B), which does not require.altérhating current as do other technologies based on capacitive
measuring techniques. Consequently, the number of components is reduced resulting in
increased reliability, Iack\c/@goncern for ac to dc conversion and transformers and an ability to
provide all this capaﬁil\i{y:i‘n a relatively small enclosure. The bending beam is acted upon by a
combination of hydrauli¢ and mechanical forces. Process pressure, applied to the isolation
diaphragms on the sensor case outside is transmitted hydraulically by the silicone fill fluid to the
internal force-sensing diaphragm (Figure A4C).

*Brief description of strain gage derived from References 37-39. Reference 37 is provided in Section
G.5, and it describes the non-nuclear version of the Guiton-Statham Transmitters. The principles and
advantages of the supetrior design concepts are in the commercial as well as nuclear units (although
the commercial unit uses less capable lead wires, less quality screening in manufacture, etc.)
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The strain gage resistance change, changes the Wheatstone Bridge resistance balance with a
resultant output voltage change proportional to the applied pressure. A relatively simple (in
number of components and proven technology), dc amplifier provides the excitation voltage to
the Wheatstone Bridge which converts the output of the bridge to a current and provides the 4-
20 mA output signal on the two-wire dc power input cabling. The deflection of the sensing
diaphragm, which is mechanically coupled to the bending beam, causes a strain on the strain
gage with a resulting resistance change.

2A2 THE PD 3218 AND PDH 3218 REMOTE DIAPHRAGM SEAL SERIES
' TRANSMITTERS

The P3218 Series PD and PDH Differential Pressure Transmitters are essentially the same as
the PD 3200 and PDH 3200 transmitters except for the addition of the remote capillary
sensing diaphragm capillary assemblies.

' 2A21  TRANSMITTER PHYSICAL OUTLINE O

Figures ASA, ASB, A5C, and ASD illustrate the similarity between('/ﬁ\PD/PDH 3200 and
PD/PDH 3218 units. The electronics, potentially aging and epvn}r%nmentany-sensmve
components, are the same between units. The capillary attachments are 316 stainless steel.
The hydraulic media is DC-702 silicone oil which is |dent|cal\to that used in the sensor cavity of
the PD/PDH 3200 (and all nuclear) units. The Remote Sensmg Assembly (paddles and
capillary) comprise a separate hydraulic system outsnde\the sensor - the physical integrity of the
sealed electronic transmitter is not violated (see“F|gure AB). Process pressure applied to the
remote diaphragm is transferred-hydraulically to’the transmltter sensors by the silicone oil in the
capillary tubing. The capillary does not add’m\agy additional environmentally-sensitive
components. Essentially all performance t“e%tihg, design, and quality is the same.

The only differences are as follow: &<©>f\

. The PD/PDH 3218 has wetded -on pressure caps (where the capillaries meet the main
body), while the PD/PBH’3200 has the standard bolted-on pressure caps.

e ﬂ

. The PD/PDH 3218\has a different and more extensive mounting bracket due to its shape.

. The PD/PDH 3218 has a slightly different lower body to accommodate the pressure cap
welds.
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The difference in application is in the simple accounting for the change in response time* for
sensing of the pressure changes which must be transmitted through the capillary, and the
potential differences in fluid pressures for mounting the remote paddles at different
temperatures which is all accounted for in the installation design by the user. (Also see Section
E)

Figure A5 is generated to illustrate the discussions above. Figure A5A is a model PD/PDH 3200
transmitter with bolt-on pressure flanges fitted to the sealed electronic transmitter housing.
Figure ASB is a model PD/PDH 3200 transmitter with bolt-on pressure flanges removed from the
sealed electronic transmitter housing. Figure A5C is a model PD/PDH 3218 which is essentially .
the PD/PDH 3200 electronic transmitter with welded pressure caps and capillary attachments.
Figure ASD summarizes the above discussion. Note: These units which have only a mechanical
change external to the electronic housing, have been fully vibration and selsmlcally qualified, as
described later.

As with the PD/PDH 3200 units, the transmitter features non-interacting zero and span
adjustments, simple dc electronics and thin film strain gage technologyf(T\he transmitters
provide industry standard 4-20 mA** output with a power supply voItage\at the transmitter of 12-
55 VDC. Unit specifications are provided in Table A3. Various model\number code
designations are described in Table A4 indicating different pressure ranges, junction box codes,
and other available features. A more complete series of mode? rqymbers are reflected in Table
A15 that includes past configuration designations and currth(\cgnfguratlon designations (e. g.
Seismic Mounting Bracket). Paragraph 2K describes thé samples tested and Paragraph 2D
describes the basis to envelop the available units. Perfarmance under accident and seismic
conditions is shown in table A9 based on both testlng “Sfthese units and by S|m|Iar|ty to the
PD/PDH 3200 units for the complete type test progsm

The actual environmental worst case exposurg?condltlons are shown in the detailed parameter
reviews of Section D. N

Q
The outline dimensions of a unit aref\sﬁo\§n§|n Figure A6. Figure A3 (as for the PD and PDH
3200 Series), indicates the mecHanism of field calibration which does not require any

disturbance of the hermetically sevéled enclosure.

o
2A2.2 BRIEF DESCI@ION OF OPERATING PRINCIPLES OF SENSING CIRCUIT

The unit principles of @ation is the same as in Section 2A1.2.

*As the response time is a function of capillary iength, contact the factory for necessary information
appropriate to the subject capillary length.

**See footnote on page A18 regarding use of alternate 10-50 mA dc signal level.
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2A3 THE DR3200 DRAFT RANGE PRESSURE TRANSMITTERS

The DR 3200 Series Draft Range Differential Pressure Transmitters are essentially the same
as the PD 3200 Transmitters, except for insignificance to the environmental qualification minor
changes described in this section. The DR 3200 is designed to measure very small differential
pressure; as low as 0 to 1" H2O full scale. The only changes are the small changes necessary
to achieve the higher sensitivity, and sensing diaphragm stiffness reduction gain over the PD
3200 unit.

The electronics, potentially aging and environmentally-sensitive components are essentially the
same between units. Essentially, all performance testing, design,-and quality is the same
(except as necessary to test for different pressure ranges).

The only differences are as follows:

«  The DR 3200 amplifier design is identical to the PD 3200 amplifier with the exception that
two (2) resistors have a change in value to increase gain for the I§wer value transmitter
pressure. This is not a significant design change between unlts as\vthe electrical
component physical configuration is unchanged, number offcomponents are unchanged;
just a resistance value change. &

. The DR 3200 Sensing Diaphragm (see Figure A7: \lsﬁt&nnner to result in less stifiness
than the PD 3200 Transmitter and to be more se\nsmve to the lower external process
pressure of the draft transmitter. Note that both«sensmg elements are fabricated of the
same metallic material (stainless steel) and/aré\n?;t sensitive to thermal or radiation aging
or acmdent-mduced degradation effects du\\e?@o temperature, radiation, etc.

<

2A3.1  TRANSMITTER PHYSICAL Q*U)'FLINE

A cross-sectional view of the baS|c <un|t/|s shown in Figure A7. The figure is identical to the
PD/PDH 3200 cross-section (other than fi figure legend) shown in Figure A1. The outline
dimensions of a unit is showr}{n/anure A8. Figure A3 from the PD/PDH 3200 unit indicates the
mechanism of field callbratlon which does not require any disturbance of the hermetically sealed

enclosefe | @@

The ability to verify calibration without physically opening the unit (by use of magnetically
coupled external adjustment screws for span and zero adjustment), allows transmitter use in
pipe break areas without special additional conduit seal assemblies or disconnect assemblies.
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As with the PD/PDH 3200 units, the transmitter features non-interacting zero and span
adjustments, simple dc electronics and thin film strain gage technology. The transmitters
provide industry standard 4-20 mA* output, with a power supply voltage at the transmitter of 12-
55 VDC. Unit specifications are provided in Table A5. Various model number code
designations are described in Table AG, indicating different pressure ranges, junction box codes,
and other available features. A more complete series of model numbers are reflected in Table
A15, and includes past configuration designations and current configuration designations (e.g.
Seismic mounting bracket). Paragraph 2D and 2K describes the basis to envelop the available
units and samples tested, respectively. Performance under accident and seismic conditions is
shown in Table A9, based on similarity to the PD/PDH 3200 units for the complete type test
program. _

The actual environmental worst case exposure conditions are shown in the detailed parameter
reviews of Section D.

- 2A3.2 BRIEF DESCRIPTION OF OPERATING PRINCIPLES OF SENSING CIRCUIT
The unit principles of operation is the same as Section 2A.1.2. ©©

2A4 THE PG 3200 SERIES TRANSMITTERS &%

The PG 3200 Series Gage Pressure Transmitters are Uni-t\s Qesigned to provide accurate and
reliable gage pressure measurements. The transmitter (eafures non-interacting zero and span
adjustments, simple dc electronics and thin film straln\gage technology. The transmitters
provide industry standard 4-20 mA* output with aaﬁower supply voltage at the transmitter of

- 12-55 VDC. Unit specifications are provided mSTabIe A7. Various model number code
designations are described in Table A8, mdtcatmg‘dlfferent pressure ranges, junction box codes,
and other available features. A more completé‘senes of model numbers are reflected in Table
A15, that includes past configuration desngﬁétlons and current configuration designations (e.g.
Seismic mounting bracket). ParagraphS\ZD and 2K describe the basis to envelop the available
units and samples tested, respectlvelyVPerformance under accident and seismic conditions are
shown in Table A10. The actual\\e\nwronmental worst case exposure conditions are shown in
the detailed parameter reviews of" Sect|on D.

2A4.1 TRANSMITTER PHYSICAL OUTLINE

The unit is relatively small, includes hermetically sealed electronics in a stainless steel housing,
utilizes a unique field calibration technique by use of magnetically-coupled external adjustment
screws for span and zero adjustment (calibration) not requiring an opening of the unit, and is
based on decades of use in industry (more than a decade for the nuclear units and several -
decades for the P3000 Series commercial unit).

*See footnote on page A18 regarding use of alternate 10-50 mA dc signal level.
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A cross-sectional view of the basic unit is shown in Figure A9. The outline dimensions of a unit
is shown in Figure A10. Figure A3 (as for the PD and PDH 3200 Series) indicates the
mechanism of field callbratlon WhICh does not require any disturbance of the hermetically sealed
enclosure. '

2A4.2 BRIEF DESCRIPTION OF OPERATING PRINCIPLES OF SENSING CIRCUIT
The unit principles of operation is the same as in Section 2A1.2.

2B SEISMIC WITHSTAND CAPABILITY VERSUS ENVIRONMENTAL
QUALIFICATION COVERAGE

The generation of a Qualification Documentation Review Package, such as this package, is
usually provided only to demonstrate environmental qualification to documents such as
10CFR50.49.

Seismic Withstand Capability is not within the specific scope of 10CFR5Q\49 IEB 79-01B, and
NUREG 0588 (References 1, 7 and 6)." This is confirmed by the NRC“\asf stated in the
“Statements of Consideration to 10CFR50.49" (Federal Register, Vol§48 No. 15, Friday,
January 21, 1983). This documentation package addresses Enyironmental Qualification in
Section D, consistent with the parameter by parameter review successfully used for
Envrronmental Qualification demonstration in the past. & :

However, for completeness in coverage, this packagjeta\ddresses both Environmental and

Seismic Q»ualification. _ @ 75

Specifically, Section 2H addresses Sersmlcstﬁ'stand capability, which is very substantial,
providing margin over every known apphcat@r

0
2C PHYSICAL LOCATION AGUSTOMIZATION FOR GULTON-STATHAM

CUSTOMERS
QY

As indicated earlier, this is a genenc qualification document. However, this document can be

modified to specifically add. reference to a User Location, Instrument Tag Numbers, detailed
AN

comparison between unr\g@e/plant requirements and transmitter capability. Such an

arrangement would be\establlshed as part of the contract details and scope of related services

for Gulton-Statham’s supply of equipment to customers.

The unique modification described above can be provided for previously supplied
instrumentation as well as for new orders. The data presented herein is primarily driven towards
IEEE standards, USNRC documentation preferences, and light water reactors. However,
qualification demonstration to other international standards, such as IEC 780®® as well as other
reactor design requirements such as Canadian designed reactors ?*® would be provided to
satisfy the specific needs of a user application.
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2D SIMILARITY/TRACEABILITY OF TESTED AND SUPPLIED TRANSMITTERS

The purpose of this discussion is to demonstrate that the-various transmitter configurations
which underwent type testing (described earlier in Section A, part 2, sub-paragraphs), are
similar and therefore representative of the entire Gulton-Statham Nuclear Safety-Related
equipment supply to industry. The specific test samples that underwent the type test program is
described in Paragraph 2K. A series of model numbers are reflected in Table A15 that includes
past configuration designations and current conflguratnon designations (e.g. Seismic Mounting
Bracket). .

Supplied or Available Transmitter to Test Specimen Traceability includes consideration of
similar or the same materials, similar or the same components, similar or the same ratings,
similar or the same construction, etc. The following considerations are used to establish
adequate traceability or similarity:

. Component physical arrangement; size, mounting features, interconnections, stresses,
heat generation/dissipation, and other susceptibility. @
+ . Aging effects. ©

« . Environmental effects. \
+ - Performance requirements. ' . &%

As Gulton-Statham has maintained a full Nuclear Quallty\\@sisurance Program (meeting
10CFR50, Appendix B), throughout the original manufac\;turlng, testing, and current
manufacturing period that includes Design, Conflguratron Procurement, Test and Quality
Control, the units tested are representative of the er\re series of PD 3200, PDH 3200, PD 3218,
PDH 3218, DR 3200 and PG 3200 series transmltters As described in Section F, Paragraph 3,
certain control changes or improvements have oc\c“urred which does not mvaludate the
qualification or testing (e.g. exclusion of Neoprene gasketing and substitution of Viton [] which
have passed qualification testing). Q

The similarity and Gulton- Stathamgcop(tpols clearly meet the Extrapolation and Interpolation
methods of IEEE 323-1983 (Refe\rence 3), Paragraph 6.5.3, which describes acceptability of
similarity approaches based on.considering (1) Material, (2) Size, (3) Shape, and (4) Stress.

The degree of similarity\w@and remained very substantial between test units, between test
units and supplied unrts~and between test units and present production. The guidance found in
accepted practice of valve actuators, modules, cable, seismic qualification, and generic
qualification™ all allow far more liberal or less conservative extrapolation than the degree of
Gulton-Statham similarity. The Gulton-Statham transmitters clearly meet conditions of
10CFR&0.49, sub-paragraph 6.f(1) and f(2) quoted in Section 1.C.1 of this document. Specific
test unit overview which correlates the various samples is found in Section 2K as a clarification
of units tested.

*Guidance for allowable extrapolation of similarity well beyond that necessary for Gulton-Statham is
found in IEEE 323, 344, 381, 382 and 383 (References 2, 3, 4, 5, 22, 23, 41).
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2E QUALIFICATION DOCUMENTATION APPLICABILITY

Qualification of the transmitters is primarily based on testing conducted by National Technical
Systems (NTS) as described in NTS Test Report Number 528-0994, Revision B (Reference 9)
to the NTS Procedure Number 528-0994, Revision C (Reference 10). Other initial and related
developmental qualification efforts are described in Paragraph 1B for completeness. None of
these efforts provided results for the qualification parameters (described in Section B) that
invalidate the qualification demonstrated. Additional review of the original data** and
presentation of the LOCA exposure** has been generated by Gulton-Statham as part of this
documentation package update. Such data, under the Quality Assurance Program at Gulton-
Statham is found in Sections D (Figure DT1) and F.

" Note that, “Summary information in and of itself is not to substantiate qualification of equipment
because the licensee must examine the referenced document from which the data was
extracted and certify that the data is fully applicable and valid for quallfylng the specific
component.” pursuant to the enclosure to Generic Letter 81-15"%. Therefore, this section
provides more than simple summary data and is supported by the compk"fe, test reports in

- Section G, the additional analysis within this section, and the additi,on@/\"?\/analysis of Section D.

2F REPORT COMPLETENESS AND SUPPLEMENTARYfDATA

Included in the Test Report are various photographs, Ta l% an%j Data Sheets all providing
reasonable assurance of an auditable, thorough, and complete test. The following highlights
and examples are pertinent:

. Photographs of test set-ups for SRV Vibl"“a@for Seismic Vibration, for LOCA Testing.
, s (7
. Model description and serial numbersQfor'test units. Additional amplification by
reference to Tables A1-A8, Table?}}?p Figure A1-A10, and Section F drawings
contained in this Qualification @on add clarity to the audit trail from the test units to
the current production units;

. Seismic Withstand Testln\PIots as well as SRV Vibration Aglng Plots in Sectlon B
(Figures B2 and BB) ana%Sectlon G.1 (NTS Report 528-0994, Appendices B and C). .

. lllustrations of\Test\Set -ups. Additional amplification by reference to Figures A11-A13,
A15, A20-A24, and A-26 contained in this Qualification Report add clarity to the
functional and performance testing. .

**Reference 42
***Reference 43

. Comprehensive Test Procedure. Additional amplification by reference to the test
descriptions described in this package add clarity to the actual procedures used.
. Careful control of testing by controlled use of Change of Procedure and Notice of

Deviations under a 10CFR50, Appendix B program.
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In addition, the original lab notebooks, tapes of High Energy Line Break (HELB) exposure from
NTS testing, and raw functional test data was reviewed for this document package. The
specific inaccuracy values derived from raw functional test data remain unchanged. Included
was additional description of the functional tests performed, determination of the disposition of
all planned test samples, and similar activities to assure (under a Nuclear Quality Program),
that the basis for qualification demonstrated in this documentation package is provided with
reasonable assurance. This documentation package includes all the pertinent data
necessary for qualification demonstration (e.g. Application Discussion in Section 1B, Review
of Anomalies in Section 2K, Reasonable Assurance in Section 2Q, etc.).

2G ' DESCRIPTION OF FUNCTIONAL TESTS FOR ACCURACY DETERMINATION_
AND DEMONSTRATION THAT QUALIFICATION PERFORMANCE
REQUIREMENTS ARE MET

In 10CFR50.49("), sub-paragraph (j); it is required that the “record of qualification including
documentation.. to permit verification that...each item (1) is qualified for its appllcatlon and (2)
Meets its specified performance requirements when it is subjected to the Conditions predicted to
represent when it must perform its safety function up to the end of | |ts<>allfed life.”

As previously described in Section 1B, the true critical charactensf clor performance
requirement of a transmitter (which is a measuring sensor firstas\well as a signal converter), is
the correctness or accuracy of the measurement. T

Consequently, special attention to this measurement,wé\\s established as the basis of
qualification. This subsection describes these functlonalctests and the results of testing, “t
permit verification that...specified performance regl.{lrements are met, with reasonable
assurance. Section D describes the demonst@on of qualification.

Section 2H addresses Seismic and vnbraw\testlng not mcluded in the EQ Rule (10CFR50.49).

Qv
&
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* The functional tests consists of determining and assessing for acceptability five steps of
transmitter output signals based on pressure input as follows:

1. INITIAL ZERO (0) OUTPUT
2. UPSCALE 50% OUTPUT

3. FULL SCALE OUTPUT

4. DOWNSCALE 50% OUTPUT

5. FINAL ZERO (0) OUTPUT

2G.1 FUNCTIONAL TEST SET-UP

Figure A11 descnbes the Functional Test Set-up for the PG 3200 'Era@;mtter This test is used
for baseline testing and after or during each significant env1ronmer&;q|\or seismic exposure to
determine instrument accuracy. All test equipment used was undéfthe Gulton-Statham
(formerly Gould) Quality Assurance Control, including trace\ablllty\of calibration to the National
Bureau of Standards (now the National Institute of Standards ard Technology). A list of
instruments (Measuring & Test Equipment) used for functh\nal testing is provided in Section F

~ (the NTS instruments used during environmental, V|brat|®n and seismic test measurement and
. test are in the NTS documentation in Section G). @

2G.2 ELECTRICAL CONNECTIONS<F03FUNCTIONAL TEST

The power supply is adjusted to prOV|deJ24>VDC to the transmitter. The transmitter senses the
pressure and converts the measurement to a corresponding 4 t020 mA signal. The passage of-
the 4 t020 mA signal (ITRANSMWTER 3throdgh the precision 250 ohm resistor (R.) develops a
voltage drop (VDRop) by Ohms’ ba\w (VDRop = |TRANSMITTER X RL) which is dlrectly proportlonal to
the signal current (ITRANSMWTER)\magmtude The voltage drop is measured by a precision digital
voltmeter (DVM) to three dedimal places with a range of voltage from 1 to 5 volts corresponding
respectively to the 4 toZQ(mA signal:

Vboropr @ Lower Range Limit (4 mA) =ltransmiTTER X RL =4 mA dc X 250 ohms
- =1 volt
Voror @ Upper Range Limit (20 mA) =lrransmirter X RL = 20 mA dc X 250 ohms
= 5 volts
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This method is consistent with the standard and a rather simple method recommended to
validate or perform instrument calibration by essentially all pressure transmitter manufacturers.
Similar circuits have been used in research prepared for the USNRC for “Assessment of Class
1E Pressure Transmitter Response When Subjected to Harsh Environment Screening Tests,”
(Reference 44).

2G.3 MECHANICAL CONNECTIONS FOR FUNCTIONAL TEST

The pressure connections are by standard 1/4 inch NPT stainless steel tubing and related
fittings to the threaded female connection on the PG 3200 Transmitter (Refer to Outline Figure -
A10 for connection detail). -

2G4 TEST AMBIENT CONDITIONS SURROUNDING TRANSMITTERS DURING TEST

The ambient test conditions were either the normal baseline (or post—expoéure test) conditions
defined below or those about the instruments in their test chambers. The normal ambient
conditions were within the limits established in the NTS procedure, Paraﬁ?aph 409

e  AMBIENT TEMPERATURE 73°F + 18°F %
. RELATIVE HUMIDITY 50% 30%\@&
. ATMOSPHERIC PRESSURE 28.5 + 2\.0\3 0 inches Mercury absolute

N
2G.5 TEST PROCEDURE FOR FUNCTIONAL 'SAFETY CRITICAL ACCURACY
' DETERMINATIONS o @\\9 »

2G.5.1 GAUGE PRESSURE TRANSWI‘IT\TER (PG 3200) FUNCTIONAL TESTING

. Set-up per Figure A11 was-ass@d Vent Valve (Valve 2 for PG 3200 test set-up) was
opened and pressure souq:e valve (Valve 1 for PG 3200 test set-up) was closed such
that no process or InE){%Ii pressure was provided to the transmitter which is the 0%
pressure input. Th(;{/oltage drop across the precision 250 ohm resistor (R.) was
recorded, whlch<wa§/d|rectly proportional to the signal current by reading the value to
three decimal‘pfaces from the digital voltmeter (DVM). This was recorded on the
representative form shown as Figure A12, box 1, as transmitter output in volts as the 0%

- FS pressure input.

With the vent pressure source at minimum pressure, the pressure source valve of Figure
A11 (Valve 1 for PG 3200 test set-up), was opened and vent valve closed (Valve 2 for
PG 3200 test set-up), and the pressure source slowly increased in pressure and stopped
at 50% (with care taken not to overshoot the 50% point to negatively impact hystereS|s
determination) of full scale range (i.e. mid-span**).
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The voltage drop across the precision 250 ohm resistor (R.) was recorded which was
directly proportional to the signal current by reading the value to three decimal places
from the digital voltmeter (DVM). This was recorded on the representative form shown as
Figure A12, box 2, as transmitter output in volts as the 50% FS pressure input.

. The next step was to increase the pressure source slowly and stop at 100% (with care
not to overshoot the 100% point). The voltage drop across the precision 250 ohm
resistor (R.) was recorded which was directly proportional to the signal current by reading
the value to three decimal places from the digital voltmeter (DVM). This was recorded on
the representative form shown as Figure A12, box 3, as transmitter output in volts as the
100% FS pressure input.- : _

. The next step was to decrease the pressure source slowly and stop at 50% (with care
taken not to overshoot or go beyond the 50% point to negatively impact hysteresis
determination). The voltage drop across the precision 250 ohm resistor (R.) was
recorded which was directly proportional to the signal current by readlng the value to
three decimal places from the digital voltmeter (DVM). This wasw@corded on the
representative form shown as Figure A12, box 4, as transmittef oﬁtput in volts as the

50% F$S pressure input. , /%\\J

. The next step was to decrease the pressure source slgwlyto 0% and open the Vent
Valve (Valve 2 for PG 3200 test set-up), and close\t@a\ﬁ"essure source valve (Valve 1 for
PG 3200 test set-up), such that no process or lnput pressure was provided to the
transmitter. The voltage drop across the precnglo\n 250 ohm resistor (R.) was recorded
which was directly proportional to the S|gna},current by reading the value to three decimal
places from the digital voltmeter (DVM). ZFQLs/was recorded on the representative form
shown as Figure A12, box 5, as transmu{er‘output in volts as the 0% FS pressure input.

The next step was to calculate the’FuIl Scale Sensitivity by taking the Transmitter Output’
at full scale (100%) from box 3(f\Flgure A12 and subtracting the Transmitter Output at
zero input (0%) from box<<,/ofx|gure A12. This is mathematically simply expressed as:

y\>
*Hysteresis is defined (Refe;eﬁge\8) as, “That property of an element evidenced by the dependence of
the value of the output, for a@en excursion of the input, upon the history of prior excursions and the
direction of the current{raverse.” A means to determine the separation of measured values between the
upscale going and downscale going value of the measured variable which includes a full scale traverse
(0% to 100%) of input. Errors are reported in absolute value and as a percent of either full scale (Upper
Range Limit) or span. '

**8pan is defined (Reference 8) as, “The algebraic difference between the upper and lower range
values.” Equated in the signal parameter, this would be 16 mA dc based on subtracting the lower range
limit value of 4 mA from the upper range value of 20 mA. Expressed in the derived voltage drop for the
test set-up, this is four (4) volts span.

(V =Is XRL =16 mA X 250 ohms = 4 volts); whereas values expressed in relationship to Upper Range
Limit (URL) of 20 mA is compared (as an absolute value) to 5 volts (Vprop =lur. X RL = 20 mA X 250
ohms = 5 volts).
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FULL SCALE SENSITIVITY = BOX 3 - BOX 1

This value in volts was recorded on the representative form shown as Figure A12,
box 6.

The next step was calculation of the Ideal Line Range Mid-Point Value by taking the
Transmitter Full Scale Sensitivity value from box 6 of Figure 12 and dividing by 2; add the
Transmitter Output at 0% of process input from Box 1 of Figure A12. This is
mathematically simply expressed as:

IDEAL LINE MID-POINT = (BOX 6 / 2) + BOX 1

This value in volts was recorded on the representative form shown as Figure A12 in |
box 7. _

The next step was calculation of the Non-Linearity by taking the Transmltter Output (in
volts) at 50% process input from box 2 of Figure A12 and subtractlng the Transmitter
Determined Ideal Line Range Mid-Point Value from the pre |ousfjstep from box 7 of
Figure A12. This is mathematically simply expressed as&

NON-LINEARITY = BOX 2 - BOX 7 %

This value in volts was recorded on the represen‘}ative form shown as Figure A12 in

box8. . | | @&WB

The next step was calculation of thengnearlty Error as measured and determined at
100% Full Scale by taking the prevnously determined Non- -Linearity from box 8 of Figure
A12 and dividing by Full Scale SenS|)t|v1ty (in volts) from box 6 of Figure A12 then
multiplying by 100% to represent\the data as a percentage of Full Scale. This is

~ mathematically simply exgr/esi\ed as:

LINEARITY ERROR (PERGENT OF FS) = (BOX 8/ BOX 6) X 100%

This value in perce@of Full Scale was recorded on the representative form shown
g

as Figure A1 2\\bo><>9

The next step was calculation of the Hysteresis by taking the Transmitter Output (in volts)
at the second determined value of 50% process (approached from the 100% or Full
Scale input end) from box 4 of Figure A12 and subtracting the Transmitter output (in
volts) at the first determined value of 50% process (approached from the 0% of Full Scale
input) from box 2 of Figure A12. This is mathematically simply expressed as:

HYSTERESIS = BOX 4 - BOX 2

This value in volts was recorded on the representative form shown as Figure A12,
box 10.

PAGE A-31



25402-011-V1C-JQ08-00001-001

. The next step was calculation of the Hysteresis Error as measured and determined at
100% Full Scale by taking the previously determined Hysteresis from box 10 of Figure
A12 and dividing by Full Scale Sensitivity (in volts) from box 6 of Figure A12 then
multiplying by 100% to represent the data as a percentage of Full Scale. This is
mathematically simply expressed as:

HYSTERESIS ERROR (PERCENT OF FS) = (BOX 10/ BOX 6) X 100%

This value in percent of full Scale was recorded on the representative form shown as
Figure A12, box 11.

2G.5.2 DIFFERENTIAL PRESSURE TRANSMITTER (e.g. PD 3200) FUNCTIONAL
' ~ TESTING

This description is representative of the testing for all the differential pressure transmitter units.
The basis for differential transmitter qualification is the PD 3200 unit which used the test circuit
of Figure A13. The PD 3200 unit (as well as PG 3200 units) which went~through LOCA “A” form
the basis of the Gulton-Statham Pressure Series qualification. ©

However, for completeness, the actual test circuits used for the* stmg of the

PD 3218 unit is shown in Figure A15. As previously descrlbeg/lr} the description for the PD
3218 units, this series of transmitters are qualified by smﬂ&\n\%y*analy&s Since some physical
changes from the PD 3200 series exists, the validation that’'the physical change will not
degrade transmitter function is supported by actual, yerjysevere, Seismic Withstand Testing
described in NTS testing in reports of Section G. @

Figure A15 for the PD 3218 Series, shows the(éapnlary and paddie system used for this series -
of transmitters. Note that the illustration sho%égthe small junction box used only for this
transmitter series during type testing, h@ used Neoprene gaskets in lieu of Viton [] Grings
found in all other junction boxes as weII\aS\PVC lead wire in lieu of Kapton [] used in other
transmitters. The anomalies with-this transmntter with the Neoprene/PVC combination are
dispositioned in Section 2K dem%n)stratlng that the PD/PDH 3218 units remain qualified with use
of the Viton™/Kapton™ combination found in the successfully tested units. Section F illustrates
the changes that precluded Useof Neoprene in the units shipped for nuclear safety-related
service as well as th(@p@used to appropriately preclude PVC use.

The following is the tes\bprocess for the PD 3200 Series Transmitters used to demonstrate
qualification:
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Set-up per Figure A13 was assured. Vent Valve (Valve 2 for PD 3200 test set-up) was
opened and pressure source valve (Valve 1 for PD 3200 test set-up) was closed such
that no process or input pressure was provided to the transmitter high pressure port
which is the 0% pressure input. The low pressure port is vented. The voltage drop
across the precision 250 ohm resistor (R.) was recorded, which was directly proportional
to the signal current by reading the value to three (3) decimal places from the digital
voltmeter (DVM). This was recorded on the representative form shown as Figure A12,
box 1, as transmitter output in volts as the 0% FS pressure input.

With the vent pressure source at minimum pressure, the pressure source valve of Figure
'A13 (Valve 1 for PD 3200 test set-up) was opened and vent valve closed (Valve 2 for PD
3200 test set-up) and the pressure source slowly increased in pressure and stopped at
50% (with care taken not to overshoot the 50% point to negatively impact hysteresis
determination) of full scale range (i.e. mid-span). The voltage drop across the precision
250 ohm resistor (R.) was recorded, which was directly proportional to the signal current
" by reading the value to three (3) decimal places from the digital voltmeter (DVM). This
was recorded on the representative form shown as Figure A12, boX\2, as transmitter
output in volts as the 50% FS pressure input. o\ N
The next step was to increase the pressure source slowly g&r)@ stop at 100% (with care
taken not to overshoot the 100% point). The voltage drgg\across the precision 250 ohm
resistor (R.) was recorded, which was directly proport\lonal to the signal current by
reading the value to three (3) decimal places from the‘dlgltal voltmeter (DVM). This was
recorded on the representative form shown asskigure A12, box 3, as transmitter output in
volts as the 100% FS pressure input. @

The next step was to decrease the pressu e source sIowa and stop at 50% (with care

taken not to overshoot or go beyond’the 50% ponnt to negatively impact hysteresis

determination). The voltage drop/ac across the precision 250 ohm resistor (R.) was

recorded, which was directly proportional to the signal current by reading the value to

three (3) decimal places fromathe digital voltmeter (DVM). This was recorded on the

representative form show/ n/as Flgure A12, box 4, as transmitter output in volts as the
50% FS pressure input &x

The next step was\@ecrease the pressure source slowly to 0% and open the Vent

~ Valve (Valve 2§or=RD 3200 test set-up) and close the Pressure Source Valve (Valve 1 for
PD 3200 test set:up), such that no process or input pressure is provided to the
transmitter which is the 0% pressure input. The voltage drop across the precision 250
ohm resistor (R.) was recorded, which was directly proportional to the signal current by
reading the value to three (3) decimal places from the digital voltmeter (DVM). This was
recorded on the representative form shown as Figure A12, box 5, as transmitter output in
volts as the 0% FS pressure input.

The next step was to calculate the Full Scale Sensitivity by taking the Transmitter O'utput
at full scale (100%) from box 3 of Figure A12 and subtracting the Transmitter Output at
zero input (0%) from box 1 of Figure A12. This is mathematically simply expressed as:

FULL SCALE SENSITIVITY = BOX 3 -BOX 1
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This value in volts was recorded on the representative form shown as Figure A12,
box 6. .

The next step was calculation of the Ideal Line Range Mid-Point Value by taking the
Transmitter Full Scale Sensitivity Value from box 6 of Figure A12 and dividing by 2, then
adding the Transmitter Output at 0% of process input from Box 1 of Figure A12. Thisis
mathematically simply expressed as: '

IDEAL LINE MID-POINT = (BOX 6/ 2) + BOX 1

This value in volts was recorded on the representative form shown as Figure A12,
box 7.

The next step was calculation of the Non-Linearity by taking the Transmitter Output (in
volts) at 50% process input from box 2 of Figure A12 and subtracting the Transmitter-
determined Ideal Line Range Mid-Point Value from the previous step from box 7 of Figure
A12. This is mathematically simply expressed as:

NON-LINEARITY = BOX 2 -BOX 7 ©
A{Q%

This value in volts was recorded on the representatlvgzjorm shown as Figure A12,
box 8.

The next step was calculatlon of the Linearity En%r as measured and determined at
100% Full Scale by taking the prewously determlned Non-Linearity from box 8 of Figure
A12 and dividing by full Scale Sensntlwty (ln volts) from box 6 of Figure A12, then
multiplying by 100% to represent th&datgas a percentage of Full Scale. This is
mathematically simply expressed asy _

Q
LINEARITY ERROR (PERCEN@OF FS) = (BOX 8/ BOX 6) X.100%

This value in percent of - F/UIDScaIe was recorded on the representative form shown as
Figure A12, box 9. Z

The next step was@culatlon of the Hysteresis by taking the Transmitter output (in volts)
at the second ‘determined value of 50% process (approached from the 100% or Full
Scale input end I"Shown (or from) box 4 of Figure A12 and subtracting the Transmitter
Output (in volts) at the first determined value of 50% process (approached from the 0% of
Full Scale input), from box 2 of Figure A12. This is mathematically simply expressed as:

HYSTERESIS = BOX 4 - BOX 2

This value in volts was recorded on the representative form shown as Figure A12,
box 10.

The next step was calculation of the Hysteresis Error as measured and determined at
100% Full Scale by taking the previously determined Hysteresis from box 10 of Figure
A12 and-dividing by Full Scale Sensitivity (in volts) from box 6 of Figure A12, then
multiplying by 100% to represent the data as a percentage of Full Scale. ThIS is
mathematically simply expressed as:
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HYSTERESIS ERROR (PERCENT OF FS) = (BOX 10/ BOX 6) X 100%

This value in-percent of Full Scale was recorded on the representatlve form shown as
Figure A12, box 11.

2G.5.3 TEST BASIS AND ADDITIONAL DISCUSSION

The above tests were first performed as a baseline (as well as additional data-gathering for
Engineering research information, such as load effects testing as described in Section 2J), to
verify the unit are well within the Specification limits. The Gulton-Statham requirement is an
accuracy equal to or less than 0.25% accuracy as a percentage of span. This is a more
conservative level of acceptability than comparison to the test circuit absolute voltage drop
corresponding to the full scale value or upper range limit (using maximum span or upper range
value less the lower range value or 20 mA - 4 mA is only 16 mA or 4 volts drop through a 250
ohm resistor equivalent in lieu of the upper range limit absolute value of 20 mA or 5 volts drop
. through a 250 ohm resistor equivalent).

2G.6 DETERMINATION OF ENVIRONMENTAL, VIBRATION{ND SEISMIC
EXPOSURE %

The maximum transmitter change in accuracy (known in the standards as, “error,
environmental*”), due to the influence of the Environmental, Vlbratlon and Seismic Exposure, is
defined as the greatest deviation of any of the five (5 ata\pomts from their initial or baseline
value prior to the start of each Environmental, Vlbratlen\and Seismic Exposure.

The maximum transmitter change in accuracy o \i)rror environmental” due to the influence of
the Environmental, Vibration, and Seismic exposure is expressed by Gulton-Statham as a
percent of full load or Upper Range Limit (URL)‘and includes Linearity and Hysteresis errors.

A

N\

*Error, Environmental is defined (Refe;emﬁe@‘)fas, “Error caused by a change in a specified operating condition
from reference-operating conditions.* <S/ee “Operating Influence.” QOperating Influence is defined (Reference 8) as,
“The change in a performance characteristic caused by a change in a specified operating condition from reference

. o RN il e . e
operation condition, all other COﬂthlOQ}S being held within the limits of reference-operating conditions.

NOTE: The specified operéti@onditions are usually the limits of the normal operating conditions.
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Use of the Upper Range Limit or Full Scale Value is the appropriate method of expressing the
accuracy consequences of the environmental influences, which is the basis of NRC research-
into transmitter behavior. As stated in NUREG/CR-3863, “Assessment of Class 1E Pressure
Transmitter Response When Subjected to Harsh Environment Screening Tests” (Reference 44)
Paragraph 6.3.5, “Comment on Error Calculation Method.”

“The method used for calculating error percentage has a dramatic effect on the
shape of the functional test error curves. The data and curves presented in this
report show error as a percentage of full scale (FS) readings. This is the same basis
used by transmitter manufacturers for specifying transmitter performance. Specifying
error by this method allows constant amount of actual error over the instrument’s
calibrated range.” _ : :

At Gulton-Statham, this maximum transmitter change in accuracy is appropriately and
conservatively calculated by dividing the maximum output change, in volts, by the voltage value
corresponding to Span or 4 volts nominal for the Full Scale Sensitivity. As described in the
previous procedures (e.g. Paragraph 2G.5.1), the maximum span value{(Full Scale Sensitivity)
is determined for each transmitter. o @\

9

2G.7 TRANSMITTER SAFETY SIGNIFICANT FUNCTI@AL PERFORMANCE :

The performance data reported herein is for the full type%runits forming the basis of

qualification. All test results for the functional testingfef\\\all units is available at Gulton-Statham.

K@XW |

2G.7.1 BASELINE FUNCTIONAL PERFO\@\/IIKNCE

<
The baseline functional performance* fo,r@évaccuracy, use as a reference or baseline for
. . .\ . . . .
changes due to environmental impactithroéghout qualification was as follows for units going
through complete qualification @.ﬁbrough Section B HELB defined exposure, including

“LOCA A"):
&

*Based on RSS calculation method, with 0.1% accuracy of Heise Pressure-Standard Instrument, the worst
case acceptance measurement is below 0.25% (_(0.225%)? + (0.1%)? = 0.246%)
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PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) +0.25% - XXXXX

PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE

(EXPRESSED AS PERCENT OF SPAN) +0.25% XXXXX

PG 3200-200 XXXXX

ACCURACY (Calibrated at 200"H,0) SPECIFICATION MEASURED VALUE

(EXPRESSED AS PERCENT OF SPAN) +0.25% XXXXX

PG 3200-200 XXXXX ©©

ACCURACY (Calibrated at 200"H,0) SPECIFICATION @‘MEASURED VALUE

(

(EXPRESSED AS PERCENT OF SPAN) £025% Q/“ XXXXX
N

The transmitters were within Specification requnremen.ts«.

2G.7.2 QUALIFIED LIFE* (AGING) SIMULATION EXPOSURE FUNCTIONAL
PERFORMANCE N
&

The functional performance for the crltlcalg(euahf cation parameter (i.e. accuracy) was monitored
during the Thermal Aging (i.e. 221°F exposbre for 16.25 days as described in Section D,
subsection DA, “Aging”. In addl/’ggn? the3c\§cllcal exposure (pneumatic cycling for 1000 cycles
as described in Section D, subsectlon>DA ‘Aging”) was done during thermal exposure. The
value during thermal aging (i.e. 22\1 F) is for information only, as it does not reflect the accuracy
during normal operation priof t%the onset of design-basis accident conditions. Qualified Life
(Thermal Aging and CycllcaI\Aglng) has a criterion of Maximum Inaccuracy (accuracy)
XXXXXXXXXXXXXX{(X\X>>(XXXXXXXXXXXXXXXXXXXXXXXXXX as shown in Tables A9 and
A10. The results were-as follows:

*Qualified Life is defined (Reference 3) as, The period of time, prior to the start of a design basis event, for which
equipment was demonstrated to meet the design requirements for the specified service conditions.

NOTE: Atthe end of the qualified life, the equipment shall be capable of performing the safety function(s)
required for the postulated design basis and post-design basis events.” Qualified Life includes both radiation and

_cyclic exposure. However, it is generally or commonly associated with thermal aging to simulate calendar time;
especially due to the irradiation exposure almost always enveloping a full 40-year typical nuclear plant license
duration as it does for the Gulton-Statham transmitters.
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PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) XXX
DURING (221°F EXPOSURE) © +1.125%
IMMEDIATELY AFTER AGING XXXXX
PG 3200-100 XXXXX
ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) : : XXXXX
DURING (221°F EXPOSURE) +1.125% :
IMMEDIATELY AFTER AGING XXXXX

During the measurements, the deviations from the baseline or before@posure values (the
previously defined Error, Environmental), were taken such that th&otal inaccuracy (expressed
as accuracy) based on use of the actual baseline performance~$alﬁé are added to the data
taken by Gulton-Statham above. ¥

9,9,9,0,9,0,9,9,9,0,9,9,0.0,9.9.9.0.0.0,0.9.9.9.9.9.0,0.0.9.0.0.9.0.9, 9000 00.0.0.0,0.0.0.0.0.0.0.0.0.0.0.9.0.0.0,0.9.0
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX){XXXXXXXXXXXXXXXXXXXXXXXX

O

o D
PD 3200200 XXXXX
O
ACCURACY (Calibrated at 200"H,0) @ SPECIFICATION MEASURED VALUE
) S
(EXPRESSED AS PERCENT OF SRAN & YXXXX
DURING (221°F EXPOSURE % +1.250%
IMMEDIATELY AFTER AGINGy XXXXX
&) - PD 3200-200 XXXXX
ACCURACY (Callbrated at 200"H,0) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) XXX
DURING (221°F EXPOSURE) . +1.250%
IMMEDIATELY AFTER AGING XXAXX
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During the measurements the deV|at|ons from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual baseline performance value, are added to the data
taken by Gulton-Statham above.

1 9,.9,0,0,0,0.0.9,.9.9,0,.0.0.9.0.9.0.9.0.9.9.9,0,.9.09.0,9,0.0.9.99,0,0,0.0.699.00.0.0090.0,000900.00099900.04
) 9,0,0,0.0.0.0.0.0.0,.0.0.0,0.0.0.0.0.0.0,0,0,0.0.00,0,0,0.0.00.0,.0.0.0000.0,009600,00000000.000900,0

Note that the combination of cycling at temperature and performance of an accuracy check at
the thermal oven exposure temperature, is conservative as the transmitters will (for their
qualified life period), normally be at normal ambient (perhaps 40°F-120°F, dependent on the
plant and specific location). In addition, for the equivalent time period (ten or more years as
described in Section D, Subsection DA, “Aging”), the transmitters were not recalibrated at all.

The transmitters were within specification requirements.

2G.7.3 RADIATION EXPOSURE* (AGING AND ACCIDENT) SIMULATION EXPOSURE
FUNCTIONAL PERFORMANCE _ 0\(@\

The functional performance for the critical qualification paramete”r(fi/"e accuracy) was monitored

during the radiation exposure which included the full |rrad|at|on//e/xposure to simulate 40 or more

~ years of expected exposure normally and a post- acadent\quallﬂcatlon exposure In addition,

the exposure was at a dose rate initially higher than the%mdustry norm** of a Megarad an hour to

&
\
Q&

*Qualified Life is defined (Reference 3\@ The perlod of time, prior to the start of a design basis event, for which .
equipment was demonstrated to meet the deS|gn requirements for the specified service conditions.
o

NOTE: Atthe end of the quahﬂe@e the equipment shall be capable of performing the safety function(s)

required for the postulated desr\g\@/basns and post-design basis events.” Qualified Life includes both radiation and

cyclic exposure. However, |t\|s\generally or commonly associated with thermal aging to simulate calendar time;
=

especially due to the irradiation exposure almost always enveloplng a full 40-year typical nuclear plant license

duration as it does for the Guilton-Statham transmitters.

**The dose rate requirements are not contained in detail in either the 1974 or 1983 versions of |IEEE 323
(References 2 and 3). However, the dose rate has been limited by the defacto mlsmterpretatlon of IEEE 383
(Reference 23, Paragraph 2.3.3.3) for cables that limit the dose rate to “Not greater than 1 X 10° rd per hour.”
Actually, the NRC staff position of USNRC Regulatory Guide 1.89, Revision 1 (Reference 18) position C.2.C.5is
the correct technical requirement adhered to by Gulton-Statham when it takes the position that, “Electric equipment
that could be exposed to radiation should be environmentally qualified to a radiation dose that simulates the
calculated radiation environment (normal and accident) that the equipment should withstand prior to completion of
its required safety functions.”
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Electronics are known to have a transient effect as a consequence of dose rate such that the _‘
Gulton-Statham exposure of up to four (4) Megarads per hour for initial exposure (similar to and
enveloping actual worst case, real nuclear accidents as described in Section D, Subsection DR),

is both prudent and conservative, especially for outside containment areas.

As explained in Section D, Subsection DR, a total integrated dose of 20 Megarads is generally
acceptable and reasonable value, even for in-containment locations at both old and new plants
by the NRC [values that exist up to an order of magnitude greater are derived from very
conservative |IEEE guidance in various standards (e.g. IEEE 383-1974, Reference 23 - total of
- Paragraphs 2.3.3.3 and 2.4.2), has 200 Megarads].

Radiation has a criterion of maximum inaccuracy (accuracy) for two levels of integrated dose as
follows:

RADIATION (33 MRADS T.I.D.) MAXIMUM INACCURACY (ACCURACY) OF 3% O‘F UPPER RANGE LIMIT
{NOMINAL * 10%) A\
=N\ " ’
RADIATION (55 MRADS T.I.D.) MAXIMUM INACCURACY (ACCURACY) OF 5/5%\UPPER RANGE LIMIT
(NOMINAL % 10%) ‘ AN ‘
| D
The results were as follows: o \
: : PG 3200-100 (S/N C4864) @ ’
ACCURACY (Calibrated at 100 psig) SPECIFIQ(\TION
(EXPRESSED AS PERCENT OF SPAN) . *5.5%FOR 55 MRADS T.I.D.
N )
SRl
DOSE RATE MRAD/HR T.1D*DOSE MEASURED VALUE
. B~ )\\9 .
212 (Q\\(g?zs XXXXX
2.12 ‘Q\ 17.56 XXXXX
212 % @) N 2708 CXXXXX
0.00* @ b 28.34 XXXXX
2.1%\\\& » ) 42.26 XXXXX
N &:sz\ : 43.43 XXXXX
\\\‘.’/
=000t 44.70 XXXXX
N 212 48.17 XXXXX
212 4958 XXXXX
2.12 53.40 XXXXX
o212 55.03 XXXXX
0.00 55.28 : XXXXX

*Radiation field was down during this measurement of inaccuracy.
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During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy), based on use of the actual baseline performance value are added to the data
taken by Gulton-Statham above.

) 9.9.9.9.9.9.0.9.0.9.9.0.9.0,0,9,.9,0,0,0,.9,9.0.9.0,0.9.0.0.0.0.9.0.0 000 9.90.0.9.0.9.9.0.0.9.0:0.9.0.9.0.9.9.0.9.9.9.0.0.0 4
10,0,9,0.9.0.9.9.0.0.0.0.0.0.0.0000¢0909090909000900000008 LRl nctlonal performance was well
within requirements.

PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig). SPECIFICATION
(EXPRESSED AS PERCENT OF SPAN) . £3%FOR 33 MRADS T.1.D.
DOSE RATE MRAD/HR . T.iD.DOSE MEASURED VALUE
3.10 1.19 XXXXX
: /r\
212 7.85 XXX
, A D
0.00* : 16.75 Cxxxxx
122 28.94 | XXXXX
| \@
0.00 3374 . X A XXXXX

N

During the measurements, the deviations from th\ez @aseline or before exposure values (the
previously defined Error, Environmental), were” taken such that the total inaccuracy (expressed
as accuracy), based on use of the actual baselme performance value are added to the data
taken by Gulton-Statham above. Q

)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

&l
The functional performance«v/@s well within requirements.

§©

*Radiation field was down during this measurement of inaccuracy.
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PD 3200-200 XXXXX

ACCURACY (Calibrated at 40" H,0) SPECIFICATION

(EXPRESSED AS PERCENT OF SPAN) * 3% FOR 33 MRADS T.1.D.
DOSE RATE MRAD/HR T..D. DOSE MEPSURED " :f;gk’hzfgm
4.40 ) 2.56 XXXXX XXXXX
4.40 ’ 8.21 . XXXXX XXXXX
2.03 11.67 XXXXX XXXXX
203 2217 | KAXXX XXX
125 23.45 O XXXXX XXXXX
1.25 33.83 XXXXX XXXXX
0.00* 34.90 XXXXX ‘ ;\){)/(\’{)\(X
O\U
During the measurements, the deviations from the baseline or/ngfore exposure values (the

previously defined Error, Environmental), were taken such thé(tf/the total inaccuracy (expressed

as accuracy) based on use of the actual baseline performan\ce value, are added to the data
taken by Gulton-Statham above.

A\

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX X)<(()‘(/ XXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXX)gX@\u XXXXX
These values were derived from the mlnjs :\%malues (which had an amplification of 5) found in
the original PER1006 report, Table 6- 5A\and corrected to the common full scale span reference

(which had an amplification of 1). &

\><%>Q

The functional performance was&well within requirements.

&

*Radiation field was down during this measurement of inaccuracy.
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PD 3200-100 XXXXX

ACCURACY (Calibrated at 40" HZO)‘ _ SPECIFICATION
(EXPRESSED AS PERCENT OF SPAN) + 5.5% FOR 55 MRADS T.1.D.
DOSE RATE _ MEASURED CALCULATED
MRAD/HR T..D. DOSE VALUE MAX SPAN ERROR
4.40 2.27 : XXXXX XXXXX
4.40 8.14 XXXXX XXXXX
2.03 9.51 XXXXX XXXXX
2.03 27.56 XXXXX XXXXX
2.03 30.17 XXXXX . XXXXX
AN
2.03 38.39 XXXXX KKK
) ) o (Y™
2.03 43.64 XXXXX NN xxxx
v/n ¢
2.03 C 5017 oo
On >
2.03 52.20 xxxxx\ XXXXX
2.03 54,27 XXXXX XXXXX
%\ -
2.03 55.15 XXXXX XXXXX
& ‘% '

0.00* 5.52

52 Oﬂ 57 XXXXX XXXXX

&\\7
During the measurements, the dev1atnon§f>om the baseline or before exposure values (the
previously defined Error, Enwronmental) were taken such that the total inaccuracy (expressed

‘as accuracy) based on use of the@mtual baseline performance value, are added to the data
taken by Gulton-Statham abov\e{

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXMXX\§XXXXXXXXXXXXXXXXXXX

These values were derived from the min span values (which had an amplification of 5) found in
the original PER1006 Report, Table 6-5C and corrected to the common fuII scale span
reference (which had an amplification of 1).

The functional performance was well within requirements.

*Radiation field was used during this measurement of inaccuracy.
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) 9:9,0,0,0.9.0.9.0.0,0.0.0.9.9.9.0,.9,0.0.9.9.0.0,0,.0.9.9.0.9.9.0.999.0.9.9.0990.0.900000000009090000 0
1. 9,9,:9.9.9,0.9.9.9,0,.0.9,0,.0.0.9.9.0.9.0,.9.0.9.9,0.0.9.0.09,0,:0.9.0.0.00 0.9.00.0.0.00.0.0090.0090000000000¢
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
) 9.9.9.0.0.0.00.0.909.9.9 0906000 CEN

2G.7.4 STEAM RELIEF VALVE (SRV) VIBRATION SIMULATION EXPOSURE*
FUNCTIONAL PERFORMANCE
SRV Vibration exposure is a rather severe vibration to simulate the V|brat|on ant|C|pated due to
the dynamic loads associated with steam relief valve discharge and hydrodynamic loads.
Significant concern for this phenomena only exists in BWRs and is very location-dependent (the
Gulton-Statham transmitters are unlikely to be exposed to the vibratory forces for which it was
tested). The requirement was that transmitters be exposed for fifteen (15) minutes in each of
two (2) biaxial horizontal axis orientations and simultaneously with the vertical axis to the severe
exposure represented by Figure B3, “Vibration Withstand Requirements Definition and Typical
Actual Spectrum Tested for Steam Relief Valve (SRV) Discharge, RRS for SRV Aging**” The
biaxial axis used for vibratory exposure is defined in Section B, Figure B4 and Figure 1, “Axes -
Definition for SRV Aging and Seismic Testing,” found in Report 528- 099<1\\(Sect|on C, Reference
9) page 17 (complete report found in Section G.1). The exposure requwement at a conservative
5% damping and vibratory motion to 100 Hertz with peak g valuesfabove 69 is rather severe.
Actual data from the exposure clearly indicates exposure Ievels%elpover 10g’s for a very broad
frequency band. This is found in Section B, Figure B3. @

SRV Vibrétion Aging has a criterion of Maximum Inaccuracy‘(accuracy) of 2% of Upper Range
Limit. The results were as follows:
PG 3200- 100~XXXXX

ACCURACY (Callbrated at 100 psig) ‘SPECIF ICATION
(EXPRESSED AS PERCENT OF SPAN) <> 0 2%
AFTER SRV EXPOSURE, AXIS MEASURED VALUE

YZ

XY @Q
During the measurements, the devnatlons from the baseline or before exposure values (the
previously defined Error, Envuronmental) were taken such that the total inaccuracy (expressed
as accuracy) based on use. gt the actual baseline performance value, are added to the data
taken by Guiton- Statham (above

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXX The functional performance was well within requirements.

*Qualified Life is defined (Reference 3) as, the period of time, prior to the start of design basis event, for which equipment was
demonstrated to meet the design requirements for the specified service conditions. NOTE: At the end of the qualified life, the
equipment shall be capable of performing the safety function(s) required for postulated design basis and post-design basis
events.” Qualified Life includes both radiation-and eyclic exposure. However, it is generally or commonly associated with
thermal aging to simulate calendar time; especially due to the irradiation exposure almost always enveloplng a full 40-year
typical nuclear plant license duration as it does for the Gulton-Statham Transmitters.

**The Required Response Spectrum for SRV Aging is shown in the NTS Report (528-0994 in Section G.1 NTS page 19) as
Figure 3, “Required Response Spectrum.” ‘
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PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig) SPECIFICATION
(EXPRESSED AS PERCENT OF SPAN) £2%
AFTER SRV EXPOSURE, AXIS MEASURED VALUE
Yz ‘ XXXXX
XY XXXXX

During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual baseline performance value, are added to the data
taken by Gulton-Statham above.

XOOKKIIIIIIX XXX IIIKIKKK KKK KIKIKRIIIIIIKIIIIIIIKIIHKIKIKKIKKIKKXKK
0.9,.9,0,:9,9.9.0.9,0,0,0.9.9.9.0,0,0.9.9.9,0,0.0.0.9,.9.0.9,0.0.0.9.0,.0,.0.0.0 9,090,600 ¢ Q

The functional performance was well within requirements. @
| %X
PD 3200-200 xxxxx%
- ACCURACY (Calibrated at 40" H,0) SPEClFlCATlON
(EXPRESSED AS PERCENT OF SPAN) @4-2%
AFTER SRV EXPOSURE, AXIS MEASURED@LUE CALCULATED MAX SPAN ERROR
XY XXXXX
YZ XXXXX

During the measurements, the d@atlons from the baseline or before exposure values (the
previously defined Error, Env1ronmental) were taken such that the total inaccuracy (expressed
as accuracy) based on use of | the actual baseline performance value, are added to the data
taken by Gulton-Statham @ve

The worst case valueisﬁhe worst case deviation above
) 0.0.00.0.0.0.000.00.000000000000000000000000000000000000000000600060060 ¢

These values were derived from the min span values (which had an amplification of 5) found in
the original PER 1006 Report, Tables 6-9 and corrected to the common full scale span
reference (which had an amplification of 1).

The functional performance was well within requirements.

*The data is recorded by data logger at O pressure after YZ Axes and SRV Exposure.
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PD 3200-200 XXXXX

ACCURACY (Calibrated at 40" H,0) SPECIFICATION

(EXPRESSED AS PERCENT OF SPAN) 2%
AFTER SRV EXPOSURE, AXIS MEASURED VALUE CALCULATED MAX
SPAN ERROR
XY | XXXXX XXXXX
Yz XXXXX XXXXX

$,.9,9,9,9,0,0,.0.9.0.0.0.0.9,0,.0.9,0.0.0.9.0.9,0,.9.0.0,0.0.0.9.9.9.9.9,.0.0.0.0.0.0.0.09.9900.0000909000060000
) 0.0,9.0.9.9.9.9.9.0.0.9.9,0.0.0,0,0,0,9,9,9,0.0,0,9,9,0.0.0,.0,.0.0.0.0.0.0.0.9.0.0.9.0.0.9.0.0,0.9,9,0.9.9.9.9,9,9,9.9.4

1. 9.9.0,.9,:9.9.0.9.0,.9,:9.9.9.0.0.0.9.9.99.0.0,0.9.9.9.0.0,0.9.0.9.9.0.0.:9.0.9.0.0.0.0.0.$.0 9909009009000 00004
1 0,0.9.0.0.9.0.9,0.9,0.9.9,9,0.9.9.9,9,0.0.0.0.9.9.9.9.0.0.0.0.6.0.0.00.0¢9.9.9.0.0.0.9.0.9,0,9.9.9.9.9.9.0.0.9.9.9.0.0.0.4
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
) 9,.9.0,9,:9.9.0.9.0,0,:0,0.9.9.0.0,0,.9.9.9.0.9.0,0,.0.0.99,0.0.4 ©\

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXKXXKXXXXXXXXAKXX Q@\%

*The data is recorded by data logger at 0 pressure recorded after YZ Axes SRV Exposure.
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2H SEISMIC WITHSTAND TESTING EXPOSURE* FUNCTION PERFORMANCE

Seismic Withstand Testing was in accord with IEEE 344 requirements (as described in Section
1.C.2. The requirements for testing are technically the same for the |EEE 344-1975 and |EEE
344-1987 standard). Included was Resonance Survey performance as described in the NTS
Report, Section G.1, NTS Paragraph 5.3.3.2, with Figures 9 and 10 and photographs 5, 6, and 7
showing the set-ups. No resonance below 10 Hertz was found.

Note: If qualification for Seisnﬁic Withstand is by test, as is the case for this qualification, the
Resonance Search primarily performed to establish whether static or dynamic analysis
should be used, is unnecessary™*

Consequently, the performance of a vibratory exposure for resonance determination is
conservative.

The Operating Basis Earthquake (OBE) and Safe Shutdown Earthquake (SSE) testing was -
performed to the very severe profiles shown by Figures B2A and B2B Selsmlc Withstand
Requirements Definition, and Typical Actual Spectrum Tested, RRS f6ROBE and SSE™**. This
exposure requirement at a conservative 5% damping and V|brator<yamohon peak values of 7.5 .
and 15g (ZPA**** values of 4g and 6g) respectively, for OBE and SSE. Actual data from the
exposure clearly indicates exposure levels of peak exposures’(ar}d ZPA equivalents) of 10g to

20g’s or greater, for a very broad frequency band in Appe%:éé C and D of the NTS Report
2H.1 SEISMIC TESTING - GENERAL COMMEN:T:S ON CONSERVATISM

The test levels, methods, durations, in this quallﬁc\eltlon effort are considered very conservative,
as they exceed the general guidance of the>|ndustry standard IEEE 344 (both 1975 and 1987) in

the following regards: &\
Actual earthquake strong motlon\ls\\lO to 15 seconds, while the Gulton-Statham

requirement is twice this duratlon/ or thirty (30) seconds (actual exposure to facilitate
accuracy measurements@Qs a approximately forty (40) seconds).

&
. There is no known;\ﬁgl\catlon with seismic levels in a nuclear plant approaching the
demonstrated Gultan; )Statham qualification levels.

N\

g

S
*Designated as Seismic Proof Testing in NTS Report (528-0994, Section G.1, NTS Paragraph 5.3)

**Refer to Reference 4 (Paragraph 6.13) or Reference 5 (Paragraph 7.1 4).

*** The Required Response Spectrum for OBE and SSE is shown in the NTS Report (528—0994 Section G.1, NTS
page 20) as Figure 4, “Required Response Spectrum.”

»++Zaro Period Acceleration, as defined in Reference 5 is, “The acceleration level of the high frequency, non-
amplified portion of the response spectrum. This acceleration corresponds to the maximum peak acceleration of
the time history used to derive the spectrum.”
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*  To simulate all pofential operating modes, and include different mounting brackets, PD 3200
transmitters were exposed to two sets of resonant, OBE, and SSE exposures as described
in NTS Change of Procedure No. 7 and NTS Report Table I1*.

«  Gulton-Statham utilized 5% for damping in testing (for Test Response Spectra) in lieu of
less severe, 1, 2, or 3% damping allowed by other requirements (e.g. USNRC Regulatory
Guide 1.61**, or typical plant seismic response curves), in Required Response Spectra.

«  Seismic excitation is conducted biaxially. Each horizontal axis is excited separately, but
~simultaneously with the vertical axis. The independent signal sources for the horizontal and
vertical axis provide random phasing of input motion. The biaxial axis used for vibratory
exposure is defined in Section B, Figure B4 “Axes Definition for SRV Aging and Seismic
Testing” and Figure 1 found in Report 528-0994 (Section C, Reference 9) page 17
(complete report found in Section G.1).

The transmitters are installed in a test fixture and rigidly bolted to the biaxial seismic
simulator. The fixture is rotated ninety degrees (90°) about its vertlce\nl\ams on completion of
the testing in the initial axis configuration.. The vibratory motion for tﬁls method of
qualification meets the IEEE 344 requirements and the total d(g;atuon of vibration with this
method of testing is far more exposure than the actual earth%Jake exposure.
%
2H.2 ACTUAL ACCURACY RESULTS FOR TRA&S(I\%)?I'TER ACCURACY RELATING
TO SEISMIC QUALIFICATION -~

The response to seismic simulation for the d|ﬁere[(\‘9e(i§pressure and gage pressure units are
different due to the physical orientation of the straln -dage beam versus the diaphragm sensor
and impulse sensor lines. As shown in cross- sgyctlon (Figures A1 and A5), the differential
pressure units (i.e. PD, PDH, and DR transmltters) can have additional mass adding to the
process pressures in a manner greater thar\)\the PG units. The undamped, very fast response
Gulton-Statham Differential Pressure U\nltS\(30 millisecond response time), will respond during
seismic simulation at a level mu(ch\greater than a damped unit. The worst case inaccuracy
during seismic events should not»be a problem in most applications. Should a problem exist, a
damped unit can be confgugid\and verlfed for much less inaccuracy during seismic events.

- The OBE and SSE vrbra{@as a criterion of Maximum Inaccuracy (accuracy) of XXX of Upper
Range Limit, post-evertand XXX during the event. The biaxial axis used for vibratory exposure
is deflned in Figure B4\3Axes Definition for SRV Aglng and Seismic Testmg

*NTS Report (528-0994), Section G.1, NTS COP 7) and Table Il, NTS Report (528-0994, Section G.1,
NTS page 16.

**Reference 24
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2H.21 SEISMIC RESPONSE FOR PG 3200 PRESSURE TRANSMITTERS |

The results for the PG 3200 Transmitters was as follows:
PG 3200-100 XXXXX

ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE
~ (EXPRESSED AS PERCENT OF SPAN) '
AFTER SSE & OBE EXPOSURE XXX% POST-EVENT XXXXX

(WORST CASE)
(EXPRESSED AS PERCENT OF SPAN) XXX% DURING EVENT SEE TABLE

DURING SSE, AXIS ELAPSED TIME, SEC MEASURED VALUE
XY , 4 XXXXX
XY 9 XXXXX
XY 13 . “XXXXX

A
<
XY 18 x}xx~x3(§V
o i N
: NN N2/
XY ' 22 XXXX
o )
XY ' 26 N\ oo
] AN @n
N/
XY 31 %Q\ XXXXX
XY 35 Q XXXXX
N
XY . 40 N XXXXX
. _ [\ m
oA
YZ 4
) o @ A XXXXX
,/‘ g
74 CK 9 XXXXX
22 :
4 m\-) 13 XXXXX
. A%
4 =/
YZ @ \ 18 XXX
Yz f& 22 XXXXX
A
S
Yz _ 27 XXXXX
N
AN\
@.z\/ 31 _ XXXXX
AN
Yz 36 XXXXX
YZ 40 XXXXX

During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual baseline performance value, are added to the data
taken by Gulton- Statham above.

The worst case value is the worst case deviation above

) 9,.9.9.9.9.9.0.9.9.9.9.9.0.0.0.9.9.9.090.0.0.999000900009900000900000090000090000000004
XXXXXXX.

PAGE A-49



PG 3200-100 XXXXX-

25402-011-V1C-JQ08-00001-001

ACCURACY (Calibrated at 100 psig) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) . "
AFTER SSE & OBE EXPOSURE XXX% POST-EVENT XXXX%
(WORST CASE)
(EXPRESSED AS PERCENT OF SPAN) XXX% DURING EVENT SEE TABLE
DURING SSE, AXIS ELAPSED TIME, SEC MEASURED VALUE
XY 4 XXXXX
XY ' 9 XXXXX
XY 13 ©XXXXX
XY . 18 XXXXX
XY 2 . XXXXX
. . X
XY _ 26 xx—x-)q(\x§\3_
o (N
XY 31 @\20\&/)&
XY 35 < Qxxxxx
A '@0
XY 40 N &\V XXXXX
Yz | 4 0\\ XXXXX
vz 9 m XXXXX
Yz | . ((/}n XXXXX
Yz \18 XXXXX
Yz f\\\\% 22 XXXXX
YZ @‘ &\\'J/ 27 XXXXX
vz y% 31 XXXXX
S
Y23 36 XXXXX
@Wﬂ . 40 XXXXX
S

During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual basellne performance value, are added to the data -
taken by Gulton-Statham above.

. The worst case value is the worst case deviation above
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-
XXXX

The functional performance was well within requirements for the PG units.
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SEISMIC REéPONSE FOR PD 3200 PRESSURE fTRANSMI'I_'TERS

The results for the PD 3200 Pressure Transmitters were as follows:

(WORST CASE)

PD 3200-200 XXXXX

ACCURACY (Calibrated at 40" H.0) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) XXX% POST-EVENT XXXXX
AFTER SSE & OBE EXPOSURE . : CALC MAX SPAN ERR
- XXXXX%
(EXPRESED AS PERCENT OF SPAN) XXX% DURING EVENT SEE TABLE
' MEASURED CALCULATED
DURING SSE, AXIS | ELAPSED TIME, SEC T MAK Soa ERROR
XY 4 XXXXX XXXXX
XY 9 XXXXX XXX
XY 13 XXXXX Q\)Q(XXX
-

XY 18 XXXXX /C’\k) XXXXX

XY 22 XXXXX Q ) XXXXX

XY 27 xxxxx\\ W XXXXX

XY 31" X)§<(XX XXXXX

Yz 5 000 XXXXX

YZ 9 8&? XXXXX

Yz 14 qﬁ\\ g@ XXXXX XXXXX

Yz 18 @“ XXXXX XXXXX

Yz @\ in XXXXX XXXXX

Yz , v/>\< 27 XXXXX XXXXX

Yz q 32 XXXXX XXXXX

\

During the measureme& the deviations from the baseline or before exposure values (the
previously defined Erro\r\ Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual baseline performance value, are added to the data
taken by Gulton-Statham above.

The worst case value is the worst case deviation above during the seismic event
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXX

These values were derived from the min span values (which had an amplification of 5) found in
the original test data and corrected to the common full scale span reference (which had an

amplification of 1).

The functional performance was within requirements. Unit was first tested with junction box,
Rosemount mounting bracket, and then retested for second SSE with Gulton-Statham (type B4)
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mounting bracket, and junction box. The seismic results of the first test was representatlve and
enveloping of second test.

Note: The current bracket numbers and older bracket numbers are described in Table A15.
The Gulton-Statham design control process envelops the change in descriptions for
the seismic mounting bracket. ,

PD 3200-200 XXXXX

ACCURACY (Calibrated at 40" H,0) SPECIFICATION MEASURED VALUE
(EXPRESSED AS PERCENT OF SPAN) +XXX% POST-EVENT XXXX%
AFTER SSE & OBE EXPOSURE CALC MAX SPAN ERR
(WORST CASE) XXX%
(EXPRESSED AS PERCENT OF SPAN)  #XXX% DURING EVENT SEE TABLE
DURING SSE, AXIS ELAPSED TIME, SEC MEASUREDVALUE |  CALCULATED
XY 4 XXX <©xvxxxx
XY 9 XXXXX N \@ " XXXXX
C >
XY 13 XXXXX {Q AP XXXXX
Xy 18 4x\xx)g(\() XXXXX
NI
XY 22 PO XXXXX
'\\\\‘
XY | ?7 1a& XpoKxx XXXXX
Xy 31 K & xxxxx XXX
PZanN 4 .
vz s ;@\\%) XXXXX XXXXX
YZ ;o\@ XXXXX XXXXX
¢ N

vz f\\{(&ﬂ) XXXXX XXXXX

Yz % 19 XXXXX XXXXX

vz {\V 23 XXXXX XXXXX

\¢- <\\§) _ 28 XXXXX XXXXX

vz N 32 XXXXX XXXXX

During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy) based on use of the actual baseline performance value, are added to the data
taken by Gulton-Statham above.

The worst case value is the worst case deviation above
$.0.9.9.0.9.9.9,9.9,9,0,0.9,0,9.9,9,9,9,9,9,0,0.9.0,0.0.0.9.0.0.0.9 0.0 9.0 $,0.9,0,0,0,¢,0,4

These values were derived from the min span values (which had an amplification of 5) found in
the original data and corrected to the common full scale span reference (which had an
amplification of 1).

To clarify the seismic testing performed, Table A16 provides a cross-reference of plots, model
numbers, and transmitter serial numbers.
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21 HIGH ENERGY LINE BREAK (HELB) EXPOSURE* (AGING AND ACCIDENT)
SIMULATION EXPOSURE FUNCTIONAL PERFORMANCE

The functional performance for the critical qualification parameter (i.e. accuracy), was monitored
during the HELB exposure. Specific qualification review, including post-accident transient is
covered in depth in Section D. Actual exposure extremes exceed the generic requirements
curves (e.g. over 300°F transient in lieu of 260°F requirement of Figure B1). (see Figure A16,
Figure DT1 and Table DT1 for detail). This section covers the performance characteristics. The
HELB exposure is expected to envelop all application locations, except for certain in-
containment applications at certam plants.

HELB Exposure has a criterion of Maximum Inaccuracy (accuracy) of 4.5% and 5% of Upper
Range Limit, respectively, for PG and PD units (Reference Tables A9 and A10).

211 HELB EXPOSURE PG TRANSMITTER RESPONSE

The results for the PG Transmitters were plotted as well as the reqU|rKements curve as follows:
PG 3200-100 XXXXXXXXX(Callbrated at 100 PSI%FIGURE A17

PG 3200-100 XXXXXXXXX(Callbrated at 100@@) FIGURE A17

During the measurements, the deviationé from the base\!‘ine, or before exposure values (the
previously defined Error, Environmental), were taken:sugch that the total inaccuracy (expressed

<
as accuracy) based on use of the actual baseline performance value were added to the data
taken by Gulton-Statham above. O

o ¥

The worst case value is the worst case devxatlon above from Figure A17
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XOOOXKXKXKXK &Q\
The functional performance was/Qell within requirements.
/\

* . . f\ . . H AN
Accident Exposure as deﬂ\ne\@m Figure B1 and-designated LOCA “A
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21.2 HELB EXPOSURE PD TRANSMITTER RESPONSE

The results for the PD Transmitters were plotted as well as the requirements curve as follows:
PD 3200-200 (XXXXXXX) (Calibrated at 200" H,0) FIGURE A18
PD 3200-200 (XXXXXXX) (Calibrated at 200" H,0) FIGURE A19

Note:  The transmitter serial number XXXXX had worse than expected performance which
led to an assessment of the uniqueness of this unit, which led to such performance. A
detailed analysis is provided in Section 2.K.2, determined the basis for the sub-optimal
performance and led to a correction in a screening criteria to assure no production unit
would exhibit such performance.

The analysis was supported by tests to validate the problem dlscovered during prototype testlng
and was corrected.

The qualification of the Differential Pressure Transmitters remains as demonstrated in this
qualification file on the basis that no unit in the field will experience the gfoblem determined
~during prototype testing. IS

Prior to HELB exposure, the PD transmitters were adjusted to as@%\g they were set for the
criteria for acceptance, which is an inaccuracy value expressefPalv Upper Range Limit (URL).

-During the measurements, the deviations from the baseline or before exposure values (the
previously defined Error, Environmental), were taken such that the total inaccuracy (expressed
as accuracy), based on use of the actual basehne«pérfor\mance value are added to the data
taken by Gulton-Statham above. &O

<
The worst case value is the worst case valui \\\q,ewatlon shown in Figure A19,
XXXXXXXXXXXXXXXXXXXXXXXXXXXrX‘)SXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXX Values shown are CO@Natlve as they are based on maximum span and not

Upper Range value.
QY

The functional performance wanwnhm requirements. The deviation in performance for the
transmitter serial number XXXXX is shown in detailed analysis supported by confirmatory test
data in Section 2.K, not\t\o®pact acceptable qualification.

2J GULTON-STATHAM TESTING FOR ENGINEERING INFORMATION

As previously described in Sections 1B, 2G, 2H, and 2, the true critical characteristic or
performance requirement of the transmitter (which is a measuring sensor first as well as a signal
converter), is the correctness or accuracy of the measurement.

However, throughout the test program, Gulton-Statham performed many additional tests which
were used to gather Engineering Information or confirm instrument characteristics. These tests
are described herein for completeness.

No transmitter rating throughout the complete cycle of initial baseline testing through HELB
exposure failed to meet requirements for the units qualified in this documentation package.
Data on this testing, treated as Engineering Information Only, is available at Gulton-Statham.
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2J.1 REPEATABILITY* BASELINE AND ACCURACY ENGINEERING INFORMATION
DETERMINATION

This determination is essentially the same as that performed for the Functional Test described in
detail previously using the test set-up of Figures A11 and A13. The difference is that two (2),
11-point checks are run consecutively under the same reference conditions and information on
repeatability is sought, while hysteresis is specifically excluded. The data collected is suffi C|ent
to conf irm repeatability is within specifications.

Tables A11 and A12 provide representative data collected from the first and last baseline
checks of the PG units. Tables A13 and A14 provide representative data collected from the first
and last baseline checks of the PD units. The signal output is checked to see the agreement of
repeatability between readings. Review of the data presented (in the format of the voltage drop
across the precision resistor), indicates the significant “Closeness of agreement among a
number of consecutive measurements of the output for the same value of input under the same
operating conditions, approaching from the same direction, for full range traverses.”

A
*Repeatability is defined (Reference 8) as, The closeness of agreement among a number of consecutive
measurements of the output forr\th’é same value of input under the same operating conditions,
approaching from the same dir‘ecti‘on, for full range traverses.”

“NOTE: Itis usually me%ured as non- repeatablhty and expresses as repeatability in percent of span.
It does not mclude hysteresis.”

PAGE A-55



2J.2 - POWER SUPPLY EFFECTS TEST-

25402-011-V1C-JQ08-00001-001

This determination is performed with essentially the same set-up as the Functional Test set-up
of figures A11 and A13. The difference is that a power supply with a voltage minimum of 19
volts dc or less, and maximum of 60 volts dc or more, is used to determine two characteristics.
These are the Lift-off Voltage* (validating the load limitation charts of the transmitter, e.g. as
shown in Table A3), and showing the transmitter can withstand a voltage in excess of rating.

. The following describes the procedure:

Set-up per Figure A11 or A13 dependent on use of PG or PD transmitter. Set variable
power supply to 19 volts dc.

Adjust valves as previously performed in Functional Test.

Starting at 0% pressure input, increase input to 100% to transmitter. The voltage drop
across the precision 250 ohm resistor (R, ) was recorded, which was directly proportional to
the signal current by reading the value to three (3) decimal places from the digital voltmeter
(DVM). This was recorded as transmitter output in volts as the 100°/ kS pressure input. A
representative value from PD 3200-200, XXXXXXXXX was deter@ed
EXXXXXXXXXXXXXXX (Measurement 1).

Slowly decrease the power supply voltage until there is a 16 m@\/)drop across the dropping
resistor. Record power input voltage to transmitter whlchﬁ@the Lift-Off Voltage. This was
recorded; a representative value for PD 3200-200, XXXXXXXXX was determined
XXXXXXXXXXXXXXXX(Measurement 2). A 0

Increase power supply voltage to 60 volts dc andsmeasure voltage drop across the
precision 250 ohm resistor (R.) which is d|rectly\pr>oBort|onaI to the signal current by reading
the value to three (3) decimal places from thg\glgltal voltmeter (DVM). This was recorded
as transmitter output in volts at the 100%(FS pressure input and intentional overvoltage. A
representative value from PD3200- 2007} xxxxxxxx was determined
XXXXXXXXXXXXXX(Measu rementJS)\

Determine power supply effect v(\)/telch IS the transmitter output with power input beyond the
maximum voltage rating (correspc\)ndlng to 60 volt input), less the output with the 19 volt
input. Divide this value by the oltage Difference between the maximum input voltage (60
volts), less the 19 volt lnput/(or 41 volts - Measurement 4).

POWER SUPPLY EFEECT = (MEASUREMENT 3 - MEASUREMENT 1)
MEASUREMENT 4

POWER SUPPLY EFFECT = (XXXXX VDC XXXXX VDC)/XX VDC

POWER SUPPLY EFFECT = XXXXXXX V OUT/V POWER SUPPLY

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXX

*Lift-Off Voltage is the minimum dc voltage for which the transmitter will operate within specification. This voltage is
dependent upon the load or resistance in the instrument loop and is based on determining a distinct drop in
transmitter full scale output when compared to full scale output at a nominal power supply input of 19 volts with
use of the 250 ohm-dropping resistor.
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2J.3 TURN-DOWN* RATIO TEST

This determination is performed with essentially the same set-up as the Functional Test set-up
of Figures A11 and A13. This testis used to verify the turn-down ratio or suppression which is
the range of adjustability of the lower range value to the span

The following describes the procedure:

»  Set-up per Figure A11 or A13, dependent on use of PG or PD transmitter. Set variable
power supply to 19 volts dc. _

«  Adjust valves as previously performed in functional Test for zero (0) process input pressure.

«  Adjust zero (0) pot (Figure 3) counter-clockwise in the decreasing output direction until the
transmitter output stops decreasing regardless of continued counter-clockwise adjustment,
but not more than two (2) turns beyond the point where output decrease has stopped. The
voltage drop across the precision 250 ohm resistor (R.) was recorde/d\\whlch was directly
proportional to the signal current by reading the value to three deumal places from the
digital voltmeter (DVM). This was recorded as transmitter outpﬁl\m volts as the Lower Cut-
Off Voltage. A representative value from PD 3200-200, XXXXXXX was determined
XXXXXXXXXXXXXX (Méasurement 1). @\

»  Adjust zero (0) pot (Figure A3) clockwise in the i mcreasmg output direction until the
transmitter output is 1.000 £.005 volts. The voltqakg \drop across the precision 250 ohm
resistor (R.) was recorded, which was dlrectIy proport|onal to the signal current by reading
the value to three decimal places from the dugltalfvoltmeter (DVM). This was recorded as
transmitter output in volts as zero (0) pressuge >“value. A representative value from PD 3200-
200, XXXXXXXXX was determined XX?XXXXXX(Measurement 2).

* Close Vent Valve (Valve 2) and opeglalve from pressure source (Valve 1) at low or zero
(0) pressure and apply to |nput port'(hlgh port on PD units). Increase pressure input until
the full scale input is applled\to the transmitter.

&

*Turn-Down Ratio is the amplified gain value for span suppression. For example, the maximum turn-
down ratio of 5:1 results in min-span of 20% of full max span.

PAGE A-57



25402-011-V1C-JQ08-00001-001

Adjust span pot (Figure A3) clockwise in the increasing output direction until the transmitter
output stops increasing regardless of continued clockwise adjustment, but no more than two
turns beyond the point where output increase has stopped. The voltage drop across the
precision 250 ohm resistor (R.) was recorded, which was directly proportional to the signal
current by reading the value to three decimal places from the digital voltmeter (DVM). This
was recorded as transmitter output in volts as the Upper Cut-Off Voltage. A’
representative value from PD 3200-200, XXXXX, was determined XX XX XXXX XXXXX
(Measurement 3).

Adjust span pot (Figure A3) clockwise in the decreasing output direction until the transmitter
output is 5.000 + .005 volts. The voltage drop across the precision 250 ohm resistor (R.)
was recorded, which was directly proportional to the signal current by reading the value to
three decimal places from the digital voltmeter (DVM). This was recorded as transmitter
output in volts as the 100% full scale pressure value. A representative value from PD 3200-
200, XXXXX, was determined XXXXXXXXXXXXXX (Measurement 4).

Decrease input pressure; open Vent Valve 2. The voltage drop acrossbthe precision 250
ohm resistor (R.) was recorded, which was directly proportional tg the signal current by
reading the value to three decimal places from the digital voltmeter (DVM) This was
recorded as transmitter output in volts as the 0% full scale pressure value. A representative
value from PD 3200-200, XXXXX, was determined XXXXXXXXXXXXX (Measurement 5).

Close Vent Valve 2 and increase pressure standard%h that 20% (1/5) of the full scale
pressure value for the transmitter is applied. &
@2

Adjust span pot (Figure A3) clockwise in the?{nfc%asmg output direction until the transmitter
output stops increasing (thereby mcreasrn\gjmplrfrer gain, which should be five (5) or more),
regardless of continued clockwise adjustment but not more than two turns beyond the point

where output increase has stopped. Q

Decrease pressure standardrto<ze<rg (0) pressure input, 0 PSIG. Open Vent Valve 2. The
voltage drop across the precnsron 250 ohm resistor (R.) was recorded, which was directly
proportional to the srgnaLcurrént by reading the value to three decimal places from the
digital voltmeter (DVM) {T\ﬁrs was recorded as “Post-Maximum Span Adjustment @ 0
PSID,” with transmrtte@utput in volts recorded. A representative value from PD 3200-200,
XXXXX, was dete&mned XXXXXXXXXXXXX(Measurement 6).

Determine zero (0) interaction (Derived Measurement 7) as Measurement 6, less
Measurement 5. This was recorded as “Interaction,” with the value in volts recorded. A
representative value from PD 3200-200, XXXXX, was determined XXXXXXX(Derrved
Measurement 7).

Readjust the zero (0) pot (Figure A3) to obtain a voltage drop across the precision 250 ohm
resistor (R.) of 1.000 + 0.010 volts. This was recorded as transmitter output in volts as the
“Readjusted Zero (0 PSID).” A representative value from PD 3200-200, XXXXXX, was
-determined XXXXXXXXXXXXX(Measurement 8).

Close Vent Valve 2 and increase pressure standard such that 20% (1/5) of the full scale
pressure value for the transmitter is applied. The voltage drop across the precision 250
ohm resistor (R.) was recorded, which is directly proportional to the signal current by
reading the value to three decimal places from the digital voltmeter (DVM). This was
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recorded as “Maximum Gain,” with transmitter output in volts réébrded. A representative
value from PD 3200-200, XXXXX, was determined XXXXXXXXXXXX (Measurement 9).

« Turn Span pot clockwise until transmitter output reads 1.800 + 0.010 volts.

+ Open Vent Valve 2. Readjust the zero (0) pot (Figure A3) to obtain a voltage drop across
the precision 250 ohm resistor (R.) of 1.000 £ 0.010 volts. This was recorded as transmitter
output in volts as the “Readjusted Zero (0) PSID.” A representative value from PD3200-
200, XXXXX, was determined XXXXXXXXXXXXXX (Measurement 10).

« Close Vent Valve (Valve 2) and apply pressure source at low or zero (0) pressure and apply
to input port (high port on PD units). Increase pressure input until the full scale input is
applied to the transmitter. :

« Readjust the Span pot (Figure A3) as necessary to obtain a voltage drop across the
precision 250 ohm resistor (R.) of 5.000 + 0.010 volts. This was recorded as transmitter
output in volts as the “100% Full Scale.” A representative value froft RD3200-200, XXXXX,
was determined XXXXXXXXXXXXX (Measurement 11). o\©\

Data gathered indicated that upper and lower cut-off exceeds the(s@p?:m with margin. The Turn-

down ratio is five (5) or more, and little interaction exists betW@\zero (0) and span.

2J.4 LOAD EFFECTS TEST

This test is performed to verify that there is essentlall(§/$effect (i.e. no measurable deviation
beyond the accuracy limits of the measuring mstr\l({ments and dropping resistors), with a change
instrument loop load (test includes a load dogh\)lmg) within rated load-limited operating region
(see Table A3). Any value less than 0.00 V@hm is acceptable. See representative set-up

Figures A20 and A21. Q
O

The following describes the proc<e>jur:% :

.« Set-up per representativ%gigure A20 or A 21 (similar set-up for PD and PG units, except for
the need to adjust for/diﬁerent number of pressure ports - (See difference between Figures
A11 and A13). Only p/IEce R+ in circuit assuring contlnuous loop (i.e. circuit equal to
Figures A11 or A1§‘as applicable).

»  Start with open Vent Valve 2 and close.

.+ Starting at 0% pressure input, increase input.to 100% to transmitter. The voltage drop
across the precision 250 ohm resistor (R_1) was recorded, which was directly proportional to
the signal current by reading the value to three decimal places from the digital voltmeter
(DVM). This was recorded as transmitter output in volts as the 250 ohm load reading at-
100% FS pressure input. A representative value from

PD 3200-200, XXXXX, was determined XXXXXXXXXXXXXX(Measurement 1).

»  Open Vent Valve 2; shut down circuit. Set-up per representative Figures A20 or A21
(similar set-up for PD and PG units, except for the need to adjust for different number of
pressure ports - see difference between Figures A11 and A13). Add Ry into R4, assuring
continuous loop. Close circuit electrically and Vent Valve 2.
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Starting at zero percent (0%) pressure input, increase input to 100% to transmitter. The
voltage drop across the precision 250 ohm resistor (R.1) was recorded, which was directly
proportional to the signal current by reading the value to three (3) decimal places from the
digital voltmeter (DVM). This was recorded as transmitter output in volts as the 500 ohm
load reading at

100% FS pressure input. A representative value from PD 3200-200,

XXXXX, was determined XXXXXXXXXXXX (Measurement 2).

Determine load effect, which is the Transmitter output with 200% increase in loading. This
is calculated as follows:

LOAD EFFECT = (MEASUREMENT 2 - MEASUREMENT 1)/250 OHMS
LOAD EFFECT = (XXXXX V - X.XXXV)/250 OHMS
LOAD EFFECT = XXXXXXX V/OHM

In this example, the change is negligible (within the uncertainty, o{’tt@neasurement set-up),
and well below 0.00 V/ohm. No load effects problems were rep(érted in any tests from initial

to final baseline.
R

2J.5 OTHER GULTON-STATHAM TESTING FOR ENGINEERING INFORMATION AND

PERFORMANCE CONFIRMATION &

Many other tests were performed to obtain Engme@%g information and performance

confirmation. No test problems were reported(m/a?ﬁy tests from initial to final baseline for this
series of tests. The following summarizes <these tests (specific details of procedure are

available at Gulton-Statham).

Q@Q

&
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2J.51  TIME CONSTANT TESTS

These tests are performed to measure the response time to a full scale step change in pressure.
This is an important characteristic with the need for fast response. The Gulton-Statham
Transmitter is typically 5 to10 times (or more), responsive to change than traditional industry
transmitters. The acceptance criteria was to have a time-constant change of less than 10
milliseconds (for the PG units) and time-constant of less than 30 milliseconds for the PG and
Differential Pressure* units (PD/PDH and DR), respectively. The PD/PDH 3218 units, due to the
time necessary to transmit the pressure change through the silicone fluid filled capillary length,
does not have an absolute time-constant acceptance value. The PD/PDH 3218 unit will have a
time constant equal to the PD/PDH 3200 units plus that for signal transmission through the
sealed diaphragm and capillary. This installation dependent value is addressed in Section F, -
Paragraph 4, with a recommendation that the user contact Gulton-Statham for specific data
which relates to capillary length and other installation parameters.

~* Most sensitive (undamped or unfiltered) configuration will be sensitive to rapid acceleration
changes during vibration testing or pressure changes. Q
5. )

*  Electronic component potential changes due to thermal or radiatign transients will be most
susceptible in an undamped circuit. ‘ &
%

* Rather unique ability for rapid response even after SImulatlng severe aging, may be of value
to Gulton-Statham customers such that test data §upport of this would be desirable™*.

2J.511 SET-UP

Figures A22 and A23 represent the test set: up for the Time Constant Test. The configuration is
similar to the functional tests; Figures A11 and\A13 with the addition of instrumentation to
RN

accomplish measurements to determme{@he time constant. A dual trace oscilloscope is used

)
with trace 2 configured or placed acro§s\the precision dropping resistor to measure voltage.
The Vent Valve is a solenoid- op}erate\g\valve A reference transducer with a time-constant of
less than one (1) millisecond (more than 5 to 30 times faster than the transmitter under test, to’
preclude significantly affectlgg nmieasurement results), is used to monitor the input pressure to
the transmitter. The output of the reference transducer is connected to oscilloscope trace 1, and
the oscilloscope external trlgger input. A Polaroid™ camera was fitted to the oscilloscope face
to record trace resultsT=

*NOTE: Some adjustment for capillary is necessary in the PD/PDH units depéndent on capillary
length. Contact the factory for data on time-constant adjustment

**Contact the factory for specific application data, if necessary, beyond the fact that all units meet the
established criteria.
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24512  TEST METHOD.

The transmitter is pressurized to its full scale pressure. The solenoid vent valve is opened
resulting in quick venting and step change output of the reference transducer triggering the
oscilloscope sweep. The response of the transmitter output will decrease from the full scale or
URL limit of 20 mA through the 250 ohm precision resistor (i.e. 5 volts = 20 mA X 250 ohms) to
the zero (0) pressure value for 4 mA through the 250 ohm precision resistor (i.e. 1 volt = 4 mA
X 250.ohms). The time response or Time-Constant being the time necessary for a 63.2%
change (decrease in this test) due to a step change in forcing function. The magnitude of the
nominal time-constant change would be the span or full scale (URL) less the zero (0) or 4 volts
X 0.63 which is 2.52 volts. The determination of time constant is performed graphically as '
shown in Figure A24.

All time constants measured were faster than required and met the acceptance values. (see
Typical Results in Figure A25).

2J.5.2 OVERLOAD/TOGGLE TESTS Q
These tests are performed to verify the transmitter’s ability to W|thstan(d>an overpressure on both
the high port or low - port due to an error in operation that applies’ the over-pressure to the low

pressure port. Q@

2J.5.21 SET UP

Figure A26 is a representative the test set-up for t(h <ﬁTe\t The configuration is similar to the
functional tests, but is designed to aliow overpressure on both the high and low ports of a PD

unit. The process medium for this test is dlstll\eﬁ\water to protect personnel should a
component burst. _ &

2J.5.2.2 TEST METHOD/PROCEDUR

The following describes the proe//e@ure.
4
A
*  Obtain a full scale sensmvnty from previous testing (see box 6 of the Test Form on Figure
A12). A representatl\fe Value from PD-3200- 100, XXXXX, was determined
XXXXXXXXXXX‘X*QXXX(Measu rement 1).

»  Set-up per representative Figure A26. With Vent Valves 1 and 2 open (to atmosphere), and
Valves 3, 4, and 5 closed, record the voltage reading across the precision 250 ohm resistor
which is directly proportional to the signal current by reading the value to three (3) decimal
places from the digital voltmeter (DVM). A representative value from PD 3200-100, XXXXX,
was determined XXXXXXXXXXXXXXXX (Measurement 2).
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- Set Pressure Source to required Pressure Value; 4000 + 40 PSIG for the PD 3200-100 unit
being reviewed by example (which has a rated Static Pressure Limit of 3000 PSIG per-
Table A1 being used as an example).

Close Valve 1; open Valve 3. Quickly open Valve 5 for a step change pressure input to the
high pressure port. Hold pressure of 4000 + 40 PSIG for one (1) minute. Check for leaks.

Close Valve 5; close Valve 3; open Vent Valve 1 to establish 0% process input to both

ports. Record the 0% process input voltage reading across the precision 250 ohm resistor

which is directly proportional to the signal current by reading the value to three (3) decimal

places from the digital voltmeter (DVM). A representative value from PD 3200-100, XXXXX,
was determined XXXXXXXXXXXXXXX(Measurement 3).

Close Valve 2; open Valve 4; open Vent Valve 1. Quickly open Valve 5 for a step change
pressure input to the low pressure port. Hold pressure of 4000 + 40 PSIG for one (1)
minute. Check for leaks.

" Close Valve 5; close Valve 4; open Vent Valve 2 to establish O% pr}cess input to the
pressure ports. Record the 0% process input voltage reading; Magross the precision 250 ohm
resistor which is directly proportional to the signal current by réading the value to three (3)
decimal places from the digital voltmeter (DVM). A rep\r\e&egtatlve value from PD 3200-100,
XXXXX, was determined XXXXXXXXXXXX (Measu%&nt 4).

Set Pressure Source to 4000 + 40 PSIG. Actualfprégssure depends on the rating of the

units. D)
t K’@ ,

Close Valve 1; open Valve 3. Quickly oggﬁﬁ\/yalve 5 for a step change pressure input to the
high pressure port. Hold pressure of 4%)@‘1 40 PSIG for one (1). Check for leaks.

14

Close Valve 5; close Valve 3; open\Vent Valve 1 to establish 0% process to both ports as
input. Record the 0% process mput/voltage reading across the precision 250 ohm resistor
which is directly proporﬂonaktg the signal current by reading the value to three (3) decimal
places from the digital voltmeter (DVM). A representative value from PD 3200-100, XXX

XXXXX was determlned\()ZXXXXXXXXXXXXX (Measurement 5).
Determine the ovérload error as follows:

OVERLOAD ERROR = [(MEASUREMENT 3 - MEASUREMENT 2) ] X 100%
MEASUREMENT 1

OVERLOAD ERROR = [(X.XXX — X.XXX)/X.XXX] X 100%

OVERLOAD ERROR = X.XXX% FS SENSITIVITY

Record this determination as derived Measurement 6.
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. Determine'Togg'le error as follows:

TOGGLE ERROR =[(MEASUR§MENT S-MEASUREMENT 4)] X 100%
MEASUREMENT 1

TOGGLE ERROR = [(X.XXX — X.XXX)/X.XXX] X 100%
TOGGLE ERROR = -X.XXX% FS SENSITIVITY

In this example, the change is relatively small compared to the ratings

) 0.0.0.0.0.0.0.6.0.000.0.9.99.90.99,0,.9.9.9.0.900000000000000000000090000090009009900000
PO OO G000 0000000000000 0000000000 00eeeo et teeteet et e ees el
)OO 00 0.000.0.000.0.0.00.0.9.0.0.9.9.99.990000000000000000900000000000 N1
pressure was 1000 PSIG greater than stated rating of 3000 PSIG.

No problems with this testing were reported in any tests from initial to final baseline.

2J).5.3 LINE PRESSURE COEFFICIENT (LPC) AND HYDROSTATAI\?:\TESTS

o
The Line Pressure Coefficient (LPC) test is preformed to determir(le:?hg'change in transmitter
output as the pressure applied to both ports simultaneously incrgase’from zero (0) to 2000
PSIG. The rating is expressed as the Static Pressure Eﬁect,@\ '
(e.g. Table A1) with a value of £ XXX% of URL/1000 PS'Q -

The hydrostatic test is performed to verify the transmi&st-te“r pressure integrity to withstand an
overpressure on both the high port or due to an errorin operation, that applies the overpressure

to the low pressure report. %&0?@}
. 0\@

Figure A26 is a representative the tes\tfs\g-%p for the test. The configuration is the same as the
Overload/Toggle Tests. The proces@ médium for this test is distilled water to protect personnel,

D
€
should a component burst. Y _\3
7

2J.5.3.1 SET-UP

Zag

2J.5.3.2 TEST METHQOD /)PROCEDURE

g

" The following describesthe procedure:

+  Obtain the full scale sensitivity from previous testing (see box 6 of the Test Form on
Figure A12). A representative value from PD 3200-200, XXXXXXXXX, was determined
XXXXXXXXXXXXXXXXX (Measurement 1).

»  Set-up per representative Figure A26. With Vent Valves 1 and 2 open (to atmosphere) and
Valves 3, 4, and 5 closed, record the voltage reading (for 0% input) across thé precision
250 ohm resistor which is directly proportional to the signal current by reading the value to
three (3) decimal places from the digital voltmeter (DVM). A representative value from
PD3200-200,XXXXX, was determined XXXXXXXXXXXXXXXXX (Measurement 2).
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»  Set Pressure source to Pressure Valve of 1000 +10 PSIG. Close Vent Valves 1 and 2;
open valves 3 and 4. Slowly open Valve 5 for pressure input to the high and low pressure
port. Record the voltage reading (at 1000 PSIG) across the precision 250 ohm resistor,
which is directly proportional to the signal current by reading the value to three (3) decimal
places from the digital voltmeter (DVM). A representative valve from PD 3200-200, XXXXX,
was determined XXXXXXXXXXXXXXXXX (Measurement 3).

* Increase line pressure to 2000 +20 PSIG line pressure. Record the voltage reading (at
2000 PSIG) across the precision 250 ohm resistor, which is directly proportional to the
- signal current by reading the value to three (3) decimal places from the digital voltmeter
(DVM). A representative value from PD 3200-200, XXXXXXXXXX was determined
XXXXXXXXXXXXXXXXX (Measurement 4).

"+ For PD 3200-200 XXXXX, Increase line pressure to 6000 + PSIG and\hold for two (2)
minutes; check for leaks. Record acceptable hydrostatic check a\s“Measurement 5.
Remove overpressure condition from transmitter by lowering pressures and venting.

OO

N4
* Determine the Line Pressure Coefficient (LPC) per 1;0,%!381 as follows:

e )
LINE PRESSURE COEFFICIENT=[(MEASUREMENT 4-MEASUREMENT 2)/2] X 100%
(MEASUREMENT1)
N |
LINE PRESSURE COEFFICIENT = [(x»\x\xx X.XXX)/2)/(XXXX) X 100%

LINE PRESSURE COEFFICIEN@%.XXX% FS SENSITIVITY/1000 PSI

Record this determination eggerived Measurement 6.

A

No problems with thi’é?’tgsti‘ng were reported in any tests from initial to final baseline.
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2K CLARIFICATIONS AND REVIEW OF ANOMALIES IN TEST DATA

This section provides clarifications of equipment tested and other areas where the existing test
documentation does not provide sufficient clarity. The specific parameter-by-parameter reviews
of Section D demonstrate environmental qualification while the substantive coverage in earlier
paragraphs of this section deal with performance issues, methods of test, and seismic
qualification overview.

In addition, as the Qualification must address all anomalies to the extent necessary to preclude
concern that the units are not qualified this section summarizes the dispositioning. Included is
the review of the NTS Notice of Deficiencies and Change of Procedures in the NTS Report
(Reference 9), as well as an integrated review of -the raw data avallable from the lab
notebooks and functional tests at Gulton-Statham.

Note: Typically many anomalies are laboratory caused, which actually overstresses' the
equipment, as it did in the great majority of the cases reviewed herein. Such overstressing adds
to the confidence in the Gulton-Statham units. Q

<>
The presentation of information is not necessarily in the order of lmportance but rather it reflects
a systematic review of the available data.

1 TEST UNIT TRACEABILITY » Q

Table 1 of Report 528-0994, page 14 (Section Gﬂfc\)f this document) lists various
transmitters and the tests which they were to ha\>e undergone All units performed as
required without any anomalies unless reportgﬁd/m this section. The following clarifies or
corrects this data based on review of the c\ojplete EQ file. .

A
PG 3200 TRANSMITTERS: MODELSPG 3200-100, URL 100 PS|
(BY SERIAL NUMBERS) Q&U

S/N XXXXX and S/N XXXXX > underwent full qualification and are demonstrated qualified
throughout this quallfcatloﬁpackage

S/IN XXXXX - waﬁntrol* unit that was aged and underwent EMI testing. Refer to
Change of Procedure 9 (Report page 44) in the NTS Report. EMI testing is not traditionally
part of EQ testing. However, it is evaluated in this section.

*In the various NTS Reports of Section G, “Control Unit” refers to transmitter units used for reference
only, or not intended to be exposed to the full compliment of qualification tests.
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S/N XXXXX and S/N XXXX - was exposed to the full sequence of testing up through LOCA
“B”.” Performance of unit was satisfactory in functional testing up to time of severe LOCA-
“B” exposure. Such test data is available at Gulton-Statham. As described in Change in-
Procedures L-3 and L-1 (Report pages 49 and 52), LOCA “B” was added late in the
program. Actual LOCA “B" exposure was well beyond anticipated with exposure greater
than 500[]JF, with many uncontrolled e xposute s XXXXXXXXXXXXXXXXXXXXX
XXXXXXX XXX XXXXXXXXXXXXX.  Although testing on transmitter continued, the planned
higher qualification level for LOCA “B” was not achieved. Failure of XXXXX was
catastrophic, while that of XXXXX was reflected in worst case maccuracy 0 of
approximately 10-12%. As reported by the Engineer responsible for testing ©®,,
penetrated termination wire conduit probably causing isolation resistance fallure
Qualification to LOCA “A” is demonstrated in this qualification document.

Steam

PD 3200 TRANSMITTERS: MODEL PD 3200-200, URL 200" H,0

(BY SERIAL NUMBER)

XXXXXXXXX - underwent full qualification testlng This unit |s°dem§nstrated quallfed by
test data throughout this qualification package. %\J

& v
XOOXXXXXX - underwent full qualification and is demonstrated qualified throughout this

/,
qualification package. However, the accuracy durlng\L®CA exposure was beyond _
expected levels. This is reviewed in depth and sh0\<vn not be significant to qualification, as
the cause has been isolated (as shown in 2K.2),.and prevented from occurring in units
shipped for use. D)

XXXXXXXXX - underwent full qualiﬁcatiorf;?a}md’preformed successfully, even through the
very severe LOCA “B” exposure. Conse(r\v\atively, Gulton-Statham takes no credit for this
successful performance, as the majo’\' |ty\\of transmitters exposed to the poorly controlled

LOCA “B” were not successful. D@ls available on the functional tests for this unit at

Gulton-Statham.
QN

XXXXXXX XXX XXXXXXXXKXXXX - was exposed to the full sequence of testing up through
LOCA “B.” Performancéofunit was satisfactory in functional testing up to time of severe
LOCA “B” exposure, @ch test data is available at Gulton-Statham. As describedin
Change in Proced\u\res L-3 and L-1 (Report pages 49 and 52), LOCA “B” was added late in
the program. Actual LOCA “B” exposure was well beyond anticipated, with exposure
greater than 500°F, with many uncontrolled exposures. XXXXXXXXXXXXXXXX

XXXXXXX XXX XXX XX XXX XXX XXXXXXXXXXXXX.  Although testing on transmitter
continued, the planned higher qualification level for LOCA “B” was not achieved.
Qualification to LOCA “A” is demonstrated in this qualification document.
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XXXXXXXXX- was a control unit that was aged and underwent EMI testing. Refer to
Change of Procedure 9 (Report page 44) in the NTS Report. EMI testing is not traditionally
part of EQ testing. However, it is evaluated in this section.

XXXXXXXXX - was exposed to the full sequence of testing up through LOCA “B.”
Performance of unit was satisfactory in functional testing up to time of severe LOCA “B”
exposure. Such test data is available at Gulton-Statham. As described in Change in
Procedures L-3 and L-1 (Report pages 49 and 52), LOCA “B” was added late in the
program. Actual LOCA “B” exposure was well beyond anticipated with exposure greater
than 500[JF, with many uncontrolled exposure s XXXXXXXXXXXXXXXX XXX XXXXX
XXXXXXX XXX XXXXX XXX XXXXXXXXX XXX Although testing on transmitter continued, the
planned higher qualification level for LOCA “B” was not achieved. As reported by the
engineer responsible for testing® “Steam penetrated termination wire conduit probably
causing isolation resistance failure.” Qualification to LOCA “A” is demonstrated in this

qualification document.
A\

PD 3218 TRANSMITTERS: MODEL PD 3218-100, URL 100'@3@20

(BY SERIAL NUMBER) @\

XXXXXXXXX - was a control unit held in spare ar%ot exposed to EQ simulations.

XXXXXXXXX - underwent thermal aging and\\v7vas a spare control unit. It was not exposed

to other EQ simulations.
o&\

XXXXXXXXX - was discussed rather brleﬂy in the NTS report, Reference 9 (in Section G.2
of this document), as it underwent‘accelerated thermal aging, SRV and Seismic Exposure,
{rradiation and 7-day only L®\CA exposure to obtain a prellmlnary assessment of transmitter
performance. A separa}e\report by both Gould®® and NTS®® reported on the results. The
Gould Report Summary\lata is included as Exhibit Il to the NTS Report in Section G.2.

%Q
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The particular test unit exhibited full scale changes from baseline XXXXXXXXXXXXXXXXXX

- ‘exceeding the acceptance criteria. The test during LOCA was short and this series of test units

with PVC lead wiring and Neoprene junction box gasketing performed poorly during longer term
LOCA events. Consequently, no credit is taken for the somewhat reasonable performance of
this unit. Discussion and dispositioning of the PVC wire and Neoprene gasketing is described in
Paragraph 2.K.1 and the Paragraph immediately below for XXXXXXXXX. The NTS report ©

" included various Change of Procedures (Report pages 19-24), approved by Gould and not
consequential to the level of qualification reached. Change of Procedure #4 (Report Pages 21

- and 22), provides the 7-day LOCA Simulation. Various Notices of Deviation (S-1, S-2, S-3, S-4)
dealt with vibratory motion. XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKKKXXXXXXXXKX
PO OO SO0 LOOPP OO O O VOO 00T 0000 00.00.0.0000.0.00.00.0.00008
N0 000000 000000000000.0060060009.000.00.6.0.099.6.9 09090 9.00.0.090.000.00.000,0

D000 000000000000000000000000.600.0000.000.0.0.00.0.9.9.9.9$0.0.00.0.0090,0,0090,0004
OGS0 00000 000000000000000000600.0.00000.0.0.0.9009.9.6099.9,0000.0.0000,0,000
XXXX _

Note: Paragraph 5.2.1.3 indicates that the units were exposed to 16?25 days of aging
temperature per Notice of Deviation 1 Report page 30, is @rror.

The PD 3218 uhits are not included in the phase of testing d\‘e%;ibed (Notice is for PG 3200
and PD 3200 units for a period after the P3218 units w%rejeiged). A Notice of Deviation
(LOCA #4) occurred post-accident simulation in finalbaselife testing after an overload

pressure of 2000 PSIG. This is not considered seri\c\Jus as it occurred after the accident
simulation for effecting an engineering informationtest that is beyond the expected accident

conditions. %@X D)
NG
S
R

Q&
&
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| XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
$0.0.0.0.000.060090000000000000000000000000060000060000000000000090
1 9.0.0.0.0.0.0.0.0.0.0.000000000000000000000600000000000000000006000000090
XXXXXXXXX”

XXXXXXX had very poor performance during LOCA “B" exposure. The PD 3218 unit was
thermally aged less, did not include SRV testing, and had an open circuit. This unit, as well
as-every PD 3218 unit, had PVC lead wires and Neoprene gaskets, and a smaller terminal*
box than other units. PVC is a thermoplastic that is recognized to have synergistic effects,
has a low temperature rating for long-term service, and has an electrical volume resistivity,
two (2) or more orders lower than other industry-successful lead wires (including the
successful use of Kapton[] on all transmitters other than the PD 3218 units which used PVC
lead wires). Additional coverage of the PD 3218 units is provided in this section. ltis
demonstrated that the change to the same Viton[] gaskets, Kapton[Jleadwires, and
successful junction box of other units allows qualification by similarity for the PD 3218 unit.

<
DR 3200 TRANSMITTERS: @@
The DR 3200 transmitters were not part of the original quallf cation effort. Qualification is by
the substantial similarity described in Paragraph 2A3 te th\e;q\uallfed PD units.

2 NOTICE OF DEVIATION 1
REPORT 528-0994, PAGE 56 - (SECTION G1 OF\T\HIS DOCUMENT)
Deviation is related to lab failure to terminate aging exposure when planned for PD and PG

AN
units. Lab error provnded more severe test an%dsresults in better qualified life.
<

3 NOTICE OF DEVIATION S-1
REPORT 528-0994, PAGE 57 - (SEC'FION G1 OF THIS DOCUMENT)
Deviation is related to performlng/résonance search without transmitters in operation. This
is acceptable as, (1) transmltterxls\e)ssentlalIy a static device with little deviation in a
vibration-susceptible mode<|f/en§rg|zed and (2) resonance search is not actually required
by IEEE 344-1975 or IEEE 38 1987, if complete seismic testing is performed. The
resonance search is mheréhtly conservative as it is an additional vibratory exposure beyond
seismic exposure. Q\urthermore many Gulton-Statham units were exposed to seismic
events twice to showithat different mounting bracket would not invalidate qualification. A
resonance is |mport>|n use of analytical techniques of vibration/seismic testmg which is not
the case for Gulton-Statham.

*Industry common usage for a terminal or termination box (which contain termination provisions), is a
junction box that may-or may not use termination. Consequently, Gulton-Statham has adopted this
terminology.
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NOTICE OF DEVIATION S-2 o :

REPORT 528-0994, PAGE 58 - (SECTION G1 OF THIS DOCUMENT)

Deviation is related to performing resonance at levels that deviated from specification. Not
significant as described in paragraph immediately above.

NOTICE OF DEVIATION S-3

REPORT 528-0994, PAGE 59 - (SECTION G1 OF THIS DOCUMENT)

Deviation is related to performing resonance at levels that deviated from specification. Not
significant as described in sub-paragraph 3 above. ‘

NOTICE OF DEVIATION S-4

REPORT 528-0994, PAGE 60 - (SECTION G1 OF THIS DOCUMENT)

Deviation is related to performing seismic exposures not in accord with standard practice.
Units were actually vibration tested repeatedly, as indicated OBEs and SSEs were
repeated. All this vibratory exposure demonstrates that the Gulton-Statham units are very
sound. 5 \)

el
NOTICE OF DEVIATION L1 to L6, and L10 @%
REPORT 528-0994, PAGES 61 to 66, & 70 - (SECT@I\\I\G‘I OF THIS DOCUMENT)
Deviation is related to many stressful thermal cycles during LOCA exposure. The units
were tested or continued to be tested with this uep&'ptg\\rqned stress. Included in Section F and .
the temperature analysis of Section DT, is a plot of the actual thermal behavior of the
chambers. LOCA simulation was very sevéré;@?’the transmitters -- well in excess of

expected actual plant exposure. o @

NOTICE OF DEVIATIONS - L7, I\.\S},\)@, L11 TO L15

REPORT 528-0994, PAGES/§7269f71-76 - (SECTION G1 OF THIS DOCUMENT)
Deviation is related to manﬁstressful thermal cycles during LOCA exposure. This is LOCA
“B” with no credit taken for\th% test. Stresses were even greater than described in

subparagraph 6 abovg.ﬁ@ability to pass LOCA “B” may be due to test lab failure.

A
POOR CONDUI'ENCTION BOX INTERFACE FAILURE

REPORT 528-0994, PAGE 11 - (SECTION G1 OF THIS DOCUMENT), PARAGRAPH
544

A poor connection was noted prior to LOCA exposure of PD 3218, XXXXXXXX. The unit
later failed with steam coming out of the wiring. Such a failure clearly appears to be human
error. _ _

Note: This is a PD 3218 unit with Neoprene gasket, PVC wiring and small junction box, that
may have further contributed to failure. '
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10 EMITESTING
EMI is not usually considered an EQ item for qualification. The original testing shows an
EMI failure during conducted RF EMI testing (see NTS Report 528-0994, Exhibit I, SEA
TEST Report TRS 11050, Appendix D, Test Data Sheets D-2 and D-7 for details). This test
is an RF transient test. The transmitter utilizes a 2-wire circuit design. When exposed to
RF transient, the output will have a momentary shift. After removing the RF transient, the
transmitter will recover and there will be no permanent damage to the transmitter.
Furthermore, current test methods to international standards IEC 801-2, IEC 801-3 and
1000-4 validate Gulton-Statham transmitters are acceptable from an EMI perspective.
There is no known failure reported for Gulton-Statham transmitters due to EMI-induced
failure.

2K.1 EVALUATION OF NEOPRENE GASKETED AND PVC WIRED TRANSMITTERS

) 0.0.0.0.0.0.0.0.0.9.090.9.9.9.9.9.9.9999999000000000000000900000900099900090009000004
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXxxIt is a recognized fact that PV(G\has synerglst|c effects and is essentially
precluded from use as primary insulation in contamment in today’s plants. Survival of PVC
during LOCA is doubtful. Likewise, the usemf@other relatively low temperature material,
Neoprene for high temperature LOCA expa3ure; is also another potential failure pomt All these
factors lead to a very probable failure me@anlsm

The detailed similarity analysis earller(l(?thls Part A, Paragraphs 2A2.1 and 2D of the
qualification documentation, defhonstrates qualification by similarity with use of the same
material of construction. As shown in the vanous figures and specifications, the qualified
transmitters actually shlpped usmg Viton™ elastomers, the same junction box, and Kapton™
pigtails. Theses are tra%:able under controlled configurations to the successful qualification.

XXXXXXXXXXXXXX)SQXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
$,9.9,9,0,.0,:0.90.9,.0.0.0.9.9.9.0.9,0.0.0.9.9.9.0,0,0.0.99.9.0.0,0.99.0.9.9.000009000
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2K.2 EVALUATION OF ANOMALY DUE TO LOW STRAIN GAGE BEAM INSULATION
RESISTANCE AND PROGRAM TO PRECLUDE REOCCURRENCE

Subsequent to LOCA testing the PD 3200 unit XXXXXXXXX which had inaccuracy beyond the
specification limits (see Figure A18), and the other units that did not meet specification
requirements (e.g. XXXXX) were analyzed.

Figure A4C indicated the block diagram of the Differential Pressure Transmitters. A Wheatstone
Bridge is sputtered onto the previously described sensing beam. The sensing diaphragm is
linked to the beam to affect beam displacement and a resistance change of the strain gage
bonded to the beam. The resistance change leads to an output from the Wheatstone Bridge
ultimately being converted to the traditional 4-20 mA dc instrument loop signal. A block diagram
of the transmitter circuit is shown in Figure A4B.

The unit electronics were exposed to a 290°F ambient and the change in accuracy was
recorded. The amplifier output change was not drastic XXXXX. The assembhes were further
broken down systematically and poténtial error causes eliminated. Ultlmately, the error was
determined to be within the strain gage beam. The strain gage beam(on&sts of XXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
necessary to form a Wheatstone Bridge. &@@

The insulation resistance between the strain gage and the \r}mtal beam was determined for the
S\

unit with larger inaccuracy with measurements at high tgmperature It was determined that the
beams with lower insulation resistance or shunt pathSNhave the greatest error. This is
analogous to other current-sensing lnstrumentatlon\|®uclear plants where low insulation
-resistance caused leakage paths (due to cables'\it(efmlnal blocks, etc.), have been an EQ
concern®. Whereas, Figure A4A indicates the/normal Wheatstone Bridge configuration; Figure
A27 |nd|cates the low insulation re&stance@akage paths which cause errors.

Various beams of different msulatlon reS|stance were exposed to high ambient temperatures
and it was verified, as shown in Flgur@A28 that a high insulation resistance would minimize
error. An insulation resistance of/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX with an
error in accordance with the f%v\vmg equation:

E = 4.5E06/IR (NPERCENT

WHERE:
IR = INSULATION RESISTANCE IN OHMS
E = OUTPUT ERROR IN PERCENT

To assure that all production transmitter would not experience significant low insulation
resistance induced error, Gulton-Statham established a requirement that all beams for nuclear
plants be screened to assure high insulation resistance
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Gulton-Statham has a specific procedure, APS 1406 “Beam Selection Procedure for Nuclear
Products,” which requires an insulation resistance greater than XXXX ohms at room
temperature. Even more significant is the requirement that every beam in nuclear transmitters -
be exposed to a stabilized temperature of XXXXXXXX, with an insulation resistance of XXXX, or
greater ohms, at this screening temperature. This testing is under a quality program and
uniguely logged by serial number, actual resistance reading, pass/fail indications and other data.

Gulton-Statham has performed various tests to validate that the high initial IR results in
acceptable performance under nuclear events. Figure A29 indicates results of verification
testing XXXXX that shows that our screening criteria results in continuing high insulation
resistance at XXXXX, even after XXXXX temperature and XXX Megarad radiation exposure.

Based on all of the above Gulton-Statham has established a controlled process to assure all
‘production units will utilize strain gage beams that will not exhibit poor performance due to low
insulation resistance. '

<

No special mounting or orientation of the equipment is necessary(on\the basis of environmental
(N
qualification requirements other than installation enveloped by testing.

2L MOUNTING/ORIENTATION Q
@)

?

- The flexibility for the ultimate user is based on successfuléel\smyc qualification use of junction
boxes as well as pigtails*. Also included, was the standard Gulton Statham mounting bracket
as well as a Rosemount Mounting Bracket. The test conflguratlon and use of less massive
transmitter than available from others, was establlshed o facilitate user flexibility to replace
competitive units. No special installation reqwrements beyond the typical transmitter
application has been identified by the quallﬁcatgn documentation found in QDR Section G.1, or
any other data available (e.g. original lab n%ebook from the testing).

The torque values for bolting during test\(descrlbed in lab testing notebook), was 65 £ 5 inch
pounds, consistent with transmutt@lnstructlon manual.

2M INTERFACES Z

o
The equipment are subject to moisture exposure and high humidity conditions following a
Design Basis Accideﬁt?Htowever, the accident simulation included direct steam exposure
without use of any special seals such that conductor seals are not necessary. However, pigtails
must be-in conduit or junction boxes and not directly exposed to the environment. No special
interface requirements exist other than standard instrument practice as shown in the transmitter
instruction manuals.

*For installation in a pipe break area, refer to Section E.
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2N REVIEW OF NRC POTENTIALLY PERTINENT INFORMATION NOTICES /
BULLETINS

Preparation of this qualification document included review of various information notices and
correspondence pertaining to potential NRC concerns regarding transmitters. No specific information,
notice, or area of concern was identified for the Gulton-Statham Transmitters. However, review for
commonality with other transmitters was included for completeness, and as an aid to Gulton-Statham
Transmitter users. USNRC Inspection and Enforcement Notice 89-42!" and USNRC Bulletin No. 90-
129 describe the concemns with Rosemount 1153 and 1154 transmitters that have a failure mechanism
due to loss of fill oil in the sensing module.

As described in the section entitled “Increased Safety and Reliability,” for the standard for the Gulton-
Statham Transmitters®”, pages 8 and 9 (found in Section G.5), the Gulton-Statham configuration
essentially precludes the concern for a Rosemount type fill oil leak concern. Figure A14 provides the
details of the configuration that essentially precludes the pressure transmitter failure (due to feed
through pin design in the units subject to the aforementioned NRC notice and bulletin.

20 SYNERGISTIC EFFECTS AND DOSE RATE EFFECTS @

As stated in 10CFR50.49, “Synergistic effects must be considered, when th@ effects are believed to

. have a significant effect on equipment performance.” Consideration of. @ch state-of-the-art issues as
synergistic effects or dose rate effect, is based on study of research. lndlngs of EPRI and Sandia
Laboratories. At this time, significant dose rate and synergistic eﬁf gt)are limited to a small number of
materials (e.g. Polyethylene, PVC, Teflon []), which do not constl te the elements of current construction

of the transmitters.
)
2P DESIGN CHANGE CONTROL-RETAlNINGGbQUALIFICATION
{

As previously indicated, Gulton-Statham has in effect, a full 10CFR50, Appendix B, as wellas an ISO
9001 Quality Management System that assure lp’?‘o\?er attention to design change control. Contained in
Section F, is additional discussion of design change reviews which assure retention of transmitter

qualification. : x{

2Q REASONABLE ASSURANQE OF EQ

The demonstration of adequacy{fm@qument qualification is not completely absolute, but rather relates
to the “reasonable” concepts: establlshed in Title 10 of the code of Federal Regulations and NRC staff
guidance in such appropnq\t{e document as the DOR guidelines (Enclosure 4, IEB 79-01B"
“Environmental Quahflcaﬁon of Class 1E Equipment,” January 14, 1980). For example, 1OCFR50
Appendix B, “Quality Assurance Criteria For Nuclear Power Plants and Fuel reprocessing Plants,” the
Introduction Paragraph establishes requirements, “...necessary to provide adequate confidence..’
10CFR50 Appendix A, “General Design Criteria for Nuclear Power Plants,” Criterion 1, “Quality
Standards and Records,” requires Quality Assurance to be, “established and implemented in order to
provide adequate assurance....” Finally, the DOR Guidelines, “Guidelines for Evaluating Environmental
Qualification of Class 1E Electrical Equipment in Operating Reactors,” Paragraph 1.0, Introduction,
concerns itself with, “Class 1E equipment whose documentation does not provide reasonable assurance
of environmental qualification.”
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On the basis of the regulations and NRC staff guidance, the requirements establish “reasonable
- assurance” or provide “ adequate assurance” or “adequate confidence” that environmental
qualification is established.

The transmitters are clearly qualified and provides “reasonable or adequate assurance” such
that “adequate confidence” in environmental and seismic qualification exists.

2R ADDITIONAL ASSURANCE OF QUALIFICATION BY USE OF NRC CHECKLIST

To ensure that all pertinent issues regarding the environmental qualification of the subject
equipment has been addressed in accordance with NRC’s requirements or recommendations,
the preparer of this documentation file has completed an overview “checklist” which is attached
to this section. This checklist is derived from the NRC’s Inspection Module “Temporary
Instruction 2515, Evaluation of Licensee’s Program for Qualification of Electrical Equipment
Located in Harsh Environments,” which is also used by the NRC auditors and inspectors.

The supplemental checklist is included as a means of demonstratmg corl'\pleteness in
qualification and also serves as a summary, indicating where in the dg(ix/mentatlon file each

parameter/concern is addressed. %\
0 @n& .
2S5 RESPONSIBLE ORGANIZATION (COMPAN%I})IVISION) DESIGNATION

During the evolution and production of the nuclear sgfe%:—related transmitter product line the
responsible organization designations have changed§from Gould Electronics; Gould Inc.,
Measurement System Division; Schlumberger In\qijstrles Statham Transducer Division;
Statham; Gulton-Statham, a Mark IV Company’%and Ametek Aerospace and Power Instruments,
Gulton-Statham Products. Throughout that tlme’/ period, configuration control under 10CFR50,
Appendix B, was applied such that the baSIS\for qualification demonstrated in this qualification
file remains valid to all enveloped transtitter models. An illustration of traceability that the
name changes did not impact conﬂg(ﬁratlon control is the drawing first produced during the
period of qualification testing forgthe PD 3200 and PDH 3200 transmitters Drawing
70006-000-001 (Reference 1;&),,found in Section F. As indicated in Revision E of this Drawing,
the revision was issued in 1987 to reflect a logo change from Gould to Schlumberger.

§©
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NRC CHECKLIST.

CRITERIA:

Meets 10CFR50.49; exceeds DOR Guidelines

COVERED IN EQ DOCUMENTATION: EQ ISSUE

1.

2.

10.

11.

12.
13.
14.
15..
16.

17.

Positive statement in QDR Section A, that the equipment is qualified for its application.
Full description of the equipment in QDR Section A.

If qualification sample is not identical to the installed device, a similarity analysis has been
provided in QDR Section A.

Allowed mbunting methods and orientations in QDR Section A.
Interfaces -- conduit, housing seal, etc., addressed in QDR SectlonJA\Seal etc.

Xo)

A qualified life has been established based upon accelerated mg thermal, radiation,

“cyclic, as appropriate in QDR Sections DR and DA. &

All type tests performed on the same specimen, as d@glbed in Section DA.

Performance /acceptance individual criteria (opegat%n\g time, Parameter Reviews, such as
transmitter accuracy, etc.), addressed in Sectioﬁs\vA and G.-

Test sequence conforms to IEEE 323-74 p\rx/lndlwdual justification has been Parameter
Reviews provided in Section A. &\

Radiation dose covers accident ar@ogmal service in Section DR.

DBE exposure simulation m@s plant requirements:

STEAM\EXPOSURE SECTION DT
TEMPERATURE SECTION DT
@RESSURE SECTION DP
% UMIDITY SECTION DH

De-mineralized water spray simulation performed when required per QDR Section DC.
Accident environment margins: (See review for each parameter) in Section D.
Submergence Test (if required for application) Section DS.

Test anomalies resolved in QDR Section A.

Applicable IENSs, etc., resolved in QDR Section F.

Maintenance/Surveillance Criteria and Life defined in QDR sections DA, and E.

PAGE A-77



25402-011-v1C-JQ08-00001-001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION
REVIEW PACKAGE
FOR
AMETEK AEROSPACE GULTON-STATHAM PRODUCTS

NUCLEAR QUALIFIED
PRESSURE TRANSMITTER SERIES ENVELOPING ---

GAGE PRESSURE TRANSMITTER SERIES PG 3’26@
:Q&)
DIFFERENTIAL PRESSURE TRANSMITTER SERL§\PD 3200
DIFFERENTIAL HIGH PRESSURE TRANSMIT\TE%ZSERIES PDH 3200
DRAFT RANGE PRESSURE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM SEAL DIFFERENTIAL P«ROEQSVSURE TRANSMITTER SERIES PD 3218
' N
REMOTE DIAPHRAGM SEAL DIFFERENTIA\L @HZPRESSURE TRANSMITTER SERIES PDH 3218

o)

)

N

QQ
%() SECTION A

TABLES
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GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

A

TABLE A1

PD 3200 & PDH 3200 SPECIFICATIONS |

Functional Specifications - Span Etror

Classification . NEMA3,4,6,7,8

. Temperature Limits Material

) S
- Storage - 65° 10-+200°F (-54° 1o +33°C) « Pressute Retaining
- Operation, Electronics +40° to +180°F (+5° to *B""C’\\ Components

- DBE, Electronics
- Maximmurn Process O-ngs

+40° 1o +250°F {+5° to 0122’0)
- Fill Fluid

< $0.2% of calibrated span

Service Liquid, gas or vapor (both zero and span erars can
be comected for a parbcu!av line .
Range Limlts - . pressure)
Adjustable PD3200 )
- 0-20t0 0-100° H.O Overpressure Etfect < 12% of the upper range limit for
. 0-40 to 0-200° Hzo ' ' ,  Overpressure events less than
" 08010 0-400* H.G E the static pressure rating of the
o transmitter -
PDH3200
0-6 10 0-30 psid - Power Supply Efect” *0.01%/V of power suppty varnation
0-20 to 0-100 psid . :
0-60100-300 psid . Load Effect No effect i power supply vollage
0-200 to 0-1000 psid : remains in operaling region
Output 420 mA, maximum30ma - Mounting Position
(limited) Effect ug lo\a L0 (0.5 kPa) zero shift
. . (perpendlcular fo diaphragms -
Power Required 12 10 55V DC as measured at (corrected by zero adjustment). -
. transmitter (reverse polarity % Nb effect in plane of diaphragms;
: protected) no span effect
Enclosure e

P\h ysic aIDSpeculcatlons
Ig of Construction

316SS

+40° 10 +250°F {+5° to olZZ"CN Process Connections 1/4" NPT on 2-1/8° centers

VitonA - -

" . Silicone ot DC-702

. Do V)
3000 psig (20 7 MPa) e{enher
connection mthcm damage to -
transmitter' 3 sys(em fot all ranges
100" H O, (2000 DSlg)

- Statlc Pressure Limits

Humidity 0-1 00%
- "Zero Elevntlon -100% of Upper range limit

Zero Suppms@&%‘% of upper range fimit

NOTE: Sum ol i span and elevation or suppression cannot
exceed the: upper or Iower range limit.

QP@rmance Specufncations
(%, of Upper Range Limit)

=

< £0.25% of calibrated span,

Accuracy <
including linearity, hysteresis
and repeatability
- Stability <10.25% of upper range limit/6
: " months
Dead Band Nona

Temperature Effect < +1.5% between 40° and 250°F

(+5° 10 +122°C) at max span

Static Pressure Effect
-Zero Emror . < 20.5% of upper range limit/
: : 1000 psi (6.9 MPa)

SPECIFICATIONS

\\NOTE Performance is based on PO/PDH3200 with 316-
\SS diaphragmes, silicona oil DeC-702, reference conditions. _

- Electronics Housing. 316SS
- Electrical Termination

Leads . Kapton insulated 16-gage -
stranded, Polyurethane potting.
Yellow/white = negative;
Black = positive; Green = ground
- Junction Box Epoxy ooa!ed aluminum

Electrlcal Connectlons 3/4' NPT

NOTE: Consult factory for additional options

Welght )
- PD/POM3200 11.11bs (5.1kg)
- Mounting Bracket . 2.01bs (0.9%g)
- Junction Box 231bs{1.1kg) .
Cahbrahon

Transmitters are 1ac10ry-¢alibrated from zero to the
maximum range unless specified otherwise when order is

placed.

Tagging

Transmitters will be identified in accordance with customer
requir (15 char ). Stamped on -
cafibration cover. OPTIONAL 31653 tag wired to
transmitier.
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GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REF"ORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

_ TABLE A2
PD 3200 & PDH 3200 MODEL CODE
(AS OF MAY 1996 - CONSULT FACTORY FOR CURRENT MODEL CODE)

3200 Code Description

‘'SERIES Model PD3200/PDH3200
Nuclear Service Qualified
Differential Pressure Transmitter

Range
PD3200 .
100 . 0-20100-100"H O

200 0-40 o 0-200° H, ‘o
400 0-80 10 0-400" H O

‘PDH3200 o
030 0-6 to 0-30 psid : N
- O

100 0-20 to 0-100 psid
300 0-60 to 0-300 psid
0iM 0-200 to 0-1000 psid ] 2N

7
- Pressure Flange Conhguralion/}&

3000 psi SWP with open po ns\\_/

3000 psi SWP with 31655 plugs

3000 psx SWP with 316SS drainivent valves
3000 psi SWP with Swagelok™ (Welded)

K S
Electrical Termination

2 Na leads 36° long, 3rd wire ground . * -
Fac!ory mounting of electrical accessory -
0 C/ {(e g. Nuclear Junction Box)

\\\\/

: \ Pressure Retaining Parts

Twow;

ORDERING

5
- ,«—\{) Pressure Plugs or
\\Q) S Flanges Vent/Drain Diaphragms
’ {i\ 22 316§ 316SS 31655
<O> > : " Bolts  Fill Fluid
™ . : 31658 Silicone Oil DC-702
4 » , :
\Q : : Accessories (Mbunted) ‘Electrical
X@J XX - None
N == : : 36 Nuclear Junction Box
\ ) Accessorles
’ (Unmounted) ‘Mechanical
None
) Selsmsc Mounting Bracket N2, order separately
o - [0 ] - [« ] - [=]- fﬁ [Jg

(Typical Modet Number) .
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GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

TABLE A3
PD/PDH 3218 SPECIFICATIONS

SPECIFICATIONS

Functional Specifications Static Presaura Etfect -
Service Liquid, gas or vapor - Zero Ervor ~<11.0% at max span/1000 psi
(6.9 MPa}
Range Limits - - Span Emor < 10.2% of calibrated span
Adjustable PD3218 {both span and zers errors can
0-20 10 0-100° K,0 ~ be comected for a particular tin
0-40 10 0-200° H,O prassure)
0-80 t0 0-400" H . . .
° :0 Pawer Supply Effect < 0.01%A/ of power supply
PDH3218 variation .
0-6 1o 0-30 psid § .
0-20 10 0-100 psid Load Effect No eflect if power supply voltage
0-60 to 0-300 psid remains in operating region -
0-200 to 0-1000 psid B . o
Output 4-20 mA, maximum 30 mA Physical Specifications
(lmiteg) Materlats of Construction
: ) Transmitter =~
Power Required 12 o 55V DC as measured at - Wetted Parts ( Paddle; Diaphragm
transmitter (reverse polarity GSS 31685
" protected) . \in_e_me! Inconel.
- . - Fill Fluid Silicone oil DC-702, 45 CST
Load Limitations See specification chart Specific umvity= 1.07-
peciicaton c * - Elec(ro/nm Hqustng 316SS -
Enclosure Electmab‘!’enmnabon o
Classlfication Leads Kapton insutated 16-gage

NEMA3, 4,6,7,9
Zero Elevation - -100% of upper range fimit
Zero Suppression +B80% of upper range limit

NQOTE: Sum of span and elevation or suppréssion@r&
exceed the upper or lower range limit, v O

31688 diaphragms, silicona oil DC-702 refecernce
conditions.

\_\; Junction Box

stranded, Polyurethane potting.
Yellow/while = negative,

Black = positive; Green = ground
Epoxy coated aluminum.

Electrical Connectlons /4" NPT

Weight _
Temperature Limits « - PD/PDH3218 5.7 Ibs (2.6 kg)
Trangmitter 0\\ - Mounting Bracket 3.5 Ibs (1.6 kg)
- Storage 65 10 +200°F (58 10 493°C) - dunction g':’: 23mbs ('fh"gi) ok
- Operation, Electronics +40° to: H10°E, (+5° 10 +82°C). N c:m:’ @ Tab? PP gak ( 5%) ; .
+40°40 4250°F (+5° 10 4122°C) Capilary Tubing (-3 kg) per 5 fl. Incremen
- Maximum Process  +40%t0°¥600°F (+5° to +315°C) .. :
' Pt Specification Chart - Load Limitation
Static Preasure.ldmlts\ZOOO'psig (13.8 MPa)} at 100°F, 5
at either connection without g 2500
darnage to transmitter system: bt 2150
System limited by flange rating g 2000 | OHus
& (i.e. 150, 300 or 600 psig) . g 1500 }
NOTE.SAIT\gysfems tasted tG 1.5 times static pressure fmi. ; 100 &
s0 F
&mldlw 0-100% RH E g
< \Q 5 0] 20 0 4. 50 SVOC
" 12V DC (iN) (MAX)
\Performance Speclf' cations : SUPPLY VOLTAGE (V0C)
© (% of Upper Range Limit)
NOTE: Performance is based on PO/PDH3218 with Calibration

Transmitiers are factory-calibrated from zero to the
maximum range unless specified otherwise when order is

Accuracy <0.25% of calibrated span, placod
including linearity, hystsrests and
repeatability Tagging
Repeatability <10.1% at maximum span -1;r:n‘smmets “gl:: darj?ﬁed " acoor;jasn;emv;:hd z;:stomer
req 44 n,
Stabltity < $0.25% of ¢ range imive calibration cover. OPTIONAL: 316SS tag wired to
moaths transmitter.
Deoad Band None
Temperature Effect < +1.5% from 40° 10 250°F

(+5° to +122°C) at max span
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TABLE A4 _
PD/PDH 3218 MODEL CODE
(AS OF MAY 1996 - CONSULT FACTORY FOR CURRENT MODEL CODE)

3200 Code Description

SERIES Mode! PD3218/PDH3218
Nuclear Service Qualified _
Differential Pressure Transmitter with Remote Diaphragm Seals
Range
PD3218
100~ 0-20100-100°H,0
200 0-40 10 0-200" H,O
400 0-80 fo 0-400° H;O . :
PDH3218 @
030 0-6 to 0-30 psid
100 0-20 to 0-100 psid -0 ©
300 . 0-60100-300 psid \
- r 0iM 0-200 to 0-1000 psid 2N

Connection Size {Pressure Rating)& =4

3 3°, 150, 300 & 600 class ANS‘IR @ )

Electrical Termination

2 3 leads, 36" long, 3rd wire ground
. 8 Factory mounting:of electrical accessory
{e.g. NuclearJunction Box)

U Ny
Presst(x\l@\ I-Le,tglnlng Parts

> O Paddie Diaphragm
),\ 316SS 31658 .
<2

Inconel Inconel

—
el

Qs - |
) Fill Fluid

C)\\ [2 Siticone Oil DC-702 [
< — - -

% % Accessories (Mounted) Electrical ;
N

XX None
36 Nuclear Junction Box

Accessories
{Unmounted) Mechanical

x Seismic Mounting Bracket N3, order separately

D

Al

ORDERING

Caplllary Length

05 5' (standard)
: In 5' increments {maximum
40' each side)
NOTE: Both sides must be equal length

(e o o] [ s} e ]

(Typical Mode! Number)
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SPECI FICATIONS

\\Rgpeatablllty

TABLE A5

DR 3200 SPECIFICATIONS

Functional Specifications
Service Liquid, gas or vapor

Range Limits -

adjustable DR3200
0-1"t0 0-5° H,0
Output 4-20 mA, maximum 30 mA

(limited}

1'2 to 55V OC as measured a!
transmitter {reverse polarity
protected)

Power Required
Load Limitations See specification chan

Enclosure

Classlflcation NEMA3,4,6,7,9

Temperature Limits

- Storage - B5° 10 +200°F (-54° 10 +93°C)
- Operation,

Electronics +40° to +180°F (+5° 10 +82°C}
- DBE, Electronics +40° 10 +155°F (+5° 10 +68°C)

- Maximum Process  +40° 10 +250°F (+5° 10 +122°C)

Statle Pressure Limits 10 psig (0.07 MPa) at either
connection without damage 1o
transmitter system

Humidity 0-100% RH |

-60% of upper range imit

SN

+60% of upper range h it

Zero Elevation
Zero Suppression

NOTE: Sum of span and elevation of, suppress:an cannot
exceed the upper of lower range, hm/N

Performance S@mcahons
(% of Upper Ranga lel{)\
NOTE: Performance is based on DR3200 with 3165S
diaphragms, siticond'oit of DC-702, reference conditions
Accuracy y < 30.25% of cafibrated span,
including linearity,hysteresis and
@ repeatability

< $0.1% at maximum span

< 10.5% of upper range limit/6

Neusity

months
Dead Band None
Temperature Effect < 2% from 75° lo 155°F
. {+24° 10 +68° C) at max span
Power Supply EHect < 0.01%N of powet supply
: variation
Load Effect No effect if power supply voltage
remains in operating region
Mounting Position
Effect Up to 1.5° H,0 (0.4 kPa} zero

shift perpendicular 1o diaphragms

{corrected by zero adjustment).

No effect in plane of diaphragms;

_hospen eftect

@ :

TOTAL LOOP RESISTANCE (OHMS)

Physical Specifications
Materials of Construction
- Pressure Retaining

Components 316SS
- Process Connections 1/4°- NPT on 2-1/8" centers
- O-Rings Viton A
- Fill Fluid Silicone oit DC-702

- Electronics Hous:ing 31658
- Electrical Termination

Leads Kapton Insulated 16-gage
stranded, Potyurethane potting.
YellowAwhite = negative;
Black = positive; Green = ground
- Junction Box Epoxy coaled aluminum

Electricat Connections 3/4° NPT

" Welght
- DR3200 14:Flos (5 1 kg)
- Mounting Bracket < Q Ibs (o 9 kg)
- Junction Box 23 lhs (1.4 kg)

Speciﬁ(c/a{ign Chart - Load Limitation

Y .

2500
SR 2150
20007 OHMS
\‘soo +
1000 | " OPERATING
REGION
50
. PP )
6] 20 3 40 50 SSVODC
12V DC (MIN) (MAX)
SUPPLY VOLTAGE (V 6C)
. o
Calibration

Transmitters are factory-cafibrated from zero to the
‘maximum range unless specified otherwise when order is .

placed.

Tagging

Transmitters will be idantified in accordance with customer
requi s (15 ch 3 imum}. Stamped on
calibration cover, OPTIONAL: 316SS tag wired to
transmiter,
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TABLE A6

DR 3200 MODEL CODE _
(AS OF MAY 1996 - CONSULT FACTORY FOR CURRENT MODEL CODE)

3200 Code Description

SERIES | [ ModelDR3200

Nuclear Service Qualified
Draft Range Pressure Transmitter

- Range

005

DR3200

0-11t0 05" H,0

Pressure Flange Configuration

&

0
1
2

Open ports

AN
N

ORDERING

316SS plugs
316SS drainvent valves Q
<
A

Electrical Terrninati\o&

~v
8 Factory mounting of electrical accessory

{e.9. Nuclear Junction Box)

Q)
Q@< :

N \w

Pf{qss@re Retaining Parts

@v Pressure Plugs or

> 22 316SS 316SS

Bolts Fill Fluld
316SS Silicone O

o

Flanges Vent/Drain Diaphragms

316SS

il DC-702

Accessories (Mounted} Electrical.

LSG Nucfear Junction Box

Accessories
(Unmounted) Mechanical

XX None

Seismic Maunting Bracket N2, order separately
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TABLE A7
PG 3200 SPECIFICATIONS

Functional Specifications Physical Specifications
Service Liquid, gas or vapor Materlals of Construction
« Diaphragm 316SS
Range Limits - - Fill Fluid Silicone oi! DC-702
Adjustable PG3200 - Pressure Retaining :
0-20 10 0-100 psi Components 316SS
0-40 to 0-200 psi - Process Connections 1/4* NPT
0-100 to 0-500 psi - Electronics Housing  316S$
0-200 to 0-1000 psi - Electrical Termination
0-400 10 0-2000 psi teads Kapton insulated 16-gage
0-1000 to 0-5000 psi stranded, Polyurethana potting.
Yallow/white = negative;
Output 4-20 mA, maximum 30 mA Black = posliive; Green = ground
) (timited) - Junction Box Epoxy coated aluminum
N
Power Required . 1210 55V DC as measured al Electrical Connections 3/4* NRT
' transmitter {reverse polarity f\\
g protected) NOTE: Consult factory for ddditional options
Load Limitations Sea specification chart N
Woight
Enclosure - PGazoo((ﬁ 4.41bs (1.8 kg)
Classification NEMA 3,4.6,7,9 . Moupting Bracket 2.0lbs (1.0 kg)
) ~Jundlio-Box» 2.31bs (1.1 kg)
Temperature Limits . : V(J
- Storage =65° to +200°F (-54° to +83°C)

- Operation, Electronics +40° to +180°F (+5° 10 +82°C) ege . o e s
-DBE, Electronics ~ +40°104250°F (+5° to +122°G)  SPecification Chart - Load Limitation

- Maximum Process +40° 10 +250°F (45° t0 4122°C)\ &
SN £ o
i i - e 2150
Overpressure ‘ 1.5 times upper range fimit § 2000 | 01“ s
Humidity " 0-100% RH 0 2 s0 |
@
Volumetrlc > 0 g 100 p CREaIon
Displacement Less than'0 001 (0.0164cc)  § s |
Zero Elevation To fulvatyum 2 * W 20 2 w w0 svoc
g 12¥ DC AN wAx)
Zero Suppression »80%7\%1 tull range SUPPLY VOLTAGE (V DC)
NOTE: Sum ot spéft andstppression canvot exceedihe ™~ o
upper rangaimit.) "\ Calibration
Y . Transmitters may be calibrated with absolute (psia) or gage
o C ege - (psig) refecence. If calibralion is not spacified when order is
Petformance Specifications placed, transmitters will be cafibrated for maximum span
(% of Full Range) : with gaga referance {psig).
Accuracy < $0.25% of calibrated span,
) ™ including linearity, hysteresis and .
N\ repeatabifity Tagging ,
= ) Transmitters will be idontified in accorddnca with customer
N Stability < 10.25% per 6 months requirements (15 character maximum). Stamped on

oo calibration cover. OPTIONAL: 316SS tag wired to
Temperature EHHects < £1.5% between 40° and 250°F , transmitter.

(+5° to +122°C) at max span
Power Supply Effect < 0.01%/V ot power supply
variation
Load Effect No effect If powor supply voltage

remains in operating reglon

Overpressure Effect <0.25% after overpressure

SPECIFICATIONS i
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PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

TABLE A8
PG 3200 MODEL CODE

(AS OF MAY 1996 - CONSULT FACTORY FOR CURRENT MODEL CODE)

3200

SERIES

ORDERING

Code Description

Model PG3200
Nuclear Service Qualified

Sealed Gage Pressure Transmitter

PG3200

100 0-20 to 0-100 psi
200 0-40 to 0-200 ps!
500 0-100 to 0-500 psi -
o1M 0-200 to 0-1000 psi
02M 0-400 10 0-2000 psi
OSM 0-1000 to 0-5000 psi

SO

O\U

Pressure Port Configuration A
7 » Open ports ~
8 With Swagelok™ (Welded) I\ (@ﬂx

. N

~)

Electrical Termination

2 3 leads, 36%long, 3rd wire ground
8 Factory mpunting of efectrical accessory
{e.g,.Nyclear, Junction Box)
o

© @;uw ‘Retaining Parts

<< \\7 Pressure

Cap Dlaphragm  Fill Fluid
{i 3 > Silicone Oil
316SS 316SS pc-702

S

Accessories (Mounted) Electrical

XX None .
35 Nuclear Junction Box

_m@

Accessories

{Unmounted) Mechanical

(Typical Mode! Number) »

% > ' XX None
) Seismic Mounting Bracket N1, order separately
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- TABLE A9
PD/PDH 3200, PD/PDH 3218*, DR 3200* TRANSMITTER SUMMARY
OF ACCURACY DEMONSTRATED FOR ENVIRONMENTAL QUALIFICATION
SEISMIC QUALIFICATION

ENVIRONMENT / INFLUENCE , FUNCTIONAL PERFORMANCE
QUALIFIED LIFE (THERMAL AGING AND MAXIMUM INACCURACY (ACCURACY) OF XXX:
CYCLE AGING)
RADIATION (33 MRADS T.I.D.) MAXIMUM INACCURACY (ACCURACY) OF XXX OF UPPER RANGE LIMIT (SEE NOTE 3)
RADIATION (55 MRADS T.1.D) MAXIMUM INACCURACY (ACCURACY) OF XXX OF UF\!EER RANGE LIMIT (SEE NOTE 3)
SRV VIBRATION AGING MAXIMUM INACCURACY (ACCURACY) OF:X’\\X\X>8>F UPPER RANGE LIMIT.
OBE EXPOSURE (DURING EXPOSURE) MAXIMUM INACCURACY (ACCURACY)%}\XJXX OF UPPER RANGE LIMIT.
FOR DR 3200, CONSULT FACTORY'
OBE EXPOSURE (POST-VIBRATION) MAXIMUM INACCURACY (ACCURACY) OF XXX OF UPPER RANGE LIMIT.
SSE EXPOSURE (DURING EXPOSURE) MAXIMUM INACCURACY‘(AéCURACY) OF XXX OF UPPER RANGE LIMIT.
: FOR DR 3200, FOR THE MAXIMUM INACCURACY CONSULT FACTORY
SSE EXPOSURE (POST-VIBRATION) MAXIMUM INACC"UE\CY (ACCURACY) OF XXX OF UPPER RANGE LIMIT.
. HELB EXPO_SURE’;" T MAXIMUM INI(\'(C/CI}RACY (ACCURACY) OF XXX OF UPPER RANGE LIMIT.

_ o XQ@
NOTE: (& )
M All percentage values are calculated@egcent of maximum span in lieu of less conservative maximum

absolute URL or FS value. @&

(2) Refer to Section B for summary of Qualification exposure required (i.e. values of temperature, radiation,
pressure, etc.) and detalls\f\Sectlon D for Qualification Demonstrated. :

(3) All test data avallabl§|nd|cates an inaccuracy of less than XXX% even at total dose rate exposure up to
XXX Mrads/hour. Hewever, for dose rates above XXX Mrads/hour to XX Mrads/hour, the inaccuracy is
considered to be up t0 + XXX% to reflect worst case error of XXX% error reported in Reference 60.

*Primary basis of qualification is the complete sequence of testing for the PD 3200 modél.
**Designated as LOCA “A” in the qualification plan, but intending to meet a high energy line break event which

may include a LOCA event, but is expected to envelop all outside drywell and PWR containment events at a
representative plant.
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TABLE A10 ,
PG 3200 TRANSMITTER SUMMARY OF ACCURACY DEMONSTRATED
FOR ENVIRONMENTAL QUALIFICATION |

& SEISMIC QUALIFICATION
ENVIRONMENT / INFLUENCE . FUNCTIONAL PERFORMANCE
QUALIFIED LIFE (THERMAL AGING AND MAXIMUM INACCURACY (ACCURACY) OF XXX% OF UPPER RANGE LIMIT
CYCLE AGING) ) .
RADIATION (33 MRADS T.I.D.) MAXIMUM INACCURACY (ACCURACY) OF XX% OF UPPER RANGE LIMIT (SEE NOTE 3) .
RADIATION (55 MRADS T.1.D) MAXIMUM |NACCURACY (ACCURACY) OF XX% OF }J/B}\’Eﬁ RANGE LIMIT (SEE‘NOTE 3)
SRV VIBRATION AGING - MAXIMUM INACCURACY (ACCURACY) O{E/Xg?\(%\%F UPPER RANGE LIMIT
OBE EXPOSURE (DURING EXPOSURE) - MAXIMUM INACCURACY (ACCURAC(Z{‘{);:O\\I\::\,\\XJ)/(/X% OF UPPER RANGE LIMIT
OBE EXPOSURE (POST-VIBRATION)  MAXIMUM INACCURACY (ACCH!%ZS\%\;)&(;F XXX% OF UPPER RANGE LIMIT
SSE EXPOSURE (DURING VIBRATION) MAXIMUM INACCURAC&(A\&Q\L\]%;&}CW OF XXX% OF UPPER RANGE LIMIT
SSE EXPOSURE (POST-VIBRATION) MAXIMUM INACCURACY (A\C?gURACY) OF XXX% OF UPPER RANGE LIMIT
HELB EXPOSURE** MAXIMUM INACE_Q%E}/{ACCURACY) OF XXX% OF UPPER RANGE LIMIT

&a/&v
o (7
NOTE: @ '

(1) All percentage values are calculated |n<5<;;cent of maximum span in lieu of less conservative maximum.
absolute URL or FS value.

(2) Refer to Section B for summary-gf Qualification exposure required (i.e. values of temperature, radiation,
pressure, etc.) and details of\S"ection D for Qualification Demonstrated.

(3) YAII test data available@@fes an inaccuracy of less than XXX% even at total dose rate exposure up to
XXX Mrads/hour. Hlewever, for dose rates above XXX Mrads/hour to XXX Mrads/hour, the inaccuracy

is considered to be up to tVXXX% to reflect worst case error of XXX% error reported in Reference 60.

**Deéignated as LOCA “A” in the qualification plan; but intending to meet a high energy line break event which
may include a LOCA event, but is expected to envelop all outside drywell and PWR containment events at a
representative plant.

TABLE PAGE A-11



25402-011-V1C-JQO8- 00001 -001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

TABLE A11
REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY
ENGINEERING INFORMATION -- INITIAL BASELINE

TRANSMITTER OUTPUT -- VOLTS

PRESSURE : _ SIN XXXXX
‘INPUT, %FS
1ST RUN SIN XXXXX LINEARITY HYSTERESIS | REPEATABILIT
Y
0 XXXX XXXX% XXXX% . XXXX%
20 X XXX XXXX% X XXX% @;\xxx%
— O3
40 X XXX XXXX% XXXX% o XXXX%
. . 72N
60 X XXX XXXX% X. xxx"/ap XXXX%
80 XXX X.XXX% W50 xxx'y ' X.XXX%
100 XXXX XXXX% \ XXX% XXXX%
N .
- 80 X XXX -0%\ XXXX%
p )
60 XXXX N ()/\\\ XXXX%
"2
40 XXXX > : XXXX%
A, Pal
XS
20 XXXX {( N\ X XXX %
S
0 xxxx ) ‘ XXXX%
< ,
2ND RUN /A{QM
AN
0 X30xx X XXX% XXXX%
N
20 JON XXXX XXXX% XXXX%
S :
40 \() X XXX XXXX% XXXX%
60 @ X.XXX X.XXX% X.XXX%
80 . X XXX XXXX% XXXX%
100 XXXX XXXX% X XXX %
80 COXXXX
60 X XXX
40 X XXX
20 XXXX
0 X XXX
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REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY

TABLE A11

ENGINEERING INFORMATION -- INITIAL BASELINE

(Continued)

TRANSMITTER OUTPUT -- VOLTS

PRESSURE . SIN XXXXX -
INPUT, %FS
1ST-RUN SIN XXXXX LINEARITY HYSTERESIS | REPEATABILIT
Y
0 X XXX XXXX% . XXXX% XXXX%
.20 X XXX X XXX % XXXX% @xxx%
\>
40 XXXX XXXX% XXXX% © \) XXX%
60 X XXX X XXX % X XXX o@ X XXX%
80 X.XXX X.XXX% ¥.¥¥X/I;/o\ X.XXX%
N
100 X XXX XXX% | 00K% X XXX%
80 X XXX A& k X XXX%
) D)
60 X.XXX _ ,\_@%\ XXXX%
[~ )
40 X.XXX ) X.XXX%
NS/
20 X XXX {( N _ X. XXX %
0 X.XXX (( )w ’ X.XXX%
=N : °
S
2ND RUN A{(U
o
0 XXX X XXX% XXXX%
y v
20 SO\ XXXX X.XXX% XXXX%
40 \(C \)% X.XXX X.XXX% X.XXX%
GOS X.XXX X.XXX% X.XXX%
80 X XXX X.XXX% XXXX%
100 X XXX X.XXX% XXXX%
80 X.XXX
60 X.XXX
40 X.XXX
20 X XXX
0 X XXX
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REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY

TABLE A12

ENGINEERING INFORMATION -- FINAL BASELINE

TRANSMITTER OUTPUT -- VOLTS

PRESSURE SIN XXXXX
INPUT, %FS
1ST RUN SIN XXXXX LINEARITY  |. HYSTERESIS | REPEATABILIT
Ty
0 X.XXX X.XXX% X.XXX% X XXX%
o/ o x P o -
20 X XXX X XXX% XXXX% [N XXX %
N\
a0 X XXX XXXX% XXXX% '?&/ XXXX%
60 X XXX X XXX% X, x;(xg,\ | xxxx%
- N\ d)
80 X.XXX XXKX% [ XXKK% X XXX%
‘\\
100 X.XXX XXXX%  f XXXX% X XXX%
S s\ »
80 X XXX RO X XXX%
60 X.XXX %(\G@ X XXX %
pN4
40 XXXX j%@ XXXX%
)
20 XXXX 7 \x X XXX%
NV
0 X XXX (\\ g XXXX%
2ND RUN 0\
0 5x Sexx X XXX% X XXX%
20 \X\x XXX X XXX% X XXX%
4\o§\\ XXXX X XXX% X XXX %
8o N X XXX X.XXX% X.XXX%
80 X XXX XXXX% X XXX%
100 X XXX X XXX% X XXX%
80 X.XXX
60 X XXX
40 ‘X.XXX
20 X XXX
0 X.XXX
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| TABLE A12
REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY
ENGINEERING INFORMATION -- FINAL BASELINE

(Continued)
PRESSURE ' SIN XXXXX
INPUT, %FS ’ - '
1ST RUN S/N XXXXX LINEARITY HYSTERESIS | REPEATABILIT
' Y
0 X.XXX X.XXX% X XXX% X XXX%
20 " XXXX XXXX% X.XXX% _XXXX%
: : . oS
40 X.XXX X.XXX% XXXX% | mNXXXX%
60 X XXX X XXX% X XXX% p§§)/ X XXX%
—C=;
80 X. XXX X XXX% xxxxm/\\g X XXX%
~ 4
100 X.XXX X XXX% X XXX % X.XXX%
N N
80 XXXX ! = X.XXX%
60 XXXX {(% i\ ' XXXX%
S
40 XXXX %%> X XXX%
N
20 X.XXX o(\@» X.XXX%
0 XXXX ] &\ X XXX%
\|
2ND RUN ((\\*\%
—
0 oo X XXX% XXXX%
N
20 Xxxx X XXX% X XXX%
TN
a0 \g\ X.XXX X XXX% X XXX%
60 \&» X.XXX X.XXX% XXXX%
T
—.
B0\ X.XXX X.XXX% X XXX%
100 X.XXX X XXX% X XXX%
80 X.XXX
60 X XXX
40 X.XXX
20 X XXX
0 X XXX
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REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY

TABLE A13

ENGINEERING INFORMATION -- INITIAL BASELINE

TRANSMITTER OUTPUT -- VOLTS

PRESSURE

SN XXXXX
INPUT, %FS
1ST RUN SIN XXXXX LINEARITY HYSTERESIS | REPEATABILIT
Y
0 X XXX X.XXX% X.XXX% XXXX%
20 X XXX X XXX% X.XXX% @xxx"/.,
\)
40 X.XXX XXXX% XXXX% © \) XXXX%
60° X.XXX XXXX% X. XXX%C%) XXXX%
80 X.XXX X XXX% X )g)gx/‘;/., X.XXX%
100 X.XXX X.XXX% \x\s.;(xx'% X XXX%
80 X.XXX A \ XXXX%
60 XXXX @\\ d X.XXX%
&
. 40 X.XXX (§\9 XXXX%
20 X XXX {(\\/ XXXX%
RON
0 XX S )) XXXX%
- Y
2ND RUN A{(U
o
0 e, XXXX% X.XXX%
y v
20 ((\x.xxx X XXX% X XXX%
40 \\()% X.XXX X XXX% X.XXX%
TN
so\@ X.XXX X.XXX% X.XXX%
80 X.XXX X.XXX% X.XXX%
100 X.XXX “XXXX% XXXX%
80 X XXX
" 60 X XXX
40 X.XXX
20 X.XXX
0 X.XXX
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TABLE A13 ,
REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY
ENGINEERING INFORMATION -- INITIAL BASELINE
(Continued)

TRANSMITTER OUTPUT -- VOLTS

PRESSURE - ' S/N XXXXX
INPUT, %FS :
1ST RUN SIN XXXXX LINEARITY HYSTERESIS | REPEATABILIT
Y
0 X.XXX X.XXX% XXXX% X.XXX%
20 X XXX X XXX% X.XXX% Ldoxs
> JOX
40 X XXX X XXX% X XXX% Q\) X.XXX%
CaS )
60 S XXXX X.XXX% X X% ) XXXX%
80 X.XXX X.XXX% b )5>§x/‘;<, X.XXX%
100 X XXX X XXX % \)Q/XXX% X.XXX%
3y
80 } X.XXX A& k XXX %
60 X.XXX ()\\ d X.XXX%
: 7
40 X.XXX fs\? X.XXX%
20 X.XXX @‘\\/ X.XXX%
O
0 XXxx S ) X.XXX%
2ND RUN A{(@
Rl
0 XXXX X XXX% XXXX%
SN XXXX X.XXX% X.XXX%
N )
. 40 \C ) X.XXX X.XXX% XXXX%
60N X.XXX X.XXX% XXX %
80 X.XXX X.XXX% X XXX%
100 X.XXX X.XXX% - X.XXX%
80 X.XXX
60 X.XXX
" 40 X.XXX
20 X.XXX
0 X.XXX
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TABLE A14
REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY
ENGINEERING INFORMATION -- FINAL BASELINE

TRANSMITTER OUTPUT -- VOLTS

PRESSURE SIN XXXXX
INPUT, %FS
1ST RUN SIN XXXXX 'LINEARITY HYSTERESIS | REPEATABILIT
Y
0 X.XXX XXOX% X.XXX% FRXXX%
. - - \‘\\v
20 - X.XXX X.XXX% COXXXX% o @x.xxx*%
=
40 X.XXX X.XXX% xxxz;@% X.XXX%
=4
60 X.XXX X.XXX% Axx;g/e}x XXXX%
W e -
80 X.XXX X.XXX% S XOX% X.XXX %
459 :
100 X XXX XXXX% . XXXX% XXXX%

80 - X.XXX {\\\\3) X.XXX%
60 X.XXX K@ X XXX%
40 X.XXX ;; @ X XXX %
20 X.XXX \\\ X.XXX%
0 XXX% @ N X XXX%
'2ND RUN @ \

0 f\\é‘x.xxx X.XXX% X.XXX%
\\\Q
20 AR XXxx C XXXX% XXXX%
N\ 4 »
2 X.XXX X.XXX% X.XXX%
60 > XXXX X.XXX% X XXX%
8. X.XXX X.XXX% X.XXX%
100 X.XXX X.XXX% X.XXX%
80 XXXX
60 X.XXX
40 X.XXX
20 S XXX
0 X XXX
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' ’ TABLE A14
REPRESENTATIVE DATA FOR PG3200 TRANSMITTER REPEATABILITY
ENGINEERING INFORMATION -- FINAL BASELINE
(Continued)

" TRANSMITTER OUTPUT -- VOLTS

PRESSURE SIN XXXXX
INPUT, %FS
1ST RUN S/N XXXXX LINEARITY HYSTERESIS | REPEATABILIT
Y
0 X.XXX XXXX% X XXX% ARXXX%
‘ NS
20 XXXX XXXX% XXXX% /(\\x.xxx"/.,
NN
40 X.XXX X.XXX% XXXXBA> X XXX%
. <N &
60 X XXX X.XXX% XX X.XXX%
NN
80 X.XXX X.XXX% R KXHX% X.XXX%
~/ .
- 100 X XXX COXXX% N\ XXXX% XXXX%

80 - XXXX /A\'J\\ D ‘ X.XXX%
57
60 X.XXX . w _ XXXX%

S
40 XXXX P ) X.XXX%

20 X.XXX \NY X.XXX%
A

Q( =
0 X. XXX ©\ g X.XXX%

Al

2ND RUN (O) \

N :
0 AEKXXX X.XXX% XXXX%
\“
20, RN XXXX X.XXX% X.XXX%
N/

4%\& X.XXX XXXX% X.XXX%
60 XXX XXXX% XXX Y%
80 X.XXX XXXX% X XXX %
100 X.XXX X.XXX% X.XXX%
80 X XXX
60 X.XXX
40 TOXXXX
20 X XXX

0 X.XXX
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TABLE A15
P3200 MODEL CODE DESIGNATIONS USED DURING SUPPLY OF
" NUCLEAR SAFETY-RELATED P3200 SERIES TRANSMITTERS

PD/PDH 3200 TRANSMITTER SERIES (Supplementing Table A2)
PD/PDH 3200 AA--_BC--_DD-- EE- XX A

AA = RANGE CODES; same as in original units provided
B = PRESSURE PORTS; included:
-0 2000 PSI SWP with open ports
-1 2000 PSI SWP with 316SS plugs '
-2 2000 PSI SWP with 316SS drain/vent valves @
-3 4000 PSI SWP with open ports @
4 4000 PSI SWP with open ports \
-5 4000 PSI SWP with 316SS plugs &%
-7 4000 PSI SWP with 316SS drain/vent valveg 0
C = ELECTRICAL TERMINATION; same as in origi inal unlts
DD = PRESSURE RETAINING PARTS; included: Q
-12 316SS caps, 316SS plugs, 316SS dlapQ'\agms C.S. bolts
-22 316SS caps, 316SS plugs, 31688/d|aphragms 316SS bolts
EE = ELECTRICAL ACCESSORIES; same.as (lryorlglnal units provided
XX = MECHANICAL ACCESSORIES; mc#uded
: -N2  Seismic Mounting Bracket (same bracket)
-B4  Seismic Mounting Brackef\(same bracket)
-59  Seismic Mounting Brack@@ame bracket)
Q\v
PD/PDH 321 8nTRANSMITTERS SERIES (Supplementing Table A4)
EDIPDH 3218 AA-- BC-- DD-- EE-- XX-- YY
N |
AA = RANGE CODES; same as in original units provided
B = CONNECTION SIZE; same as in original units provided
C = ELECTRICAL TERMINATION; same as in original units provided
DD = PRESSURE RETAINING PARTS; same as in original units provided
EE = ELECTRICAL ACCESSORIES; included
-36  MA123-3 Nuclear Junction Box
‘ -36  MA136N Nuclear Junction Box
XX = MECHANICAL ACCESSORIES; included
-N3  Seismic Mounting Bracket (same bracket)
-B5  Seismic Mounting Bracket (same bracket)
-56  Seismic Mounting Bracket (same bracket)
-99  Seismic Mounting Bracket (same bracket)
YY =

CAPILLARY LENGTH; same as original unit
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TABLE A15
(Continued)
P3200 MODEL CODE DESIGNATIONS USED DURING SUPPLY OF
NUCLEAR SAFETY-RELATED P3200 SERIES TRANSMITTERS

PG 3200 TRANSMITTER SERIES (Supplementing Table A8)
PG 3200 AA-- BC-- DD-- EE-- XX

RANGE CODES; same as in original units provided

PRESSURE PORTS; included:

-4 open ports Q
-7 open ports . ° @

8 with Swagelok (welded) N
ELECTRICAL TERMINATION; same as in original umts%
PRESSURE RETAINING PARTS; included: Q
-12 - 316SS caps, 316SS plugs, 316SS dlaphrag$n \C S. bolts
-22  316SS caps, 316SS plugs, 316SS d|aphragms 316SS bolts
ELECTRICAL ACCESSORIES; same as in orlglnal units provided
MECHANICAL ACCESSORIES; included;

-N1  Seismic Mounting Bracket (same® Ecket)

-B6  Seismic Mounting Bracket (same\\gracket)

-60  Seismic Mounting Bracket°(s§m/e bracket)

QO

5
o)

X
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TABLE A16
THE SEQUENCE OF SAFE SHUTDOWN EARTHQUAKE (SSE) TESTING
FOR ALL TRANSMITTER MODELS ‘

PLOT MODEL SERIAL NUMBER - HORIZONTAL OR AXIS

VERTICAL
SPECTRUM
1 PD 3218 XXXXX H X-Y
2 v X-Y
3 | ) ' H X-Z
4 v W . X-Z
i XXXXX M
5 PD 3218 H o ((\\ Xz
. N
6 | : X /»\ X-Z
7 - N XY
8 ' \\\/v X-Y
~N
9 PG 3200 XXXXX, XXXXX ¢ ' YZ
OO, XXXXX (@%g

10 N m 7 H Y-Z

11 : N On H XY

12 A{Q\v v X-Y

. 13 PD 3200 Q\\Q)SET 2A a H X-Y
' T ORRXXX, XXXXX
ﬁﬁ \/xxxxx XXXXX

14 \A\\/< i » v XY
15 @/ V W Y-Z
16 \©\> v Y-z
\%W ' (CHANGE BRACKETS)

17 PD 3200 SET 2B H Y-Z
XXXXX, XXXXX
XXXXX, XXXXX
18 v YZ
19 ' v X-Y
20 H X-Y

The Operating Base Earthquake (OBE) testing for Model # PG 3200 was listed as SET #1 (as opposed to
individual serial numbers). Set #1 included Serial Numbers XXXXX, XXXXX, XXXXX, and XXXXX. ~
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GAGE PRESSURE TRANSMITTER SERIES P%@O
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DIFFERENTIAL HIGH PRESSURE TRANSMITTER SERIES PDH 3200
DRAFT RANGE PRESSURE TRANSMI%TER SERIES DR 3200
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"~ FIGURE A1.
PD 3200 & PDH 3200 CROSS-SECTION

— AMPLIFIER

ZERO AND SPAN —,
ADJUSTMENT )
MAGNETS

COMPEHSA'TION—\
BOARD R

ISOLATION —— ¥
DIAPHRAGMS ",

— STRAIN
/ GAGE
BEAM

S oIl AL/ N\
. ’ \\'\'(;

— SENSING
/" DIAPHRAGM

FIGURE PAGE A-2



25402-011-V1C-JQ08-00001-001

N
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PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS
FIGURE A2
PD 3200 & PDH 3200 TYPICAL OUTLINE
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FIGURE A3
PD/PDH 3200, PD/PDH 3218, DR 3200 & PG 3200
’ FIELD CALIBRATION

ZERO ADJUSTMENT

r\ decrease output
)

W/ncrease output

SPAN
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' FIGURE A4A
STRAIN GAGE WHEATSTONE BRIDGE CONFIGURATION
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FIGURE A5A
PD/PDH 3200 WITH BOLT-ON PRESSURE FLANGES

21%]

i
| 1] . )
FIGURE ASB \C

PD/PDH 3200 WITH PRESSURE FLANG\E}S REMOVED -

A(/

%
o

FIGURE ASC '

PD/PDH 3218 WITH CAPILLARY/REMOTE DIAPHRAGM
ATTACHED TO ELECTRONIC TRANSMITTER
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FIGURE A5D
EQUIVALENCY/SIMILARITY BETWEEN THE PD/PDH 3218
& PD/PDH 3200 TRANSMITTERS'

PD2200 PD32(®
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FIGURE A6
PD/PDH 3218 TYPICAL QUTLINE
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FIGURE A7
DR 3200 CROSS-SECTION-
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FIGURE A8
DR 3200 TYPICAL OUTLINE
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FIGURE A9
PG 3200 CROSS-SECTION

Slrain Gage Beam

- Sensing Diaphragm ——\ _
/—— Amplifier

LEI

o)

erami

o
Oxl\l‘@

e
lsolallog laphragm

D

92

etrical Isolalor

%

Insulalor

o

FIGURE PAGE A-11



25402-011-V1C-JQ08-00001-001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS.

FIGURE A10
PG 3200 TYPICAL OUTLINE
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FIGURE A11
PG 3200 FUNCTIONAL TEST+SET-UP
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FIGURE A13 |
DIFFERENTIAL PRESSURE TRANSMITTER FUNCTIONAL TEST SET-UP
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3200 TRANSMITTERS ‘

: FIGURE A14
MODIFICATION TO PRECLUDE OIL LOSS SYN
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(Ilustrated 4 times actual size)
Solid Terminal Pins

Ceramic |
Glass
Bead

(Top View)

DROME IN TRANSMITTER

TRANSMITTER CENTERBODY AND
HEADER ASSEMBLY ILLUSTRATION

Micro
Header

Sputtered
Strain Gage
Sensor

FIGURE PAGE A-16



. 25402-011-v1C-JQ08-00001 -001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1 136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

FIGURE A15 |
REMOTE DIAPHRAGM DIFFERENTIAL PRESSURE TRANSMITTER
FUNCTIONAL TEST SET-UP
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FIGURE A16 '
HELB-LOCA “A” TEMPERATURE PROFILE AND ACTUAL EXPOSURE™
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*Details are discussed in Section D, subsection DT - Parameter Temperature.
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FIGURE A17 _
HELB-INDUCED ERROR (DEVIATION)* FOR PG 3200-100, S/N XXXXX and XXXXX
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*The error or deviation reflects change from before exposure values measured at 125°C.
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FIGURE A18
HELB-INDUCED ERROR (DEVIATION)* FOR PD 3200-200, S/N XXXXX

s@@\
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*The error or deviation reflects change from before exposure values measured at 125°C. -
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FIGURE A19
HELB-INDUCED ERROR (DEVIATION)* FOR PD 3200 -200, S/N XXXXX

PROPRIETARY DATA o)
FIGURE REMOVE;
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*The error or deviation reflects change from before exposure values measured at 125°C.
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" FIGURE A20
PG 3200 LOAD EFFECTS TEST
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FIGURE A21

DIFFERENTIAL PRESSURE TRANSMITTER LOAD EFFECTS TEST
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FIGURE A22
PG 3200 TIME-CONSTANT TEST SET-UP
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FIGURE A23
DIFFERENTIAL PRESSURE TRANSMITTER
TIME-CONSTANT TEST SET-UP
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' FIGURE A24
REPRESENTATION OF TIME-CONSTANT PLOTTING METHOD

Calculate 0 to 63% time constant as follows:
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FIGURE A25 :
ACTUAL POST-RADIATION TIME-CONSTANT RESULTS
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: FIGURE A26
REPRESENTATIVE OVERLOAD, LINE PRESSURE COEFFICIENT (LPC)
& HYDROSTATIC TEST SET-UP ‘
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FIGURE A27 |
LOW INSULATION RESISTANCE LEAKAGE PATHS RESULTING IN
INSTRUMENT INACCURACY

output
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FIGURE A28
INSULATION RESISTANCE VERSUS BEAM ERROR
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FIGURE A29
VALIDATION TEST CONFIRMING CONTINUED HIGH INSULATION RESISTANCE
FOR STRAIN GAGE BEAMS
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REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION.
REVIEW PACKAGE
FOR
AMETEK AEROSPACE GULTON-STATHAM PRODUCTS

NUCLEAR QUALIFIED
PRESSURE TRANSMITTER SERIES ENVELOPING ---

GAGE PRESSURE TRANSMITTER SERIES PG @(h
=

DIFFERENTIAL PRESSURE TRANSMITTER SERIICE//S PD-3200
DIFFERENTIAL HIGH PRESSURE TRANSMITﬂ'E@SERIES PDH 3200
DRAFT RANGE PRESSURE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM SEAL DIFFERENTIAL %R&(l;—.;iSERE TRANSMITTER SERIES PD 3218

REMOTE DIAPHRAGM SEAL DIFFERENTIAL\H@H'PRESSURE TRANSMITTER SERIES PDH 3218
c? .

o
O
QQ SECTION B

RN .
ENVIRO’I\{MENTAL QUALIFICATION, VIBRATION & SEISMIC
QUALIFICATION REQUIREMENTS DEFINITION AND SUMMARY
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This Qualification Documentation Review Section provides the definition of Environmental,
Vibration and Seismic requirements established by Gulton-Statham for conservative enveloping
of the majority of plant locations for the use of PD/PDH 3200, PD/PDH 3218, PG 3200 and DR
3200 Transmitters.

The service conditions considered in the environmental qualification of equipment within the
scope of 10CFR50.49, include both normal conditions (as it relates to potential age degradation)
and Design Basis Accident conditions. “Normal Conditions” are defined as “Those plant
conditions that are expected to occur regularly, including anticipated operational occurrences
(e.g. loss of off-site power), for which plant eqmpment is expected to perform the safety
functions on a continuous and steady state basis.”

The term “Abnormal Conditions” is sometimes used to include deV|at|ons £from Normal
Conditions anticipated to occur often enough at which plate equment t is°designed to operate
for a period of time without operational impairment and without exceedmg the specified deS|gn
limits. This is in fact the conditions enveloped by “Anticipated Opér/atlonal Occurrences.”

“Design Basis Accident Conditions” refers to an operatlng\llm\lt‘to which the equipment may be
subjected without impairment of its safety functions and\peratlonal characteristics.

This Section defines the worst case parameters for«élgallflcatlon during normal and accident
conditions. The traditional eight (8) parameters%f thé IEB 79-01B format of operating time,
temperature, pressure, relative humidity, cherﬁf?al\‘?spray, radiation, submergence and aging are
individually analyzed in Sections DO, DT, I\Q\DH DC, DR, DS, and DA, respectively.

Note: Parameters such as aging (( @fned qualified life) are derived from specific plant
conditions, (e.g. ambient temperat such that plots of various life or aging conditions are
presented in Section DA %

f

§©
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TABLE B1
QUALIFICATION PARAMETER SUMMARY
PARAMETER DESCRIPTION REQUIREMENT MET SECTION
POST-ACCIDENT OPERATING TIME 2360 DAYS DO
ACCIDENT TEMPERATURE SEE FIGURE B1 (LOCA “A”) DT
ACCIDENT PRESSURE SEE FIGURE B1 (LOCA “A”) DP
ACCIDENT HUMIDITY 100% DH
CHEMICAL SPRAY -~ WATER SPRAY DC
RADIATION , >2E07 RADS DR
SUBMERGENCE POST-ACCIDENT SUBMERGENCEA(\C N DS
AGING | 220 YEARS @ 100°F f\@ v DA
VIBRATORY QUALIFICATION & '

SEISMIC FIGURE B2 A

SRV FIG URE\Bz@ A

NOTES: | &@

O A comprehensrve series of capablllt@rves is presented in Sections DT and DA for time-
temperature capability at different a&bl\ent\condltlons

O Referto Tables A and A1 O}for Accuracy Performance of Transmitters.

O Asindicatedin referenced sections above all parameters are met with margin.

%@)
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Temperature °F

Humidity

Pressure (pslg)

~ FIGURE BT
" HIGH ENERGY LINE BREAK REQUIREMENTS DEFINITION*

Al Steam | 100% RH
—l ct —
i
i
[
[ >
- | .
}
. 20— 15 min 20hr {
17.6 7~ , R
15 ! Q
l
10— * { 28 2, cays- @ .
10sec | %
=1 [ 10sec : &
!
{ % 20 Gzys
° ’ @
! .
| "1 GPMIFR2
| Deminerzlized water
00 for 30 hours
260=—--
E)-
2;3_ 14 Y/, days
200- . 34.5 days
1863 T196.3°F |
120+
100+
50+

*The High energy Line Break is mislabeled in the NTS Procedure (528-0994, Section G.1, NTS page 18), as Figure 3, "NTS
Loss of Coolant Accident Simulation System,” rather than Figure 4 “LOCA Profile” as currently defined in the NTS Procedure
(528-0994, Section G.1, NTS page V), Table of Contents. Gulton-Statham attempted to further extend the qualification level
during the actual period of test performance as defined in “Change in Procedure Number L-3,” (NTS Report 528-0994, Section
G.1, pages 52 and 53), leading to redefining the profiles to LOCA “A” and LOCA “B” (Accelerated) as shown in Figures 5 and *
in NTS Report 528-0994, Section G.1 NTS, pages 21 and 22. The level of qualification required and demonstrated in this
package is that of Figure B1 (LOCA “A”"); the extended and rushed LOCA “B” test, introduced after testing began, had various
anomalies (described and evaluated as not detrimental to demonstrated qualification in Section A, Paragraph 2K), precluding

use of LOCA “B” data.-
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FIGURE B2A :
SEISMIC WITHSTAND REQUIREMENTS DEFINITION
- AND TYPICAL +ACTUAL SPECTRUM TESTED, RRS FOR OBE**

PROPRIETARY DATAC)"
FIGURE REMOVED>

**The Required Response Spectrum for OBE and SSE is shown in the NTS Report (528-0994, Section G.1 NTS, page 20) as
Figure 4, “Required Response Spectrum.” The actual spectrums are shown in NTS Report 528-0994, Appendix C.
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. FIGURE B2B
SEISMIC WITHSTAND REQUIREMENTS DEFINITION
AND TYPICAL ACTUAL SPECTRUM TESTED, RRS FOR SSE**

PROPRIETAR‘#% DATA

FIGURE REWIOVED
O

| \
&
&

**The Required Response Spectrum for OBE and SSE is shown in the NTS Report (528-0994, Section G.1 NTS, page 20) as

- Figure 4, “Required Response spectrum.” The actual Spectrums are shown in NTS Report 528-0994, Appendix C.
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FIGURE B3
VIBRATION WITHSTAND REQUIREMENTS DEFINITION
AND TYPICAL ACTUAL SPECTRUM TESTED FOR
STEAM RELIEF VALVE (SRV) DISCHARGE
RRS, FOR SRV AGING***

&
&
\@

PROPRIETARY DATA

FIGURE R{M@VED

&
&©
&

***The Required Response Spectrum for SRV Aging is shown in the NTS Report (528-0994, Section G.1 NTS, page 19) as

Figure 3, “Required Response Spectrum.” The actual spectrums are shown in NTS Report 528-0944, Appendix B.
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FIGURE B4
AXES DEFINITION FOR SRV AGING AND SEISMIC TESTING

Response #1

Response #2 |

7

TA

4
~
-
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NUCLEAR QUALIFIED\@
PRESSURE TRANSMITTER SERIES*ENVELOPING ---

GAGE PRESSURE TRANSMITTE‘I% SERIES PG 3200
O
DIFFERENTIAL PRESSUREOTR@}NSMITTER SERIES PD 3200
<o
DIFFERENTIAL HIGH PRESS@JRE TRANSMITTER SERIES PDH 3200
DRAFT RANGE PRESSURE TRANSMITTER SERIES DR 3200
//\NQU >
REMOTE DIAPHRAGM SEAL DIFFERENTIAL PRESSURE TRANSMITTER SERIES PD 3218

~& < ‘
REMOTE DIAPHRAGM SEA&%D\!FFERENTlAL HIGH PRESSURE TRANSMITTER SERIES PDH 3218

SECTION C

REFERENCES
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configuration control at Gulton-Statham for transmitter
model PD 3218)

“Pressure Transmitter Nuclear (Draft Range)” (Current
version of Drawing under configuration control at Gulton-
Statham for transmitter model DR 3200)

“Nuclear Scope Test Report,” dated May 18, 1983.

“Class 1E Electronic Pressure Tyansmltter (IEEE 323~
1974),” Revision 0, dated/May 10 1982

i

“Engineering Change Notice NJ37863,” dated July 23,
1982

“Purchase PQa\“rt\ Level Transmitter with Pressure Sealed
Sys” Revisi\b%nﬂ}j dated July 22, 1982

Ge\n;%\abElectnc PD 3018's - December 31 Delivery,”
me@eﬁdated October 22, 1982.

XNuclear Qualified Transmitter for General Electric
Design Review Meeting,” memo dated November 29,
1982.

“Design Report - 30 Megarad PD 3018,” dated January
18, 1983

‘NTS Report 528-0994/General Electric Qualification,”
dated February 14, 1983

“Functional Test Data Report for Gould Model PD 3218-
100 Pressure Transmitter Serial Number C6164 Exhibit
Il of NTS Report 528-0994-1,” dated July 11, 1983

“Qualification Tests on Pressure Transducer Part
Number PD 3218,” dated July 5, 1983 (Section G.2)

To Project Engineering Report 1005, REVISION B,
dated January 21, 1985
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61

62

63
64

65

66

67

NATIONAL TECHNICAL
SYSTEMS TEST REPORT
NUMBER 528-1840

SCHLUMBERGER INDUSTRIES
STATHAM DIVISION OF
SOLARTRON TRANSDUCERS
DRAWING 70017-000-001

GOULD INC. MEASUREMENT
SYSTEMS DIVISION, BULLETIN
201

USNRC INFORMATION NOTICE
92-12

GOULD INC. MEASUREMENT
SYSTEMS DIVISION, INTERNAL
STATUS H. ALBAUGH TO

D. KREEGER

GULTON-STATHAM PER-1176

GULTON-STATHAM
DOCUMENT NO N00182

)

Q&
©©

Ay

“Seismic and LOCA Testing of Pressure Transmitter
Assemblies Part Numbers PD 3200 and PG 3200,”
dated February 7, 1985

“Pressure Transmitter Installation - Isolated, PG 3200"
(Current version of Drawing in Section F of this
document)

“Differential Pressure Transmitters Nuclear Qualified
Model PD/PDH 3200 Series,” dated May, 1983

“Effects of Cable Leakage Current on Instrument
Settings and Indications,” dated February 10, 1992

“Status of Nuclear Test Programf,?:\\t:lsated August 23,
1983 o O

“P3200 Baseline andfgnglneenng Changes”
as of June 1992%

“P3200 Base\h\ne and Engineering Changes”
(Current ver3|on of document under configuration control
at Gulton“Statham)

N
@
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REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION
REVIEW PACKAGE
FOR
AMETEK AEROSPACE GULTON-STATHAM PRODUCTS

NUCLEAR QUALIFIED
PRESSURE TRANSMITTER SERIES ENVELOPING --- @

GAGE PRESSURE TRANSMITTER SERIES PG 3200
DIFFERENTIAL PRESSURE TRANSMITTER SERIES/\)\IinSZOO
DIFFERENTIAL HIGH PRESSURE TRANSMIUE%\\S@ES PDH 3200
DRAFT RANGE PRESSURE TRANSMITRR SERIES DR 3200
REMOTE DIAPHRAGM SEAL DIFFERENTIAL: P%SURE TRANSMITTER SERIES PD 3218

P
o (70"
REMOTE DIAPHRAGM SEAL DIFFERENTI "L\lelV!GH PRESSURE TRANSMITTER SERIES PDH 3218

~Q

&
§©§\ SECTION D

ENVIRONMENTAL QUALIFICATION

PARAMETER-BY-PARAMETER REVIEW
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SUBSECTION DO -- PARAMETER: OPERATING TIME

REVIEW

The operability of the Gulton-Statham Transmitters is based on its conservatively
assumed confinuous operation, taking no credit for unavailability due to the
performance of surveillance testing, maintenance, or disconnection of instrument
loop equipment.

The transmitters are conservatively assumed to operate for the full duration from
installation to plant retirement plus the post-DBE requirement.

It is recognized that the Gulton-Statham Transmitters may be ms’rcﬂ(l&i as replacement
equipment to the original plant fransmitters. However for co//gsérvohsm the
transformers will continue to be analyzed as requiring con’nnuous 40-year operation
plus long-term post-operation in the Aging Parameter R%IGW Section DA.

NORMAL OPERATING TIME

The transmitters “operate” continuously for the 4\€)A\§/\eor period from installation to plant
license termination, plus the post-accident pen@d> As a potential part of the “Sense
and Command Features™ the ‘rronsmlﬁers@o\%erohonol availability must be assumed

for this EQ effort to be continuous. 0\

For the transmitters, the quolifico’rion@Aging Parameter Review Section), includes
cycling.

ZN
POST-ACCIDENT OPERATION O/\)LO'NG-TERM POST-ACCIDENT OPERATION
The required post- ocmden%perohng time is a function of the safety function required,
the accident durohon\@nd conservatism in plant design.

Typical volues found'im various plants for tfransmitters vary from seven (7) days; thirty
(30) days; sixty (60) days; ninety (?0) days; one hundred-twenty (120) days; one
hundred eighty (180) days or even a three hundred-sixty (360) days duration. Actual
values found in use often significantly and conservatively exceeds the generic industry
operability guidance including "long-term requirements.” In 1982, the Atomic
Industrial Forum(? (with the position paper following the text of this subsection)
defined, "“Systems required during the long-term mode of operation...” to those limited
fo (a) decay heat removal, (b) post-accident monitoring, and (c) electrical power

~ distribution and cooling systems supporting (a) and (b) as previously described. The
long-term period extended for twenty-four (24) hours to fifteen (15) days on the basis
of a careful and reasonable analysis of requirements.

*As defined in IEEE 603(2" sense and command features are the electrical and mechanical components and
interconnections involved in generating those signals associated directly with safety functions. The scope of The
sense and command features extends from the measured process variables into an electric or pneumatic signal.
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The NRC also previously recognized that the defini‘rioh of "Long-Term” is variable,
being accident scenario and equipment dependent. In question, Response 23 to IEB-
79-01B, Supplement 2130, the NRC stated:

Q.23 How long should “Long-Term” equipment be qualified for environmental
- qualification?

- A23 “Long-term” for the purpose of qualifying equipment for a harsh
environment is variable. A determination of “long-term” for qualification
of equipment should be based on the considerations listed below for
each postulated accident scenario. Justification for the value used
should be provided with the equipment qualification documentation.

1. The time period over which the equipment is requwedn‘@%bnng the plant to
cold shutdown and to mitigate the consequences@’rhe accident.

2. The ability to change, modify or add equipmep’r@uring the course of ’rhe
accident or in mitigating its effects which wills prowde the same safety-
related function.

For conservatism to envelop most applications, GQ}ne period of one hundred eighty

\
(180) days post-accident duration may be used\m or)w analysis enveloplng plant needs.
Conservo’nvely we have used three hundregi snx‘ry (360) days in the temperature
quohﬂcohon in Section D, subsection DT. Ir(m?gddmon the qualification data presented
is suffrcnenﬂy complete to allow the user ’roédjus‘r the analysis {if necessary) to meet
unique requirements. Data is presenfed\far post-accident ambients of 90°F - 145°F.
The present “standard” for even p@occ:den’r monitoring is @ maximum of one
hundred (100) days in ANSI/AN’>4\5 198061, Paragraph 6.1.2.3, which is addressed by
NRC Regulatory Guide 1. 97(32}\md|cmes a one hundred (100} day post-accident

monitoring duration.
@)

It is worth noting Thgifb&@uchﬂcohon demonstration provided in this QDR is based on
a combination of verysevere temperature, humidity, radiation, and post-accident
duration which will not occur concurrently. For example, the LOCA event which can
result in the harsh radiation exposure and long-term post-operability requirements,
results in rather benign changes in temperature or humidity in the outside containment
locations where most transmitters are expected to be found in.

CONCLUSION

Use of these conservative operating durations (40 years normally, and up to 360 days
post-accident), and consideration of cycling in other parameter reviews, (e.g.
Temperature - Subsection DT, Aging- Subsection DA), demonstrates qualification.
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Prepared, based on input received at a workshop sponsored by the NSAC, atfended by
those listed below; and reviewed and approved by members of the E.O. Subcommittee,
Utility Equipment Qualification Advisory Group Members, and the AIF Licensing Steering

Group.

P. Jacobsen - - Consumers Power Co. - Chairman

S. Kasturi - EDS Nuclear — Moderator 0\
S. Masenheimer- - Duke Power @
H. Shaffer - ~ -YAEC &
G. Langford - Bechtel Power Corp. %

M. Horrel - Ebasco Services Inc.

JE Metcalf - Stone & Webster Inc. %

L. Casella - Florida Power & Light qu.?>&

L. Stalter - Toledo Edison Co. &O

NB Le - USNRC } @

TJ Delgaizo - WESTEC Servicesdnc>RVRC/FRC/Consultant

oo

Descﬁp’rion@@

Issue Record
No.
1. Comm%?@f‘issue to participants in the workshop

2. Comment Issue — AIF EQ Subcommittee and
EPRI/owner’s group

3. Issued to Alf Steering Group after incorporating
corporating comments from AIR-EQ Subcommittee
and Owner's Group

4. Forwarded to the USNRC by AIF letter dated8/24/82

from Mr. Richard M. Eckert to Mr. Richard H. Vollmer

o)

Date
11/13/81
03/05/82

03/24/82

08/ 24/ 82
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1.0

2.0

2.1

2.2

2.3

Industry Position on System Operating Times

- INTRODUCTION

NRC Memorandum and Order CLI-80-21 endorsed the DOR Guidelines and NUREG-0588,
both of which require that qualification times be established for each piece of safety-related
Class 1E equipment. This qualification time is based on an evaluation of the equipment’s
safety function for the various design basis events and its associated required operating time
while being subjected to the harsh environment. ’

The AIF committee on power plant design, construction and operation (Subcommittee on
Equipment Qualification) has reviewed the industry practices involved in establishing the
qualification times, as well as the available regulatory guides, industry standards, and
operating experience pertaining thereto. In this position paper, the nuclear industry offers a
set of guidelines for establishing the minimum required safety system\/\perating times which
could be used in determining appropriate equipment qualification tlme The time frames
proposed in this position paper represent those which envelope thevarious plant
configurations, and design basis events. However, lower tnmes/than those suggested may be
used for specific plants with approprlate justification. @

DEFINITIONS

For purposes of this paper, the following definitioﬁ&apply.

Qualification Time @

The minimum period of time for which qu(g%flcatlon tests in simulated DBE environments shall
be conducted to adequately demonstrate equipment quallflcat|on

AN
Generally, qualification time is C@//servatlvely established based upon the minimum required
operating time in severe(enwro\gmental conditions. However, if failure of a piece of equipment
due to severe enwronmental conditions, subsequent to performing its safety function, could
affect accident mltlgatlon/efforts (e.g., failure of interlocking instrumentation isolates a required
safety system), thls sho\uld be considered in establishing the qualification time.

Operating T|m§

Operating tlme i5 defmed as the minimum time period required for the system/equipment to
accomplish its intended safety functions. This period is the time interval (Fig. 1) between the
start of the event to the time the required safety function is accomplished. If an equipment is
required to be cycled (e.g.; valve open/close) several times to accomplish a given safety
function, then the total real time period over which such cycling is required to be accomplished
Including the cumulative cycle times constitute the system operating time. .

Safety System

Safety system is defined as an assembly of components or equipment required to perform a
safety function such as reactor trip, core cooling, or containment isolation.
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2.4

3.0

Industry Position on System Operating Times

Hot Shutdown

A condition in which the reactor is subcritical typically by 1% K/K, but the RCS temperatures
are still at or greater than 200 degrees Fahrenheit. The reactor is under control and capable

of being maintained in this condition.

Position

The operating times for equipment qualification can be separated into four categories. These
categories are:

Short term:

Functional Scope: reactor shutdown, initiation of accident m|t|gat|on§\m|t|at|on of containment
isolation. U

Duration: 0 to 20 minutes. @§%
Intermediate term: Q

Functional Scope: accndent mmgatlon acmdent,mc\}mtormg

Duratlon: 20 minutes to 24 hours. Kp

Long ;[erm: @ .
O

Functional Scope: decay heat removal post accident monitoring.

Duration: 24 hours to 15 <d§y‘§is

Extended term: o

Functional Scope:zihaccessibly decay heat removal, inaccessible post accident.
U

Duration: 15%%)/\3%0 1 year.

When equipment is properly assigned to one of these categories, the maximum duration for
that category can be used as the operating time for that equipment for qualification. The
effects of equipment failure beyond these operating times must be considered and shorter

operating times may be used if justified.

The use of these guidelines will result in the adequate, consistent, and cost effective
equipment qualification programs required to assure plant safety and the protection of the
health and safety of the public.

The rationale for the proposed operating time guidelines are presented in Section4.0
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DISCUSSION

Safety-related equipment must be capable of performing their design safety functions and/or
maintain system integrity under the worst postulated environmental conditions prevailing after
the accident during which the equipment is required to perform its safety function. Accident -
conditions may involve exposure of the equipment to elevated temperatures, pressures,
relative humidity, radiation, and in some cases chemical spray and submergence. The

. damage caused by these environmental factors can be cumulative in nature. For example, a
material property such as tensile strength, insulation resistance, or viscosity could continue to
degrade or corrosion could be enhanced while exposed to the adverse environmental
condition{s). Equipment may be capable of performing its intended safety functions after a
short exposure period because the reduction of the affected material property was covered by
a safety factor in the design. However, continued exposure to thesez(fﬁvironmental extremes
could cause significant reduction of the material properties to the p\ﬁi’qt\where the equipment
cannot function. Therefore, it is import to define not only the a//cdc’id\gm)environmental
conditions, but also to define the duration of such equipmen(’grexggsure to these conditions.
After this period, equipment must remain functional, and/oxmaintain its physical integrity so as
to assure that subsequent to performing its safety funcfioh@)will not fail in a manner
detrimental to plant safety. %

Evaluation of the range of variations in nuclear pow%er plant designs relative to DBE/HELB
. . N S, . . .
analysis, containment structures, safety systgr;;qQXequment functions, NSSS designs, etc.,
indicates that all such system/equipment p‘erfq@m‘ance requirements fall into one or more of
the foliowing time categories: @
<

e Short term functional requirements\\§u0h as containment isolation, reactor trip, actuation of
emergency core cooling, '

« Intermediate functionaffet yirements such as achieving hot shutdown conditions.

A

e Longterm functigr;l I\<féquirements such as those involving returning the plant to pre-
accident condition§% except for radiation levels, when access to repair and replace

equipment is\p@ible.

+ Extended term functional requirements such as long term decay heat removal or post
accident monitoring where access may not be available.

It should be noted that the time categories proposed above present a set of enveloping time

requirements applicable generically to all nuclear power plants. In specific plants, when
required, times shorter than those proposed in this guideline may be used when appropriate.
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These time categories are described in detail below.

Short Term Requirement

Systems required during the short term are those required to establish control of the accident
situation. These include:

A. Reactor protection systems

B. Actuation systems required to initiate accident mitigation systems (i.e.: safety
injection, containment isolation, containment cooling).

C. Containment isolation systems, provided subsequent failures of those valves have
- been analyzed to ensure that the accident mitigation efforts wilT“not be affected.

Time requirements for the short term system operability categgyﬂs(}eflned as up to twenty
(20) minutes from accident initiation. A review of the varlousﬁplant\PSAR FSAR, and IEB 79-
01B submittals and plant unique load definition documents. Wl||>ShOW that the majority of
system operability requirements for design basis events\(DB/E) including high energy line
breaks (HELB), are totally bounded by a time envelope of S|xty (60) seconds (see Figure 2).
This 60 second envelope is considered to be conservatlve with respect to those events such
as LOCA, MSLB< etc. which result in automatuc(actuatlon

However, the 20 minute duration criteria pr@pgs\ed above is necessitated by the less severe
but more time limited accident scenarios.of; én%a/ll OOCA, HELB and the like. For these
events, system equipment may be sul?je(\cted to environmental conditions in excess of their
normal design values, not necessarlly\the peak values resulting from the worst case DBE, but
rather for an extended period of tlm/é\before automatic action or operator intervention will
occur. For determination of thls requwed time frame, in lieu of analysis of the possible
accident scenarios which woulg‘fall into this category, industry believes that 20 minutes
represents adequate tim&for operator identification, evaluation and initiation of appropriate
safety action. (1) o

We believe, based’on a qualitative evaluation of available data on small break or leak induced
less severe accndénts as well as the available instrumentation and other Control Room
information systgms that the 20 minute time could be shown to be a very conservative time
frame for operator assessment of the situation, identification of the type of incident, and
initiation of appropriate protective actions, including, if required, mitigation systems such as
containment or other system isolation and core cooling.

(1) ANS 58.5 (March, 1981), NUREG-0700, etc.
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4.2

4.3

Industry Position on System Operating Times
Intermediate Term Requirements

Systems required during intermediate term are those required to achieve a hot standby of

. shutdown condition of the reactor and primary systems. Depending upon the accident, these

include systems such as:

Active and passive core cooling systems

Secondary heat removal systems in a PWR

Containment spray and cooling systems

Containment isolation systems _

A minimum set of auxiliary support systems required to support functioning of the
primary safety systems listed in a, b, c, and d above. These include on-site power
systems, cooling water systems etc.

F. Accident monitoring instrumentation systems.

moow»>

* The intermediate time frame from 20 minutes to 24 hours is the tiiexpostulated to get to a hot

shutdown condition with the plant operators in control of the snuat\on/ At the end of the 24
hour period, the injection and spray modes would have been cgmpleted and the plant would
be in a position to proceed in a time is believed to be conservatlve since it provides for ample
time to call in additional personnel or expertise to asses\s (t@snuahon and take any necessary
corrective action. Design Basis Accident and HELB\pressure and temperature profiles for
various BWR and PWR plants are documented in the PSAR and PSARs, and IEB 79-01B
submittals. These profiles were developed w1th(a:set of very conservative assumptions
mcludlng concurrent single failures, consistentwith all the applicable regulatory requirements,
and the “defense in depth” philosophy. Evaluatlﬁn of this data would show that within about
20 hours following any event, stable, gng(/ln most instances decreasing trends of the pressure
and temperature conditions within the-red¢tor coolant systems, secondary heat removal
systems, and the affected area in con>ta|nment or other plant areas are achieved (see Figure
i ox

Systems required during the>long term mode of operation are those installed to provide long
term decay heat remdyal, and post accident monitoring. These are limited to the:

Long Term Requirements O

A. Decay hea@moval system
B. Instrentation required to monitor containment pressure and radiation, Secondary

heat removal system (i.e., Auxiliary Feedwater) operational monitoring and decay heat
removal system operatxonal monitoring.

C. Electrical power distribution and cooling systems required for support of those systems
in (A) and (B) above to continue functioning.
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The long term time period extends from 24 hours to 15 days. This is the period of time
required to bring the plant, which is under control and stabilized, to the point where systems
are accessible for adjustment, preventive maintenance, calibration, repair, and alterations.
During this period the plant is in a long term cooling configuration that can be maintained
indefinitely with access to equipment. The plant either enters this period in long term cooling,
or is placed in it near the beginning of the mterval

It is judged that 15 days represents an adequate amount of time for plant staff and all those
who would become involved after a DBE/HELB to determine the actions needed to maintain
the fong term cooling mode, make the needed preparations, and to begin to take appropriate
action. Those actions required at the end of the 15 days to sustain systems will be known
from the system design, but depending on the type of events, some time will have to be spent
reviewing the options available at the time.

Extended Term Requirements @

<

It is recognized that there is another category of systems, w 1chjr}13t be designed for a much
S

longer period of operability in a harsh environment W|thout[a>/c%ess These systems include

Post Accident Monitoring of radioactivity release to the ‘erlirdnment and long term heat

removal, where by the particular plant design they miay.not be accessible due, usually, to high
radiation conditions. Examples of this would be RHR e@mment and Reactor Coolant System
pressure instrumentation for a PWR located |nS|€ie:prlmary containment. They must be
designed for a period of time consistent with the\scenanos and calculated environments. It is
believed that in all cases, one year would represent an adequate time period to seek
alternative solutions and/or terminate the'condltlons of inaccessibility. By that time, the
radiation sources will have been dealt wnthzgufﬂmently to allow access to the equipment, or
alternate systems/equipment requwed\td%perform the same safety function could be installed.
Experlence in Three Mile Island ( l\/fl\venﬁes this capability.

©
CONCLUSION @Q

We believe that the four gategories of time frames, i.e., short, intermediate, long and extended
term, represents an eﬁ\VeIopmg set for all the DBE’s and HELB’s postulated and analyzed as
part of nuclear pow/‘P\pIant design. These guidelines, if used by the industry and adopted by
the NRC, would%esult in an adequate, conservative, consistent and cost effective program to
address equFfe‘ﬁt gualification. We recommend that the NRC adopt these guidelines in the
ongoing develo;\?ment or the rules of other regulatory documents.
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FIGURE 1

to =0 EVENT START, development
of an abnormal event

t Detection of an event by sensor
or identification of the same by an operator

ta Initiation of a trip or profecﬁy-e_\

actuation function (i.e., iniafe’rod drop,
valve close, pump s’ror@

T3 Completionsofprotective action (i.e.
rods in, v&:l‘y)éé\@'Tosed, pump started in

deliveri@he flow)

A

ta =20 minu -esﬁ\R'eOCTor plant and containment
& Feondit
condition stable
&

\
,\§©

ts 24 hours Reactor plant in a hot shutdown

condition, and the abnormal environmental
conditions stabilized {i.e., worsening frend
‘arrested and possibly reversed)

ts =15days Plant under cold shutdown conditions.
up to 1 year Environmental conditions in affected areas
for specific returned to pre-event conditions except
system / radiafion.
equipment
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Industry Position on System Operating Times
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SUBSECTION DT -- PARAMETER: TEMPERATURE

NORMAL TEMPERATURES

As indicated in the QDR Section A, the fransmitters may be located in various plant
areas. Transmitters, due to their need for calibration checks and the ease with
which the pressure connections can be tubed out from the process connection

- points, are located in areas designed to aliow reasonable access to plant
personnel. Consequently, they are not located right next to such thermally (and
radiation) hot spots similar 1o the reactor coolant loop or other usually inaccessible
worst case locations.

Furthermore, the normal ambient ’rempero’rures and the propor’ren of plant life at
those temperatures, are usually very conservatively expresseo

Within Section D, Subsection DA, data is presented to all de’rermlnohon of
qualified life at various temperatures. \ &

The aging data in Section D, Subsection DA, prowdesxnnformohon on Qualified Life in
one degree F (1°F) increment from 70°F* to 145°FWhICh will facilitate conivenient
adjustment and should exceed all oppllcohor&needs

EVALUATING TEMPERATURE RISE DUE TO EgERGIZATION

The subject equipment under evoluo’rt%n are Gulton-Statham Transmitter assemblies.
These instruments operate with Ip_xv [&Vel voltage and current; 12- 55 VDC and 4-20
mA dc (see Specifications of Tobl\gs Al, A3, A5, and A7 in Section A). Internal heat
rise due to continuous energlzo’ﬂon is therefore considered insignificant.

EVALUATING TEMPERATUR%RISE DUE TO PROCESS

The process connec;‘n@for the transmitters are completely isolated from the
electronics housmg (see Figures A1, A5, A7, and A9 in QDR Section A). The process
fluid that reaches the process side of the transmitter is separated by an isolating
diaphragm and ceramic insulators. Furthermore, the instrument-sensing lines bring
the process effluent to the fransmitter, which is typically remote from a hot process.
Therefore, it is reasonably concluded that the subject transmitters will experience
negligible heat due to process fluids. :

Note: Data provided on the substantial thermal capability of these transmitters in
this subsection and Subsection DA, will allow the user to adjust the analysis should
the process condition provide heat transfer to the transmitter or be other than
insignificant.

*Even though'a plant location may be less than 70°F during periods of the transmitters’ instalied life,
the data below 70°F is not provided as ’rhe qualified life at 70°F is well beyond plant license duration.
See Section DA,
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ACCIDENT TEMPERATURES'

As the fransmitters may be located in various areas of the plant, qualification is
demonstrated to the worst case expected temperature conditions postulated for
the typical installation. Section B includes as Figure B1 the High Energy Line Break
Definition. Although certain data exists for performance to even a higher level
(designated as the extended LOCA "B" as explained in the footnote to Figure B1),
anomalies and equipment failures to this test level (which included temperature
spikes above 500°F), conservatively precludes its use.

The Qualification testing of the transmitters was to temperature greater than the
generic Figure B1, the High Energy Line Break Definition requirement, as described in
Table DT1 of this subsection. @

TRANSMITTER EVALUATION - °\©

As indicated in Table |, of the NTS Report®), NTS page 1,5}%%9” as the Specimen
Location Drawing (Figure 7 of this report, NTS page 2‘8)%{56 qualification testing

included the following: S
TRANSMITTER TYPE SER\?A%NUMBER*
PD 3200 AN XXXXX
PD 3200 | @ XXXXX
PG 3200 N, XXXXX
PG 3200 \K\ XXXXX
PD 3218 e XXXXX

The data of profile of Figure»'B;li%e'cﬂon B, is the definition document --not the plot of
achieved accident Tempér‘afure simulation. Figure DT1 which is provided at the end
of this subsection, proviq(eézz@\plof of actual achieved Temperature Exposure. This
data was derived frorp{t@e\dcto logger information from the chamber monitoring
insfrumentation. Imgengral, the actual exposure is far more severe than the original
Specification (e.‘g;\.:e‘pproxima’rely 41 days at 211°F in lieu of planned 34.5 days at
196.3°F). This data ¥ used in the conservative Post-Accident Analysis at the end of
this section. By “Similarity Analysis” in QDR Section A, Paragraphs 2A3 and 2D, the
Draft Range (DR) and PD/PDH 3218 Series is enveloped in this qualification.

*All serial numbers proceeded by a “C", although for convenience, the “C" prefix was not stated, as
in Figure 7 of NTS Reportt? (NTS page 23).

**Failures/anomalies dispositioned as not detrimental fo qualification as described in this QDR, Section
A, Paragraph 2K.
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The required plant profile is obviously plant dependent. Actual transient period is -
usually rather short with a return to normal temperature conditions in 3-24 hours for
outside containment events, and within 2-7 days for inside containment limiting
LOCA-type events. This analysis will assume the post-transient temperature is 120°F
for all areas. '

A detailed Long-Term Post-Accident capability demonstration at the end of this.
section, demonstrates with margin, transmitter capability for these reasonably
conservative conditions. Datais presented in such a manner that the analysis can
be easily modified for user analysis if the unique user requirements are not
enveloped.

The data provided includes information on post-accident copeé}ﬁy in one degree F
(1°F) increments from 90°F* to 145°F which will facilitate convémen’r adjustment and
should exceed all application needs. &

If there is no HELB transient, the user may consider, ’rﬁ\ls data to further extend ,
Qualified Life beyond that established in subsech%lA using accepted principles

of aging analysis. @

[\

CONCLUSION &\@

The transmitters are quallfled with sxgmflcani margin for the reasonable postulated:
accident temperatures. Q

&

*Even though a plant location may be less than ?0°F during periods of the fransmitters' post-accident
operation, the data below 90°F is not provided as the capability at 20°F, is weli beyond plant
requirements. See analysis in this subsection.
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FIGURE DT1 -- HIGH ENERGY LINE BREAK PROFILE FROM ACTUAL TEST DATA*

LOCA *A* PROFILE (Graph bnformation)
RATE RECORDED JEMP,
TAE (Deg. ©) .
LOCA "A™ PROFILE
93 09:15.03 1262 425
092451 2126 .
09:34.33 3096 —
09:41.54 ne 200 }—— o \\;
03:43.13 zgg .
09:48.37 2 7/ T
09:52.01 255 275 2.t !
095702 2098 Mimutes | Y N
1123732 138 Hours 250 |— '“I RAESN
11:48.03 138 — ===
130815 1047 g D
132138 104.7 225 \ Lo
13:2921 9.3 \ 7N |
133346 993 | v R
1338 45 1282 200 i
140737 1282 | S N
14:1005 266.7 N N
266.7 175 ~ -
) 21:11.38 259 i
259 Hours 150 < RA\
&, T 090650 2426 Days I P N
2426 NI o
23:12.50 236.4 125 B2 <F
236.4 Break in Testing M 5 /j’\’
8183 06:.14.42 . 4 p) R
81283 12:06.13 241 100 ,f\\ 5 } N
/1383 130613 2305 5 13/;1) Nrd
2305 s 7
2006.53 2215 75 AN
2215 (
V148 18206.35 2258 Q\\
BN
) 2258 (| s HOURS DAYS
PREY ) £324.16 2335
2338 "~
2047.42 206 . &\
2168 o047.12 gzzs Qﬁ\‘ \ Y
S .
enemy 074037 211 e NS
o293 170514 m N
Endof Testing ™. <
@Q
b

*The level of quadlification required and demonstrated in this package is that of Figure B1 {LOCA “A");
this plot reflects actual conditions measured during testing. Table DT1 shows the actual data points
used for this ploft.
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TABLE DT1

HIGH ENERGY LINE BREAK DATA FOR TEMPERATURE PROFILE PLOT*

DATE TIME TEMPERATURE INTERVAL**
. (HR., MIN., SEC.) (F)
START OF MINUTES PLOT
8/09/83 9:15:03 128.2
8/09/83 92451 272.6 9:48
8/09/83 9:34:33 309.6 19:30
8/09/83 9:41:54 271.7 26:48
8/09/83 9:43:13 2460 28:01
8/09/83 9:48:37 255.0 33:34
8/09/83 9:52:01 255.0 36:58
8/09/83 9:57:02 209.8 A M9
START OF HOURS PLOT o m

N :
8/09/83 11:37:32 138.0 Cla 2:22:29
8/09/83 11:48:03 1380 45D 2:33:00
8/09/83 13:08:15 104.7 3:53:12
8/09/83 13:21:36 1047 @ 2:06:33
8/09/83 13:29:21 99.3 41418
8/09/83 13:33:46 99,35\ 418:43
8/09/83 13:38:46 1282 4:23:43
8/09/83 14:07:37 1282 - 4:52:34
8/09/83 14:10:05 (2667, 455:02
8/09/83 21:11:38 32590 11:56:35

. YA
START OF-DAYS-FLOT

8/10/83 9:06:50 0.l 2426 23:51:47
8/10/83 23:12:50 \ 236.4 37:57:47
8/11/83 6:14:42 \ 241.0 53:59:39
8/12/83 12:06:13 {C) 241.0 74:51:10
8/13/83 12:06:13 @\ S 230.5 98:51:10
8/13/83 201712 o \) 2275 107:02:09
8/14/83 8:06:35 22538 128:51:32:
8/15/83 08:47:18) 2335 143:32:13
8/15/83 20:17:1: 229.4 155:02:09
8/16/83 201712 225,08+ 179:02:09
8/19/83 J7A0:37 211.0%%%+ 238:25:34
9/29/83 170514 211.0 1231:50:11

%\\y)

END OF TESTING PERIOD

*The level of qualification required and demonstrated in this package is that of Figure B1 (LOCA “A");
this data reflects actual conditions measured during testing. Table DT1 shows the actual data points

plotted as a temperature profile in Figure DT1. Plot points are for changes; values were relatively
stable at the tail of the accident exposure; values are conservative averages of the variation. For
conservatism, the post-accident analysis uses values 5°F lower than plotted to account for minor
inaccuracies which may exist.

**Interval from start of exposure expressed in hours, minutes and seconds.
**Temperature plateau at 225°F until next data point change (8/19/83 at 07:40:37).
****Temperature plateau at 211°F until Test Termination (9/29/83 at 17:05:14)
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- LONG-TERM POST-ACCIDENT OPERABILITY ANALYSIS FOR TRANSMITTERS

Purpose: To verify that the DBA testing of NTS Report® and Figure DT1 and
Table DT1 of this subsection, envelop the conservatively
assumed post-accident period of 360 days, post-DBA operability
requirements (conservatively developed in subsection DO).

Reference: Generic Plant Requirements developed earlier in subsection DT
: and Test Data {Figure DT1 and Table DT1).

Basis: The accident ambient temperature following a DBA reduces to 120°F
or less, as defined earlier in this subsection.

The basis for the analysis is the Arrhenius equation which is define‘d%os:

1 = 12 @ Phisk (1/T1-1/12) o\@

Where:
1 = Equivalent time afservice temperature Ti
fa = Time at ’rempero’rure T2
T = Service Temper\gfure (in °K) corresponding to h
T2 = Tempero'rure((ln°K) corresponding to t2
phi = Achvcn‘ao{u energy (in electron volts)
k =

Bol’rzm@Qn,consfcn’r 8.617 x 105 eV/°K

An activation energy of 0.96 eV wgs lden’nfled in the aging analysis based on NTS
materials breakdown review (o\s descnbed in Subsection DA) for the weak-link
component used in the qu@llﬁed Gulton-Statham transmitters and the footnote

below*.
4

The traditional and tee !'\1 Jcally correct method of addressing temperature
fransient periods(lip ysical review of the demonstrated accident profile against

the plant requiremignits and assuring that the test is enveloping.

*The worst case activation energy was provided for a Neoprene gasket (*O"-ring) not used in these
transmitters; Viton™ is utilized. The 0.96 eV value is for the next lowest activation energy item, Silicon
solid-state components. Refer to NTS Plots from Figures 1 and 2 of Exhibit | to the NTS Procedure(10
(Analysis Report pages 45 and 44).
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. NOTE 1: A nuclear accident will not have two (2) accident transients.
Consequently, the first transient may be considered additional
margin. (see Figure DT2).

. NOTE 2: Very short duration accident exposures at high temperature
conditions (especially superheat), may not impact the
qualification due to thermal lag. Should concern exist for short
transients {approximately five (5) minutes or less) above the
qualification level, please contact Gulton-Statham to discuss
possible thermal lag analysis to demonstrate qualification by
methods previously accepted by the regulatory agency.

The Gulton-Statham analysis is in keeping with the intent of suc fs’rondords as |EEE
317-198383) where it is stated in Paragraph 6.3.3(b): &

(b)  Accelerated Thermal Tes’nng may be used to smula’re}he temperature-time
profile following the major temperature Tronaen’r( )\o “the most severe DBE
environmental conditionss.” @y

Superscript 8 of the quotation states, "8 In IEEE St 323-1983, see time T4 of Figure
1," where the T4 point refers to the plateau endpéln‘r of the peak transient (Figure 1
of IEEE 323-2983 is included as Figure DT2 | n @‘hls subsechon) the T4 point
corresponds to the Tv designation on Flgére\DTQ

The NRC has accepted the IEEE 31 7—<1?9\83 methodology in the post-10CFR50.49
environment as endorsed by USNR(rﬂ?eguloTory Guide 1.63, Revision 3, dated
February 198734,

For the subject Tronsmfr’rers@e operobm’ry analysis using accelerated aging
technigues will begin at TQe fime equal to approximately 7.5 days (the beginning
of the 211°F plateau very éonservo’nvely after more than 238 hours of accident
exposure) on August 9)1983 per Table DTI.

DEMONSTRATED CAPABILITY VS. REQUIREMENTS

As discussed above, the transient peaks are enveloped by test. For outside
containment events, the seven (7) day accident fransient period is very
conservative. For further conservatism we will assume that the long-term stable
period is the full 360-day period (in reality, the total period would include the
transient period such that a 360-day duration for our example would be
approximately seven (7) days of fransient and 353 days of long-term stable
operation -- not 360 days).

The accident exposure plateau (see Table DT1) of 211°F begins at 238 hours, 25

minutes, and 34 seconds and ends at 1231 hours, 50 minutes, and 11 seconds for a
duration of 993 hours, 24 minutes, and 37 seconds determined below.
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TOTAL STABLE PLATEAU PERIOD PLATEAU END TIME - PLATEAU BEGIN TIME START .

TOTAL STABLE PLATEAU PERIOD

i

1231:50;11 - 238:25:34

TOTAL STABLE PLATEAU PERIOD 993:24:37

For conservatism we use 993 hours in the analysis.

CASE 1: 180 DAYS AT 120°F

G
O

- Where: ‘ &@g}
h = Equivalent time at service ’rempe%o(’t?w% Ti {120°F in this case)
\‘\\\\s
t = Time at temperature T2 /\\\
tr = 993 hours @ 211°F less %@@rgin
t2 = 993 hours @ 206°F @\;
<
N
B . NN .
T = Service ’remp?r\qtl{re (in °K) corresponding to 1
T = Service ’remQa\[g’rbre of 120°F = 322.04(°K) corresponding to t
T2 = Temp{e\rg’?’rure (in °K) corresponding to 12
T2 = I\\ekf’:’r\)?mperomre of 211°F less 5°F margin = 369.82 (°K)

cotresponding to ta '
phi = Activation energy (in electron voi‘rs)
phi = 0.96 eV s previously determined (also see Section DA)
k = Boltzmann constant, 8.617 x 105 eV/°K
H = 1, @ phifk (1/T1-1/12)
h = 993 hours X € (0.96/8.617 x 10-5 eV/K){1/322.04 - 1/369.82)
h = 8.145 EO4 hours
t = 9.29 years
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CONSERVATIVE CAPABILITY VS REQUIREMENTS MARGIN

The requirement was previously determined to be 360 days (or 24 hours/day x 360
days = 8640 hours) at 120°F. The demonstrated copoblll’ry of 8.145 EO4 hours at
120°F.

Therefore, the transmitters envelop the requirement with fhe following substantial -
margin:

PERCENT MARGIN CAPABILITY - REQUIREMENT X 100%

REQUIREMENT ,
XN

= 8.145 EO4 - 8640 X 100%

8640

= 843% | %@&

(i S}
This margin is almost two (2) orders of mogp@ e greater than the suggesTed
margin factor for consideration in IEEE 32—3(2@)

N,

C

The Gulton-Statham Transmifters aredemonstrated qualified for a very
conservative post-accident operoblllty requirement of 360 days with significant
margin. H@)

For convenience, the post- operohng time is provided in 1 degree F {1°F)
increments from 90°F to @Mex’rremely conservative 145°F in Figures and Tables
located at the end ofhis subsection.

NG
N

CONCLUSION

Transmitters are qualified for post-accident operability with substantial margin.
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FIGURE DT2 -- IEEE METHOD TO EXTRAPOLATE HELB/LOCA‘ TAIL FOR -
LONG-TERM POST-ACCIDENT ANALYSIS* - -

FOR NUCLEAR POWER GENERATING STATIONS . IEEE
- - Sid 322.1983
. ) /_wu Ty, (MARGIN MEASUALD 11 VERTICAL DIRECTION ONLY)
P, T’
.o €32MPLE CF TEST PROFILE COVERING
2 2 SEAVICE CIMOITIONS
LA .
Exanp € OF SRECIFIED SERVICE STNOITION -
PACHILE AS DEMNED BY USER (UPON wiiCh
MaRQINS SMOULO RE BASED)
CXTENOED PEQO TO ACCOUNT
/mw PERFCANANCE MARGIN
(MAY BE CHITTED wiTh m
» 1 JUSTIFICATICN,SES 8.2 ,)]

o % R ! | ©
S f @x

Fig1
Trpical LOCAJHELB Temperature and Pressure Hlustrating
Application of Time, Temperature, and-. Pre}\sure Margins

x@
O

TN
AQOITIONAL P!M@:ﬂ\slﬂr VO SCSSUNT FOR MARGIN

(\ :xnw\_ QF TYLT PROPILE WHICH ENYELOPS.
ERYICE CONOIION SROF|
’ T4 pasy. )) ¢ nL
’ T, % \
EXANMALE OF SPECIFILD SERVICT SSROITION
PROFILE AZ QEFINED BY USER
R EXTENCED PERIOD TO ACCQUNT
§ FOR PERFORKANCE MARGLN
¢ (MAY 8C CMITTEZD wiTh
‘O r°_ JUSTIFICATIONR IEZ €. 2.3}
' : :
]
i
L] T 1 o
'o N1 Ny ty deln,
) Ting
Fig2
Typical LOCA/HELB Temperature and Pressure [liustrating .

Additional Peak Transient to Account for Margin

*Please see previous discussion of NRC acceptance of approach first officially documented in
USNRC Regulatory Guide 1.63, Revision 3 (34, FigL_Jre taken from IEEE 323-19833), Figures 1 and 2.
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FIGURE DT3
" POST-ACCIDENT OPERATION vs TEMPERATURE 130°F - 145°F

PROPRIETARQY\DATA
FIGURE REMOVED

&\
&
&
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FIGURE DT4
POST-ACCIDENT OPERATION vs TEMPERATURE 115°F - 130°F

©<&,\
&%

PROPRIETA RY\QDATA

FIGURE REMOVED
Q&\@

¥

©©

<
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FIGURE DT5
POST-ACCIDENT OPERATION vs TEMPERATURE 100°F - 115°F

\©©
{@
Q@
PROPRIETAR\Y\DATA
FIGURE éEMOVED
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<
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FIGURE DT6
POST-ACCIDENT OPERATION vs TEMPERATURE 90°F - 100°F

PROPRIETAR&Y*DATA
FIGURE REMOVED
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&
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<
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o . . .., TABLEDT2
POST-ACCIDENT OPERATION vs TEMPERATURE DATA
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‘ TABLE DT2
POST ACCIDENT OPERATION vs TEMPERATURE DATA
(Continued)

O
%\(@
S
Q@
PROPRIETARY\DATA
TABLE, REMOVED

&\
”\\@Q

)
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SUBSECTION DP - PARAMETER PRESSURE

The transmitters are assumed to be installed throughout the plant. As such, they are
expected to experience the nominal atmospheric conditions (14.7 PSIA} during normal
operation.

OUTSIDE CONTAINMENT AND DRYWELL

During accident conditions for essentially all areas outside containment or drywell, the
accident pressure from a pipe break environment is typically less than 5 PSIG.*

As indicated in the data in Section B, Figure B1, the specified pressure was 17.6 PSIG
during accident simulation. Furthermore, consistent with the mcnrgln guidance of |EEE
323123, there was a requ;remen’r for a 15 PSIG margin for a ’ro{al)‘requwed pressure test
of 32 PSIG This is confirmed in the “"Change in Procedure” (C\@ P.) form NTS (Report®)
page 54) for C.O.P. L-4 where the needs to complete fu\nc’nonol testing led to
extending the exposure beyond the original plcnned@nod of fime.

The actual qualification tests were at saturated conditions as described in‘ “Change in
Procedure” (C.O.P.) from NTS (Report® page 55)\1‘or C.O.P.L-5. Asthe peak

temperatures of the Qualification Test descr/Lkg\e\d\m subsection DT were at 270°F or

higher (309°F peak] for fifteen (15) minutes, a’rQ/edeshng pressure is compatible wfrh an

actual LOCA (30-50 PSIG). . @‘\Y

All conditions outside drywell or copt <g&g\men’r should be enveloped with substantial

margin on the basis of a 32 PSIG quglfication, even when using the conservative 15
2 > .

- PSIG values suggested by IEEE \
INSIDE CONTAINMENT ANDyDRYWELL

For In-Containment orf{(m}vell -type accidents, the pressure can be appreciably higher
than other plon’r,clgjs)/Volues sugges’red by IEEE 38212} are as high as 70 PSIG for a
PWR and 30 PSIG\fora BWR (Mark Ill) in Figures B1-B3 of the standard. Actual plant
pressure conditions, Sworst case, relate to the saturated steam condition associated
with their accident event. Typical plants having performed detailed accident analysis
usually have a worst case environment of less than 50 PSIG, which corresponds to
worst case LOCA events with approximately 300°F peak tfemperatures. Main Steam
Line Breaks usually result in superheat conditions with an accident pressure well below
LOCA. The actual quadlification tests were at saturated conditions as described in
"Change in Procedure” (C.O.P.) form NTS (Report® page 55) for C.O.P. L-5. As the
peak temperatures of the qualification Test described in subsection DT were at 270°F
or higher (309°F) for fiffeen (15) minutes, the testing pressure is compatible with an
actual LOCA.

*NOTE: |EEE 382122 includes a Figure B4, “Reference Service Conditions Line-Break Parameters Outside
Containment (BWR and PWR)}" that indicates atmospheric pressure which may not be conservative.
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1,9,:9,.9.9.9.9.:0.9.9.9.9.9,:9.9.9.99.9.9.909999.9999999999999909999999099999099999009.90000

Should a user require specific pressure qualification above the 32 PSIG level used in
the LOCA “A’" Report (WhICh was exceeded by this test), Gulton-Statham should be
contacted as other data is, or may be available to meet a unique oppllco’non need
which is not “generically” provided.

CONCLUSION | ©©

<

The transmitters are considered qualified for this param {frﬁ@
typical areas outside containment or drywell.

ith substantial margin for

The transmitters (on a generlc basis) may not be\ qualified for this parameter, with
requisite expected margin for worse case acc:dents inside confalnmeni or drywell.

Contact Gulton-Statham for ussmonce for\o@\lque application.

Q)
Q@Q
o

<
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N

SUBSECTION DH -- PARAMETER: RELATIVE HUMIDITY

NORMAL OPERATION

The effects of humidity during normal operation are not considered to be degrading. -
The NRC has reached the same conclusion as industry that, "It has not been
demonstrated that the time dependent variation in humidity will produce any
differences in degradation of electric equipment,” as stated in comments to
10CFR50.49 (Federal Register, Vol 48, No. 15, page 2732, "*Comments”). The normal
relative humidity conditions specified for normal plant operation are almost always less

than 95%.
N

Note: The Gulton-Statham Tronsml’r’rers are deS|gned for norr@al operation at 100%
humidity ond are designed for submersible service*

ACCIDENT | Q@&

As an accident for an HELB event includes @(mpe break, as does the requirements for
qudalifying the Gulton-Statham Tronsml’r’rer§§(see Figure B1 of Section B), the units are
qualified for 100% humidity. °\0

The subsections DT and DP descnbe(g)’rhe accident LOCA “A” simulation. This was a
saturated steam qualification. S@r@’red steam, by definition, represents 100% relative
humidity at its saturation conc}n‘tgn This was the condition of testing which started ou’r
as all steam and was mom’rc\@ed at 100% RH as described in Figure B1.

Z
SO

I
CONCLUSION

The transmitters are demonstrated qualified for this parameter.

*The nuclear fransmitters are based on the commercial 3000 Series Transmitters which are used as
submersible industrial transmitters to measure reservoir/dam levels, sub-sea wellhead pressure, waste
water, and other applications that take advantage of the welded sealed construction.

NOTE: The present qualification test program did not include complete submergence under LOCAin
the sequence of testing such that a claim for nuclear submersion qualification after LOCA is not being
made. Unique application support is, however, available for many applications. Additional data is
found in Subsection DS. .

PAGE- D-32



25402-011-V1C-JQ08-00001-001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

SUBSECTION DC -- PARAMETER: CHEMICAL SPRAY

OUTSIDE CONTAINMENT AND DRYWELL

During accident conditions essentially all areas outside containment or drywell are not
subject to Chemical Spray. This parameter is therefore not applicable for the majority
of applications.

However, these units have been subjected to pipe break simulation and an
accidental spray of deionized water, as described in Figure B1, modified by Change in
Procedure (C.O.P.) form NTS (Report® page 51) for C.O.P. L-2 wiiege deionized water
was substituted for demineralized water. ©&

&%

INSIDE CONTAINMENT AND DRYWELL @

Inside drywell requirements of BWRs differ in their 35e:f spray systems. BWRs have
been de5|gned to include such sprays while o’r[@\rs do not have such spray systems. As
described in the previous porogroph deionizel sprc:y was used which may envelop
BWR applications where spray is used. AN\

For In-Containment of a PWR which use??boro’red chemical spray, the oppllco’non
has not been specifically enveloped\n% the LOCA "A” test being used for qualification.
Gulton-Statham Tes’nng for LOCA B)odded after the qualification program started as
described in Change in Procedu@) S.0O.P.) form NTS (Report® pages 52 and 53) for
C.O.P. L-2 would generally, b)enveloplng Specifically, Gulton-Statham added a PWR
Chemical Spray reqwremenT as part of its LOCA “B" test as described in Change in
Procedure (C.O.P.) formfNTS (Reporﬂ” pages 49 and 50) for C.O.P. L-1. However, due
to anomalies experlenéed during this test, no credit is being taken generically for this

test data. U

Should a user require specific Chemical Spray qualification for in-containment usé,
Gulton-Statham should be contacted as other data is or may be available to meet a
unique application need which is not being “generically” provided*.

*The nuclear tfransmitters are based on the commercial 3000 Series Transmitters which are used as
submersible industrial fransmitters 1o measure reservoir/dam levels, subsea wellhead pressure, waste
water, and other applications that take advantage of the welded sealed construction.

NOTE: The present qualification test program did not include PWR chemical spray testing such that a
claim for nuclear qualification during LOCA is not being made. Unigue application support is however,
available for many applications which would provide quadlification by analysis supported by test data.

~
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~ CONCLUSION

The transmitters are considered qualified for this parameter, with margin for typical
areas outside containment or drywell as they have been exposed to a spray
environment, and these areas do not see such an environment.

The transmitters requne user review for qualification for this parameter, with requisite
expected margin for worst case accidents inside dryweII or equivalent BWR
environments where spray is used.

Note: The LOCA “A” environment was originally developed f@meet the accndent
definition of a BWR (Reference 2.2.7 of NTS Procedure(19), Contacf Gulton-Statham for
assistance for a unlque application. .&

W%
The transmitters (on a genenc basis) may not be qg\a\l\lfled for this parameter, with
requisite expected margin for worst case cc<:|dents~m5|de PWR containment. Contact
Gulton-Statham for assistance for a unique appllcchon

P
<O

$©©
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SUBSECTION DR -- PARAMETER: RADIATION

The purpose of this review is to demonstrate that the Gulton-Statham Transmitters are
qudlified for all reasonably expected plant environments, including worst case generic
radiation.

The review is therefore generic. Radiation degradation of a material’s properties is the
result of its exposure to ionizing radiation. The amount of this degradation will depend
on the cumulative amount of radiation, the radiation sensitivity of the various materials
used in the item, and the function or required properties of the individual components
needed to prevent failure of the item. For environmental qualification purpose, only
Neutron, Beta and Gamma radiation doses are of concern. The“rhree (3) radiation
types have different physical interactions, but the total rodlohon dose is generdlly the
controlling mechanism. \\)

The general considerations concerning radiation Type@re summarized below:

. Gamma radiation, due to ifs pene’rro’rlng power is important for both airborne
and contained sources and is used in vendor qualification tests and is
acceptable to the NRC.

. Beta radiation is usually |mpor’fon’rf§|§ly for airborme sources, but, due to its low
penetration power, its effect is @ attéruated by a thin covering of metal or
insulation. The basic design of\The Gulton-Statham Transmitter with its sealed
construction and metal enc&semen’r of vital susceptible organic, essentially
precludes Beta concerngs

Qo

/'_/
é

. Neutrons are |mpor’ron’r only inside the reactor covfry The transmitters are
obviously not subjemL To neutron radiation.

Radiation degrodoho@r Aging, if it is 5|gn|f|com‘ is generally proportional to the total

radiation dose Th&quupmen’r has received in its lifetime. This is often called “Total

Integrated Dose” or T.I.D.

The unit of radiation normally used to measure doses to materials is the RAD. It
represents an absorbed dose (i.e. energy deposited in the material) of 100 ergs/g.
Dose from any type of radiation (Neutron, Beta, Gamma) can be expressed in Rads.

Radiation effects or material changes can be positive or negative. Negative changes
are the primary concern for EQ due to its significance to qualification. But, a definition
of negative is application-dependent. For example, the cross-linking of polyethylene
under radiation causes significant reduction in elongation and increase in hardness
and tensile sfrengfh For a specific application, the radiation-changed material may
be preferred. This is often the case for cross-linked polye’rhylene (e.g. cross-linked
polyethylene used in SIS wire, Firewall lii, etc.)
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Electronics have a transient radiation effect, as explained in Section A, and NTS
Analysis Report (Exhibit | to NTS Procedurel19), Paragraph 5.5.4). Gulton-Statham
exposed the units to high dose rates and monitored results during exposure for
conservatism. Actual accuracy results are shown in Section A.  All were satisfactory.

-GENERI-C REASONABLE RADIATION VALUES

The total integrated dose of 20 Megarads is generically acceptable and reasonable
value, even for containment established for both old and new plants by the NRC
[values that exist up to an order of magnitude greater are derived from very
conservative IEEE guidance in various standards, e.g. IEEE 383-1974, Reference 23
(Paragraphs 2.3.3.3 and 2.4.2), has 200 Megarads].

There are no known pressure transmitters in any drywell of any BW@ in the United
States. Consequently the limiting condition for generic selec’r(lcm\of a radiation value is
PWRs, which do contain pressure fransmitters. Use of the PWR&ln\)com‘ommen’r value is
considering envelopmg for The entire plant (although a umque application may exist).

Prior to the issuance of the EQ Rule!!) during the lote\l\??@s much discussion occurred
to establish a bounding radiation value that was boeth realistic and conservative,
without adoption of the believed unrealistic vo{l\u\es in ’rhe aforementioned IEEE
standard. When the NRC undertook the Tosk@\)\f reviewing every operating reactor in
the late 1970s and eorly 1980s (opproxmo’relyj\seven’ry units), they established an
acceptable screening criteria in their Bt%lle’nn/‘ro the Industry?), Enclosure 4, DOR
Guidelines, Section 4.1, “Service Condmons Inside Con’rommen’r for a Loss of Coolant
Accident LOCA" which was as foIIoW‘(s

“"Gamma Radiation Doses -- A(jg \‘rgl SGamma dose radiation condition of 2 x 107 rads is
acceptable for Class 1E Eqwbmven’r located in general areas inside containment for

PWRs for dry type con’romrgem‘s "

The USNRC current Reg@ory Guide for EQ, RG 1.89, Revision 1018 (NRC staff
expectation for oll recen’r or new plants in US), contains an Appendix D, “Me’rhodology
aond Sample Colcu\lohon for Qualification Radiation Dose" that addresses the issue.

This document is m&ant to envelop the largest nuclear plants (volume up to 2.5 million
cubic feet and 4100 MW thermal rating) and contains the following in Paragraph 5,
“Conclusion;” _

“The values given in Table D-1 and Table D-2 and Figure D-1 for the various locations in
the containment provide an estimate of expected radiation qualification for a 4100
MWt PWR design.”

The total one (1) year Gamma dose from an accident is given as 1.54 EO7 Rads. Even
if an incredible 10 Rads an hour was at the transmitter location, normally, this only
becomes 0.35 EO7 Rads in forty (40) years {3.5 EO5 hours x 10 Rads/hr) such that a 2 EO7
Rad value is clearly a reasonable generic value.

Consequently, for our review, we use this radiation value.
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CAPABILITY DEMONSTRATED BY QUALIFICATION TEST

As indicated in the NTS Report®), Paragraph 5.2.3, NTS Report pages 5 and 6, the
transmitters were irradiated by a Cobalt 60 source. As indicated in NUREG 0588(¢! for
the most stringent qualification requirements (NRC designated NUREG 0588, Category
1 equipment) Paragraph 2.2, “Qualification by Test,” subparagraph (12), “Cobalt 60 is
an acceptable Gamma radiation source for environmental qualification.”

The NTS Change in Procedure (C.O.P.) form NTS (Report® page 47) or C.O.P. 13
identifies eight (8) transmitters for irradiation at a T.1.D. of 33 and 55 Megarads, nominal
for the PD 3200 and PG 3200 transmitter units. All of these units (two of each type),
were exposed to either the LOCA “A" or LOCA "B" accident profiles (see Figures 7 and
8 of NTS Report®, NTS pages 23 and 24).

Specific Do’ro (August 9, 1983 certification) provided by the lrr(@éirl&on facility found in
Exhibit 1 of the NTS Report, indicate the following for the ’rronsmv)r’rers of interest (those
which went on to Seismic Qualification and LOCA “A” Quehflcohon)

PG 3200-100 XXXXX @

2 hours @ 3.10 Megarads/Hr

6.2 I\‘Qegorods

<
23.17 hours @ 2.12 Megarads/Hr @Oﬁ Megarads

TL.D. ' °§@ 55.21 Megarads
PG)3200-100 XXXXX
O -
2.52 hours @ 3.10 Megorods/ = 7.812 Megarads
%

418 hours @ 2.12 Megg@s/Hr 8.862 Megarads

Y

14.18 hours @ ].QQEQAe.gorods/Hr

17.3 Megarads
T.1.D. =  33.974 Megarads
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PD 3200-200 XXXXX
2 hours @ 4.4 Megarads/Hr = 8.8 Megarads

7 hours @ 2.03 Megarads/Hr

14.21 Megarads

9.5 hours @ 1.25 Megarads/Hr

11.875 Megarads
T.1.D. =  34.885 Megarads

PD 3200-200 XXXXX
_ O

8.8 Megorcds

&

46 59 Meg&agls

55.49 Megarads

<)

The data presented does not account fo&d@imefw pofen’riol uncertainty. Radiation
data provided with the NTS Report®, Exhlbyﬂ‘v} includes a review of the dosimetry used
against NBS measurements with a worsﬁ\cese percent (%) difference shown of -6.08%.
To be conservative, we will mcreose:’rho'r worst case uncertainty by more than 130% to
a worst case uncerfolm‘y of -8% @e%corded or stated dose.

CASE 1 - LOWER BOUNDARY/OF\DEMONSTRATED QUALIFICATION

2 hours @ 4.4 Megarads/Hr

23 hours @ 2.03 Megarads/Hr
T.I.D.

The least radiation doseqe@ewed for any fransmitter was for transmitter

PG 3200-100 XXXXX withNa T.1.D. of 33.974 Megarads. Applying the worst case

- uncertainty of 8%\reg§b»|-T}s in a conservative assumed radiation of 31.26 Megarads (0.92
X 33.974 = 31.26).

CASE 2 - UPPER BOUNDARY OF DEMONSTRATED QUALIFICATION

The greatest radiation dose received for any transmitter was for transmitter

PD 3200-200 XXXXX with a T.1.D. of 55.49 Megarads. Applying the worst case
uncerfainty of -8% results in a conservative assumed radiation of 51.05 Megarads {0.92
x 55.49 = 51.05).

Every tfransmitter functioned properly, as described in Section A, such that it is
reasonable to claim a nominal radiation capability up to 51 Megarads.

MARGIN IN QUALIFICATION OVER GENERIC WORST CASE ENVELOPING VALUE

As demonstrated previously, a reasonable radiation requirement for nuclear power
plants is 2E07 Rads, T.1.D. Margin in Qualification is compared to this number.
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CASE 1 - LOWER BOUNDARY OF DEMONSTRATED QUALIFICATION
MARGIN = (CAPABILITY - REQUIREMENT)/(REQUIREMENT) X 100%
MARGIN = (31.26 E06 - 20 E06)/(20 E06) X 100%

MARGIN = 56.3%

" CASE 2 - UPPER BOUNDARY OF DEMONSTRATED QUALIFICATION
'MARGIN.= (CAPABILITY - REQUIREMENT)/(REQUIREMENT) X 100%
MARGIN = (51.05 EO6 - 20 E06)/(20 E04) X100% @
MARGIN = 155.25% &%

These margin values are significantly greo’rer than T Th\ 10% suggested margin factor for
consideration in |EEE 323(2 3],

&

The Gulton-Statham transmitters are demons:r;réfed qualified for a very conservative
radiation levels, up to 51 Megarads. . @

N

CONCLUSION | Q§©‘y
N

Transmitters are quqllfled for radiation to worst case industry generic values with
substantial mcrgm\
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SUBSECTION DA - AGING

The purpose of this review is to establish a qualified life for the transmitters and which
may be installed in various plant areas.

For maximum usefulness, this Section provides data to allow determination of qualified
at various temperatures.

The aging data (Figures DA1-DA4 and Table DAT1) provides information on Qualified
Life in one degree F (1°F) increments from 70°F* to 130°F, which will facilitate
convenient adjustment and should exceed all application needs.

- As indicated in QDR Section D, subsection DT, temperature rise QUe to opercmon of the
low level current-carrying transmitters is negligible.- Therefore(fh)e temperature rise
does not need to be considered when es’robllshlng the quellfled life for these
ms’rrumen’rs &

The following analyses and calculation is prowdeg\’r%) dej’}ermme the quailified life for
the tfransmitters based on the pre-aging testing by GYlton-Statham as summarized
below.

TRANSMITTER EVALUATION &@&

The transmitters were type-tested as c(lescnbed in the NTS Report® in QDR Section G.1.
As part of the type-testing, the ’rronsmlﬁers were thermally aged as stated in Section
5.2.1 of the NTS Report® (NTS Repo\r’&poge 4). the original basis for thermal aging was
a 221°F exposure for 11.9 doys for ’rhe\’rronsml’n‘ers which was extended by an error by
NTS leading to an exposur \pened of 16 days and 6 hours (total of 390 hours), as
documented in NTS No’rice/ei)Dewchon #1 (on page 56 of the NTS Report). Review of
the NTS procedures an &repor’r (References 9 and 10) and the various data sheets,

confirms the foIIowmg\@

1. Initial OHQ|YSI§>by NTS was based on aging the transmitters for the least capable
organic material used (Neoprene O-Rings), which have an activation energy of
0.87 eV, followed by Silicone solid-state components, with activation energy of
0.96 eV. Time temperature curves with these activation energies are presented
in Figures 1 and 2 of the Analysis Report (NTS page number 45 and 46), forming a
part of the NTS Procedurel'9, The actual time temperature analysis based on
Arrhenius aging theory is presented in the analysis in Paragraphs 5.3.2.5 and
5.3.2.6. The PD 3218 units contained the Neoprene O-rings in the “smaller
junction boxes™ described in the NTS Procedure!%, Paragraph 3.2.1 and were
aged separately and earlier than the PD 3200 and PG 3200 units demonstrated
qualified in this QDR (e.g. only the total of eight (8) PG 3200 and PD 3200 units
planned for LOCA *A” and LOCA “B" exposure were exposed to the 16-day
and é-hour aging of subject to aforementioned Notice of Deviation #1).

*Even though a plant location may be less than 70°F during periods of the fransmitters’ installed life, the data below
70°F is not provided as the qualified life at 70°F is well beyond plant license duratfion. See Figure DAT.
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2. The PD 3200 and PG 3200 units were mechanically cycled for 1000 cycles in lieu
of original plan for 572 cycles {Change of Procedure 2 in NTS Report®), page 39),
- which was accomplished by cycling from 25% of the maximum pressure value
(URL) to 75% of this value then back to the 25% pressure value. This is very severe
as the cycle rate is high to accomplish the cycling during thermal aging and
cycling is occurring while the units are being stressed in the thermal oven.

3. As the transmitters were in the oven and the only means of calibration
adjustment is with the magnetically-coupled adjustment screws shown in Figure
A3, the units were functional throughout their demonstrated qualified life
without calibration adjustment. Accuracy checks during the aging exposure
and post-aging confirmed operability within qualification.deceptance values
established in Section A (e.g. Tables A9 and A10). | ©\\

9

The determination of qualified life is therefore boseé\o@’?\he testing of the tfransmitters

based on the weak link, lowest activation energy%omponen’r. This is the Silicone solid-
state components with an activation energy oskfz)\reviously determined of 0.96 eV.

~ Using Arrhenius methodology and the “weoke’*s\j\“lii\nk” component argument, the

above thermal aging test data was conwen@’ro a qualified life line equation for the

complete unit.
@

The following calculations are p@ﬁ®ed to determine the actual quadlified life of the
transmitters based on Gulfon-%;d@oﬁﬂ thermal aging data and an assumed
conservative ambient ’remg‘é:ro’ryre of 100°F. This is an example of the approach, as
this QDR is providing FiguressBAT through DA4, as well as Table DA1 for user access to
results from sixty-one (611):@\”é>lculofion (in 1°F increments) of qualified life from 70°F

through 130°F. Tobi@k Brovides input data for easy user checking.

EXAMPLE QUALIFTQE FE ANALYSIS FOR TRANSMITTERS

PURPOSE: To determine the Qualified Life by use of one (1) example
demonstrating the approach used to provide qualified life for
ambients of 70°F to 130°F. The analysis is based on 100°F for
convenience (mid-range of provided data to the user).

REFERENCE: Generic Plant Requiremen’fs developed earlier in subsection DT and
Test Data (see previous review of Type-Test Data presented in Figure
DT1 and Table DT1).

BASIS: | The continuous ambient temperature is assumed (for this illustrative
calculation) to be 100°F.
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The basis for this analysis is the Arrhenius* equation which is defined as follows:

b= tpeshik(m-m)
Where:
h = Equivalent time at service temperature T
to = Time at temperature T2
T = Service temperature (in °K) corresponding to
T2 = Temperature (in °K) corre‘sponding to t2
phi = Activation energy (in electron volts),
k = Boltzmann constant, 8.61 7 xé‘}g*DeVPK

&®
An activation energy of 0.96 eV was identified in the ogtgg analysis based on NTS
materials breakdown review (as described in this suBseé‘ﬂon DA) for the weak-link
component used in the qualified Gulton- Statham Transmitters and the footnote
below**.

)
QUALIFIED LIFE DEMONSTRATION X @&&
7
Sample Case: Continuous 1?@@@

&&\
A
Equwelenf time at service temperature Ty (100°F in this
<cose)

Where:

—
1]

& Time and Tempero’rure T2
%(@ 360 hours @ 221°F

= Service temperature (in °K} corresponding to t

T = Service temperature of 100°F = 310.93°K corresponding
to
T2 = Temperature (in °K) corresponding to 2

*Use of Arrhenius methodology is the NRC accepted method as stated in NUREG 0588(8) where it states in Section 4 (for
the most stringent NUREG 0588 Category 1), subparagraph {4) The Arrhenius methodology is considered an
occeplfoble method for addressing accelerating aging.” An excellent text on the approach and ifs “limits” is EPRI NP
1558135

**The worst case activation energy was provided for a Neoprene gaosket (*O"-Ring) not used in these fransmitters;
Viton™ is ufilized. The 0.96 eV value is for the next lowest activation energy item, Silicon solid-state components. Refer
to NTS plots from Figures 1 and 2 of Exhibit | to the NTS Procedure (19 {Analysis Report pages 45 and 46).
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T2 = Test temperature of 221°F = 378.15°K corresponding to
12 ‘

phi = Activation energy (in electron volts)
phi = 0.96 eV as previously determined
k = Boltzmann constant, 8.617 x 105 eV/°K
H = t, e phi/k (1/T1-1/12)
f = 390 hours X e (0.96/8.617 x 10-5 eV /K){1/310.93 - 1/378.15)

<g\
h = 2.277 EO5 hours o\@
t = 25.99 years \ A\&

@
A\

oo

>
S 7 fo
DATA FOR QUALIFIED THERMAL LIFE BASE@:QN 70°F TO 130°F AMBIENTS

R

Data presented in Figures Q&}{;Qrough DA4 and Table DA1 provide readily useful
qualified life data for the use’\ri The results are based on thermal degradation
concepts using RegulateryAdency accepted approaches. Obviously, qualified life
for transmitters of hundreds of years does not account for obsolescence or other
aspects which wg@g;\{\ligﬁif life. (Likewise, this data should not be misconstrued to imply
that tfransmitters dQ;ﬂ@T belong under a prudent calibration, plant surveillance and
maintenance program). This data is presented to illustrate the substantial margin
which exists at moderate ambient temperatures and allows easy user use of Gulton-
Statham data.
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FIGURE DA1
QUALIFIED LIFE vs TEMPERATURE 70°F - 85°F

Aging Demonstrated Versus Temperature
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FIGURE DA2
QUALIFIED LIFE vs TEMPERATURE 85°F - 100°F
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FIGURE DA3
QUALIFIED LIFE vs TEMPERATURE 100°F - 115°F

¢
%@
N
PROPRIETARY DATA

FIGURE REM@»VED

‘0
@

QD
. Q@Q
&

PAGE- D-46



25402-011-V1C-JQ08-00001-001

GULTON STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

FIGURE DA4
QUALIFIED LIFE vs TEMPERATURE 115°F - 130°F
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TABLE DA1
QUALIFIED LIFE vs TEMPERATURE DATA
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PROPRIETARY D\lA;PA
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TABLE DA1
QUALIFIED LIFE vs TEMPERATURE DATA
(Continued)
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SUBSECTION DS -- SUBMERGENCE

SUBMERGENCE GENERALLY NOT REQUIRED

Pressure Transmitters are generally not located in an area in which post-accident
submergence is necessary in a nuclear power plant or similar regulated nuclear
facility. Consequently, the comprehensive test program instituted for the nuclear
qualified Gulton-Statham Transmitters did not include submergence in the initial
phase of qualification.

GULTON-STATHAM SUBMERGENCE QUALIFIED TRANSMITTERS @

However, the Gulton-Statham Transmitters are rather Unlqué\Lg;rhe industry, as they
are based on the Gulton-Statham 3000 Series (with enhg\\n(@d radiation-hardened
or temperature-capable materials), within the Gult n~S’ro’rhom hermetically-
designed enclosure. Gulton-Statham Tronsml’r’rers\\grq (@und in submerged service
to measure reservoir/dam level, sub-sea well heod pressure, shipboard ballast
control, in-ground tank level, as well as wos’rewgfer applications.

Subsequent to completion of the initial ’res’r@for LOCA quollﬁcohon Gulton-
Statham provided submergence Tes’rlng/Thls is documented in Project
Engineering Report 0648-84-200-NUC+ 07\1‘1/‘ 3200 Series Nuclear Qualified Pressure

Transmitters Submergence Test Rep\o)rj\\&’ dated September 9, 1985.

Using one each of the “con’rr@fe@’ units from the qualification testing (PD 3200-200
XXXXX and PG 3200-100 XXXXX) which is shown traceable fto the original
qualification program |n/Se \hon 2K of Part A of this Qualification file and the
junction box which w/en’r ’rhrough LOCA testing (PD 3200-200 XXXXX and PG 3200-
100 XXXXX), a very « ﬁ?ervohve test configuration was established.

Using a test set-up consistent with that described in Section A and the same five (5)
point function test method, the units were submergence tested for fourteen (14)
days in five (5) feet of enhanced conductivity water. The units performed
satisfactorily.

Nofe: The testing was not done under an external pressure condition. However, it
does demonstrate submergibility in situations enveloped by the testing.
Furthermore, it validates the integrity of the Viton™ gasketed Gulton-Statham
junction boxes and further enhances the demonstration of the overall integrity of
Gulton-Statham Transmitters.
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CONCLUSION

1.

Submergence capability demonstrated within the limits of Project
Engineering Report 0648-84-200-NUC-0711, “3200 Series Nuclear Qualified
Pressure Transmitters Submergence Test Report” after severe harsh
environment exposure.

The scope of this qualification file is demonstration of a completely qualified
fransmitter for all events associated with worst case accident exposure.
Most often submergence service is for a unit which does not see the very
harsh level of qualification in this program. Therefore, for most applications,
a far more comprehensive level of submergence (in harsh fluids, under
pressure, etc.) is available.
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REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION
REVIEW PACKAGE
FOR | Q
°. )
AMETEK AEROSPACE GULTON-STATHAM PRODUCTS

NUCLEAR QUALIFIED &
PRESSURE TRANSMITTER SERIES ENVELOPlNG ---
N

GAGE PRESSURE-TRANSMIT'[Q\? SERIES PG 3200
DIFFERENTIAL PRESSURE '[RA@//QMITTER SERIES PD 3200
DIFFERENTIAL HIGH PRESS%@TRANSMITTER SERIES PDH 3200
DRAFT RANGE PRESST]RE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM SEALfIFF@ENTIAL PRESSURE TRANSMITTER SERIES PD 3218

@\

REMOTE DIAPHRAGM SEAL DIFFERENTIAL HIGH PRESSURE TRANSMITTER SERIES PDH 3218

NI

’@w
SECTIONE

INSTALLATION AND MAINTENANCE REQUIREMENTS
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MAINTENANCE REQUIREMENTS / INTERVALS

This equipment does not require special maintenance/surveillance as the basis for
continued qualification. Furthermore, no maintenance or surveillance requirements
have been established as a result of this qualification review.

Maintenance which would be identified herein if it was necessary, is that which is
required to ensure continued environmental and seismic qualification.

The user is expected to evaluate and justify deviations from recommendations in the
Gulton-Statham instruction manuals in compliance with the appropriate quality
requirements (e.g. 10CFR50 Appendix b, ASME NQA-1) in effect at the user
installations.

For transmitters in a pipe break environment or submerged service where the integrity
of the junction box seal relates to retention of qualification, Gulton(’Statham instruction
manual recommendations for replacement of the Junction box fO rings after O-Ring
disturbance. In addition, the customer who procures unlts W|th(Qut Gulton-Statham’s
junction box (Code 2 deS|gnat|on on Tables A2, A4, A8), plpe break areas must use
metallic conduit/flex conduit with metallic core to the NPT onnectlon on the

transmitter. @
REPLACEMENT REQUIREMENTS A Q :

NONE. As discussed above, equipment quallf" ca’uon does not rely upon replacement
intervals. For harsh environment transmitters, \the Qualified Life demonstrated
(Section D, Subsection DA) should be con@lered

STORAGE REQUIREMENTS °\@

A ,
No special requirements are contalned in the qualification documentation. Storage
requirements are not appllcable for installed transmitters. Spare parts are stored in
accordance with ANSI N4§/2\2 “Fevel B.

INSTALLATION REQUIREMENTS

No special EQ prowsuons are necessary other than installation in accordance with the
installation ms(tr\ugl@ns or user-evaluated alternate demonstrating equivalent
installation quality=—Installation that deviates from test configuration should be
evaluated by user to assure the qualification envelops user configuration.

Replacement and spare parts should be maintained consistent with the present _
qualified configuration. Note that the requirement for adequate attention to quality and
surveillance is the cornerstone to assurance of adequacy of Class 1E Equipment.

The installation of all Gulton-Statham Transmitters should be in accord with the
recommendations of the Gulton-Statham instruction manuals.

The response time for the PD/PDH 3218 units with remote diaphragm seal, is a
function of the capillary length. contact the factory for expected response time. In
addition, placement of the Remote Low Pressure and High Pressure Seal, if in
different ambient temperatures, will cause an offset which should be compensated for.
Contact the factory for the expected correction to apply.
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REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION
REVIEW PACKAGE
FOR ; @
: :%©
AMETEK AEROSPACE GULTON-STATHAM PRODUCTS

«{J

NUCLEAR QUALIFIED, @
PRESSURE TRANSMITTER SERIES\ENVELOPING

GAGE PRESSURE TRANSMITTE%SERIES PG 3200
DIFFERENTIAL PRESSURE TR\QCN\SMITTER SERIES PD 3200
DIFFERENTIAL HIGH PRESS:UR@EZTRANSMITTER SERIES PDH 3200
DRAFT RANGE PRE;STJ\RE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM SEAL/DI%QFERENTIAL PRESSURE TRANSMITTER SERIES PD 3218

REMOTE DIAPHRAGM SEALfIIFFERENTIAL HIGH PRESSURE TRANSMITTER SERIES PDH 3218

=

SECTION F

QUALITY ASSURANCE ASPECTS IN SUPPORT OF QUALIFICATION
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TRACEABILITY OF TRAINING ORIENTATION AND QUALITY ASSURANCE
DOCUMENTATION

Each preparer and reviewer of this documentation package has been specifically
trained and oriented to assure that their technical efforts are based on a familiarization
to the EQ requirements. Actual signed-off training/orientation is available in Quality -
Assurance Records.

REVIEW OF NRC OR REGULATORY AGENCY DOCUMENTS PERTAINING TO
QUALITY ASPECTS OF GULTON-STATHAM EQ

No specific NRC Notice or Bulletin exists relating to Gulton-Statham Transmiitters.
Other transmitter industry concerns, such as the loss of ail fill in capamtance type
transmitters are not applicable to Gulton-Statham.

Discussion of the method used by Gulton-Statham to preclude ¢ co’rﬁ?ern for the oil fill
problems of other vendors "% is provided in Figure A14 and S@tlon A, Paragraph
2N. T

DESIGN CHANGE SUMMARY AND EVALUATIONS DI ({%IlONSTRATING THAT
CHANGES TO GULTON-STATHAM CONFIGURATIONS SINCE QUALIFICATION
TESTING DOES NOT DEGRADE QUALIFICATION=)

Gulton-Statham has a controlled system for de§|§n changes and evaluation of
conflguratlons which assure continued qualifi catlon Gulton-Statham Report
PER-1176 ©®® and document number N00182» ) document all of the changes.
Typical design changes include the enQé‘n}cement to preclude oil loss problems
exhibited by others (see Figure A14)?and/the ab|I|ty to support an instrument loop of

10-50 mA. Q\
Also included are the change&@ro revising the PD 3218 units to change from
Neoprene to Viton™ O- ings and lead wire from PVC to Kapton™,

Drawings following this= &ction reflect the general configurations of transmitters at
time of initial quallfpatfoﬁ’test Comparison to the same transmitters in Section A
figures as well as{ch\eﬁe&gn control at Gulton-Statham assures production
transmitters araztraceable to qualified transmitters. The original Gould Inc. drawings
included are: v

68803-000~(TAB)
68997-000-001
70006-000-001
70017-000-001
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QUALITY ASSURANCE RECORDS OF SPECIFIC UPDATES OR MODIFICATION
TO EQ TEST REPORTS FORMING BASIS FOR TRANSMITTER QUALIFICATION

During the evolution of the use of the original qualification reports, the following
specific modifications or updates were necessary:

. An Examination, Tabulation, and Plotting of the actual LOCA “A” Profile from
the data log of testing. Prepared by Kevin Klem (Gulton-Statham Product
Manager), and Verified by Paul Mesmer, Vice President of Quality Assurance),
dated November 28, 1995 (Enclosure F1).

. Examination and Reconciliation of Missing Pages for NTS Report #528-0994.
Letter from Gulton-Statham (Kevin Klem) to QUAL-TEK (Lawrence Gradin),
“Follow-up to your request for the pages missing from the NI S #528-0994,
Revision B sent to you,” dated November 13, 1995 (Enclos%re F2).
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TABLE F1

LIST OF MEASUREMENT & TEST EQUIPMENT USED FOR
FUNCTIONAL TESTING OF PD 3200 TRANSMITTERS

(Derived from original Gould Project Engineering Report 1006). Other Measurement & Test
Equipment used by Test Lab is found in reports located in Section G.

TEST MEASUREMENT EQUIPMENT SPECIFICATIONS |

INSTRUMENT: PRESSURE STANDARD, OPTICAL
PRESSURE SENSOR WITH PRESSURE
SOURCE DRY NITROGEN

MANUFACTURER: Heise
MODEL: - Digital Pressure Standa”ré\
SERIAL NUMBER: 0001/201/066 (0>
RANGE: 0-100 PSIG N
ACCURACY: - 0.1% of reading @
CALIBRATION DAY: June 14, 19837,
CALIBRATION DUE: October 1@9‘83

\X
INSTRUMENT: DIGIEKfA\‘é%MULTIMETER
MANUFACTURER: Fluke>
MODEL: | ~_g800A

D0

SERIAL NUMBER: o (Z00001/504/224 and 00001/504/151
RANGE: , &\ Gsed 200 VDC Range
ACCURACY: 0.01% of Input

CALIBRATION DAY: <®Q March 24, 1983
N

CALIBRATION DUE: September 24, 1983

INSTRUMENT: ny DATA LOGGER
MANUFACTURER: Fluke

MODEL: 2240B ,
SERIAL NUMBER: E14735 (NTS)
RANGE: Used 40 VDC Range
ACCURACY: Output Verified by Calibrated Digital Multimeter
INSTRUMENT: POWER SUPPLY
MANUFACTURER: Power Design Inc.
MODEL: 4005R

SERIAL NUMBER: 0002/510/010
RANGE: 0-50VDC

ACCURACY: Output Verified by Calibrated Digital Multimeter
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INSTRUMENT: PRESSURE TRANSDUCER
MANUFACTURER: Gulton-Statham
MODEL: PA8200-200
SERIAL NUMBER: 30
RANGE: 0 - 200 PSIA
ACCURACY: 0.25% of range
INSTRUMENT: PRESSURE CALIBRATOR
MANUFACTURER: Gilmore
MODEL: 289
SERIAL NUMBER: 3553
RANGE: _ 0 - 6000 PSI _
ACCURACY: . Calibrated against Dial Pressure Gage
INSTRUMENT: DIAL PRESSURE GAGE, BOURDON TUBE
WITH PRESSURE‘SQURCE WATER

MANUFACTURER: Heise \
MODEL: H12064 <K
SERIAL NUMBER: 00001-201-128;
RANGE: 0 - 5000 PSh ¢
CALIBRATION DAY: July 7, 19832
CALIBRATION DUE: November 7, 1983

A?%\

N
INSTRUMENT: 'IATA’ LOGGER
MANUFACTURER:
MODEL: \8000
SERIAL NUMBER: & 23454
RANGE: Multiple
ACCURACY: © Output Verified by Calibrated Digital Multimeter
/\‘”\(

INSTRUMENT: % POWER SUPPLY
MANUFACTURER: Harrison
MODEL: 6205B
SERIAL NUMBER: @) ) 6K0814
RANGE: , 0-80VDC
ACCURACY: Output Verified by Calibrated Digital Multimeter
INSTRUMENT: OSCILLOSCOPE
MANUFACTURER: Tektronix
MODEL: 7603N
SERIAL NUMBER: 1/501/048
RANGE: smV & 50mV/cm-Voltage/2msec/cm-Time
ACCURACY: 3% of indicated value
CALIBRATION DAY: March 2, 1983

CALIBRATION DUE: September 2, 1983
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TABLE F2

LIST OF MEASUREMENT & TEST EQUIPMENT USED FOR
FUNCTIONAL TESTING OF PG 3200 TRANSMITTERS

(Derived from original Gould Project Engineering Report 1005). Other Measurement & Test
Equipment used by Test Lab is found in reports located in Section G.

TEST MEASUREMENT EQUIPMENT SPECIFICATIONS ‘
INSTRUMENT: v PRESSURE STANDARD, OPTICAL PRESSURE

SENSOR WITH PRESSURE SOURCE DRY
NITROGEN
MANUFACTURER: Heise
MODEL.: Digital Pressure Standard
SERIAL NUMBER: _ 0001/201/066
RANGE: | 0 - 100 PSIG ©\>
ACCURACY: 0.1% of reading
CALIBRATION DAY: June 14, 1983
CALIBRATION DUE: October 14, 1983 (\ @&
\\
INSTRUMENT: DIGITAL MUEEIMETER
s
: 02
SERIAL NUMBER: ' 00001/ 047224 and 00001/504/151
RANGE: : Used\ ’00 VDC Range
ACCURACY: 0.04% of Input
CALIBRATION DAY: {Mérch 24,1983
CALIBRATION DUE: ©September 24,1983
f\Q
N
INSTRUMENT: x< DATA LOGGER
MéNléFACTURER: (\ IZ:I2u4k0eB
MODEL: N
SERIAL NUMBER: \@ E14735 (NTS)
RANGE: svs Used 40 VDC Range
ACCURACY: Output Verified by Calibrated Digital Multimeter
INSTRUMENT: DATA LOGGER
MANUFACTURER: Kay
MODEL.: 8000
SERIAL NUMBER: 23454
RANGE: Multiple

ACCURACY: Output Verified by Calibrated Digital Multimeter
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INSTRUMENT: POWER SUPPLY
MANUFACTURER: Harrison
MODEL: 6205B
SERIAL NUMBER: 6K0814
RANGE: 0-80VDC
ACCURACY: Output Verified by Calibrated Digital Multimeter
INSTRUMENT: POWER SUPPLY
MANUFACTURER: Power Design Inc.
MODEL: 4005R
SERIAL NUMBER: 0002/510/010
RANGE: 0-50VDC
ACCURACY: 8utput Verified by Calibrated Dial Pressure
o O
NV

INSTRUMENT: PRESSURE TRANSDUCER
MANUFACTURER: Gulton- Statham&
MODEL: PA8200-200
SERIAL NUMBER: 30 .
RANGE: 0 - 200 PSIA
ACCURACY: 0.25% of range

ﬁ%\

A Y

INSTRUMENT: O\SCILLOSCOPE
MANUFACTURER: @Tektronlx
MODEL: <Z603N

SERIAL NUMBER:
RANGE:
ACCURACY:

CALIBRATION DAY:
CALIBRATION DUE:

&\
AR

'&

&

1/501/048

5mV & 50mV/cm-Voltage/2msec/cm-Time
3% of indicated value

March 2, 1983

September 2, 1983
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NOTES:
). DIMENSIONS ARE BASK UNLESS OTHERWISE SPECIFIED.
2, APPROXIMATE WEIGHT ! 12,9 POUNDS {3.6.8 wiLoGRAMS].
/2\ PROTECTIVE CAP, 2 PLACES.
/d\ LOW PRESSURE INPUT,
/3\ WIGH PRESSURE INPUT.
[\ GROUND BLOCK,
/7\ owobe. .
/8\ WIRE COLOR: GREEN ! GROUND,
/3\ WIRE COLOR: YELLOW AND WHMITE i NEGATIVE.
£\ WIRE COLOR: BLACK ; POSITIVE.

tl. ORDER CODES
PD3%200

PDH3200" ﬁ—‘f"‘ "‘x'“"zt‘_v o
RANGE . ’ l ‘L MECHANICAL ACCESSORIES
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CAP CONFIGURATION PROCESS WETTED PARTS
ELECTRICAL
TERMINATION .

- 2.82

A\ voLe ror sstTAG wiRe. [i'l’%' (n.7}
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L8] M
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NOTES:

o /3\ PROTECTIVE CAP, & PLACES.
/A\ GROUND BLOCK.
/5\ DIoDE.

[/a\ WIRE COLOR i GREEN/ GND.

/8\ WIRE COLOR? BULACK /FOS.
[\ WOLE FOR $5T-TaG WIRE.

—* 10. ORDER CODE:
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7 o T
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DATE

8983

8/10783

a11/83
8/12/83
&/13783

8/14/83

B/15/33

&r1e/m3

8/19/83
929783

LOCA A" PROFILE (Graph information)
o TME (Deg.) - LOCA "A" PROFILE ‘
00:15.03 1282 )
092451 2728 325
09:3433 3096 7
09:41.54 271.7 - 300
054213 . 248 /
09:48.37 255 7
055204 255 /w 275 N
09:57.02 2098 Minutes —_—
1123732 138 Hous— 250 ] | 1.
10:4803 o ' T vy RUB
1308.1 104,
132138 . 1047 IR /6\,225 | -\ R
132921 89.3 AN ] \ ]
133348 293 N v
13:38.48 1282 200,
140737 1282 N
14:10.05 268.7 A
2667 175 ,l ’,‘)) \
11138 259 - -
2 259 Hours 150 1= ~le
09:06.50 2428 Cays |« . \
231250 §§§:3 125 A NNEETAY
236.4 Breakin Testing N \
08:14.42 241 T~
1208.13 241 100 =
130643 2308 b ;/’«/
2008.58 2278 75 - : //}/
2275 S S
18:08.35 2258 . - .
2258 , — MINUTES HOURS-<2 DAYS
0824.18 2335 &
2335 Q
20:47.12 22968 v .-
00:17.12 225 /% i
225 ° :
07:40.37 211
1705.14 1 : /
" EndofTesting ‘ 7N

NOTE:

1)
3)

-

THE LOCA "A° PROFILE IS BASED ON THE GRAPH INFORMATION PRESENTED. THIS DATA WAS DERIVED FROM THE ACTUAL STRIP RECORDER DATA TAKEN DURING THE LOCA "A" TESTING
THE ORIGINAL RAW DATA IS AVAILABLE FOR REVIEW AT THE FACTORY.
THE PROFILE AND GRAPH INFORMATION PRESENTED WERE PREPARED BY KEVIN KLEM, PRODUCT MANAGER AND WAS VERIFIED BY PAUL MESMER, VP, of QUALITY ASSURANCE,

) .

oy 2 % Dued: e fps verfedBr: / 7 o 285
Kevin Kler : Paut Mesmér ) '

Product Manager ) ) V.P, of Quality Assursnce
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B Gulten

A MAAK IV COMPANY

November 13, 1995

Lawrence P. Gradin
Director of Engineering
QUAL-TEK Inc.

127 Cabot Street

West Babylon, NY 11704

@/o
©@4

SUBJECT: Follow up to your request for the pages missing from tie TS Report, #528-0994,
Revision B sent to you.

Reference: Our telecon of November 3, 1995, A
Dear Larry, @&%

As I stated in our discussion, it appears that pag/es‘ 1-9 of the NTS Report #528-0994, Revision B
have been separated from the rest of the rcpor{»and cannot be located. I have located a copy of -
pages 1-9 from the original NTS Report;at “the'no revision level. '

G

Looking at the Revision A & B §p@ryxpagcs, the only missing pages affected by these
revisions were pages 8 & 9</Wc‘have looked at no revision copies of the pages and
correspondence that occurred\later with regard to this program. It appears that the revisions on
pages 8 & 9 were related to,  élarifications of particular portions of the testing. I have provided a
description of the clarifications below:
. . AN
ey a
>

" The changes made by this revision to paragraph 5.3.3.2 appear to be addressing two items of
interest. The first is the addition of Figures 9 & 10 to show the placement of accelerometers for
each part during resonance search. The second is a statement to define resonance by a Q of 2 or

greater.
The changes made by this revision to paragraph 5.3.4.4 clarify the location of the accelerometers.

The first sentence changed from “... on the seismic simulator in two ...” to “... on the transmitter
intwo ...

PAGE- F-15
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8 .

You will notice that paragraph 5.3.4.3 was omitted from the no revision copy of page 8. It
appears that Revision B inserted the missing paragraph. The paragraph made clarification of the
fact that no testing below 1 Hz is required due to no resonance being found for frequencies less
than 10 Hz as mentioned in paragraph 5.3.3.2.

Thank you for your considcratior_l of this matter. If you have any furthenqu@ns or require any
additional information, please do not hesitate to contact me. @\\/

Sincerely, : Q@
Kevin Klem - %
Regional Sales Manager &
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REPORT NO. TR-1136
QUALIFICATION DOCUMENTATION

REVIEW PACKAGE

FOR @@

i

AMETEK AEROSPACE GULTON-STATHAM PROD UQTS

NUCLEAR QUALIFIED Of)ﬁ
PRESSURE TRANSMITTER SERIES ENX%OPING -

GAGE PRESSURE TRANSMITTER SERIES PG 3200
DIFFERENTIAL PRESSURE TRARSMITTER SERIES PD 3200
DIFFERENTIAL HIGH PRE;SU@TRANSMHTER SERIES PDH 3200
DRAFT RANGE PRE@RE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM S\EZ-‘&I.\QQ,IFFERENTIAL PRESSURE TRANSMITTER SERIES PD 3218

REMOTE DIAPHRAGM S,EA\'-L7DIFFERENTIAL HIGH PRESSURE TRANSMITTER SERIES PDH 3218

\@K

N
SECTION G

POST TEST AND ANALYSIS FOR LONGER TIME CONSTANT
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SECTION G

POST TEST AND ANALYSIS FOR LONGER TIME CONSTANT

See Engineering Report ER-1331 for Time Cons’ron’r Variation and Appendlx B for
Additional Increase in Time Constant

PAGE G -2



25402-011-Vv1C-JQ08-00001-001

GULTON-STATHAM QUALIFICATION DOCUMENT REVIEW PACKAGE REPORT NO. TR-1136, REVISION C
PD/PDH 3200, PD/PDH 3218, PG 3200, & DR 3200 TRANSMITTERS

REPORT NO. TR-1136
" QUALIFICATION DOCUMENTATION
REVIEW PACKAGE

FOR @@

AMETEK AEROSPACE GULTON-STATHAM PROIS\UCTS

~

QQ)
NUCLEAR QUALIFIED (7

PRESSURE TRANSMITTER SERIES EBQ/\E\ISOPING -
GAGE PRESSURE TRANSMITT,ERQ\SERIES PG 3200
DIFFERENTIAL PRESSURE TRA@MITTER SERIES PD 3200
DIFFERENTIAL HIGH PRES%U@?RANSMIHER SERIES PDH 3200
DRAFT RANGE PRE@?{JRE TRANSMITTER SERIES DR 3200
REMOTE DIAPHRAGM S\EZRI{(QIFFERENTIAL PRESSURE TRANSMITTER SERIES PD 3218

REMOTE DIAPHRAGM S,EA\fLQDIFFERENTIAL HIGH PRESSURE TRANSMITTER SERIES PDH 3218

O

Ay

SECTION H

VALIDATION TESTING - BOURNS WIREWOUND TRIMMING POTENTIOMETERS
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SECTION H

INTRODUCTION

This section summarizes the testing performed to qualify the Bourns 3250
Series wirewound potentiometer for use in AMETEK nuclear qualified P32XX
Series pressure transmitters.

The P32XX Series pressure tfransmitters are constructed with two (2) sub-
assemblies: the Case and Electronics Assembly and the Transducer Sub-
Assembly. With the exception of several select resistors for temperature
compensation and capacitors for response time adjustment, all P32XX Series
pressure transmitters use the same electronic cssembly orffdwhich the
trimming potentiometers are installed. Based on this c’feslp\g was performed
on two models: PG3200-200 and PD3200-100. All o’r@grc)models in the P32XX
Series are qualified based on similarity.

THERMAL AGING - Q

The pressure fransmitters are rated to operote up fo +250°F [121.1°C] without
damage. This temperature was used c@,}‘he aging temperature during
testing. During the lifetime of the pressure transmitters, the service
temperature is rated at +104°F [+4G°C] The accelerated aging test will also
take into account a power plom’r upset which would result in an elevated
‘temperature exposure of J{]*JSO\»F [+66°C] for a total of 320 hours during a 40-
year span.

The accelerated The?mol aging duration for the pressure transmitters, based
on the Iowesf\achvohon energy of the silicon transistor, is calculated by
mplemenhng\’rhe Arrhenius Equation as follows:

t = taexp [(Ea/K)(1/Ti— 1/Ta] + to exp [(Ea/k)(1/T1 = 1/Tb)]
where: h = aging duration at accelerated temperdture Ty (hours)

I = simulated 40-year lifetime at service temperature Tq
(350400 hours)

te  =simulated duration at power plant upset temperature To
(320 hours)

Ea = energy of activation (0.96 eV)

T = aging temperature (250 °F [394.3 °K])

Ta = service temperature (104 °F [313.2 °K])

To = power plant upset temperature (150 °F [338.7 °K])

k = Boltzmann’s Constant (8.617E-5 eV/°K)
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The aging time at 250°F [121°C] is 236 hours or 9.83 days to simulate 40 years
of thermal aging at a maximum service temperature of 104°F [40°C]
including 320 hours of plant upset at 150°F [66°C].

Testing was performed on two (2) PD3200-100 transmitters and one (1)
PG3200-200 transmitter. Testing was allowed to continue for a total of 22
days or-528 hours. This simulates 92 years of thermal aging at a maximum
service temperature of 104°F [40°C] including 320 hours of plant upset at
150°F [66°C]. Test data are as follows:

PG3200-200 PD3200-100 | PD3200-100

_ S/N: XXXXX S/NTXXXXX X, S/N: XXXXX
Error” affer 3 day X XX% Xxx% o O XxXx%
Eror' affer5day | XXX% X. xx7@3\w X XX%
Error” after 10 day XXX% X. X),(% XXX%
Error” after 17 day X.XX% %5(\)\(3(/% X XX%
Error® after 22 day XXX% A X (XX% XXX%

AN Y

"NOTE: Error is expressed as a perce@e of Upper Range Limit (URL)

<\<?

XXXXXXXXXXXXXXXXXXXXXXXX)QXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXX/XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

&
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3.0

4.0

RADIATION AGING

Testing was performed to compare the performance of the transmitters
employing the Bourns wirewound trimming potentiometers to tfransmitters
employing the Spectrol wirewound potentiometers originally qualified in
1983.

Five (5) PG3200-200 were subjected to Radiation Aging testing with a dose
rate of XXXXXXXXXXXXXXKXXKXXKXXXKXXKXXXXXXKXXXXXKX

Model Number Serial Number Potenfiometer
PG3200-200 ‘ XXXXX Spestrol wirewound
PG3200-200 XXXXX _ Spesttol wirewound
PG3200-200 XXXXX _SSpéctrol wirewound
PG3200-200 XXXXX «£[F2) Bourns wirewound
PG3200-200 XXXXX o (O Bourns wirewound

During testing, the transmitters’ outputs wete measure and record. These

were compared with the baseline outp(fsor the ou’rpu’rs prior to exposure.
//5\\\ Y

Errors are expressed as a percentagge’ @ff\URL
)
Hour XXXXX X | XXXXX XXXXX |- XXXXX
] X XX <C>%\xx XXX X. XX X XX
2 XXX A0 Xexx XXX XXX XXX
3 XXX ) XXX XXX XXX T XXX
4 X X% XXX XXX XXX XXX
5 XXX XXX X XX X XX XXX
6 N XXX XXX XXX XXX X XX
7 N\ XXX XXX XXX X XX XXX
8 TOXXX XXX XXX XXX XXX
9 X XX XXX X XX X XX X XX
10 XXX XXX XXX XXX XXX

Testing showed that the performance of the Bourns wirewound trimming
potentiometers is similar to that of the Spectrol wirewound potentiometers
under the same irradiation condition.

CONCLUSION

THE BOURNS WIREWOUND POTENTIOMETERS ARE CONSIDERED QUALIFIED FOR
USE IN P32XX SERIES PRESSURE TRANSMITTERS
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