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U. S. Nuclear Regulatory Commission Attachment 8
3F0611-02 Page 1 of 1

SAMPLE INSTRUMENTATION SETPOINT CALCULATION

This Attachment is consistent with the guidance provided in Technical Specifications Task Force
(TSTF) proposal, TSTF-493, “Clarify Application of Setpoint Methodology for LSSS
Functions.”

The Crystal River Unit 3 (CR-3) Extended Power Uprate (EPU) does not require revision to any
existing Limiting Safety System Setting (LSSS) setpoints. However, the new CR-3 Improved
Technical Specifications (ITS) 3.3.19, “Inadequate Core Cooling Monitoring System (ICCMS)
Instrumentation,” ensures that adequate core protection is provided for a specific range of small
break loss of coolant accidents (LOCAs). Therefore, the notes consistent with the intent of
TSTF-493, Option A have been added to ITS Surveillance Requirement (SR) 3.3.19.3
(CHANNEL CALIBRATION) for this instrumentation. Associated ITS Bases changes also
reflect the addition of these notes. As requested in the notice of availability for TSTF-493, CR-3
is providing a summary calculation demonstrating the plant specific instrument setpoint
methodology.

A setpoint calculation of the Reactor Coolant System pressure instrumentation (an input
parameter to ICCMS) has been included in this attachment to provide a representative view of
the methodology used in developing and maintaining safety-related setpoints at CR-3. The
methodology used at CR-3 is primarily based on Instrument Society of America (ISA)
Recommended Practice RP67.04, Part 11, 1994.

The CR-3 methodology utilizes a graded approach to setpoints, with a more rigorous approach
taken for setpoints that are critical for shutting down the reactor, maintaining the reactor in a
shutdown configuration and mitigating the effects of accident conditions. The setpoint program
establishes four category levels with Category A being the most stringent. Category A
calculations meet the 95/95 tolerance limit as identified in Regulatory Guide 1.105, “Setpoints
for Safety-Related Instrumentation.” The sample setpoint calculation attached, Calculation I-89-
0014, “Reactor Coolant Pressure Loop Accuracy for Engineered Safeguards,” is a Category A
calculation.

This calculation supports multiple setpoint categories. Examples include: Reactor Coolant
Pressure instrumentation going to the Low Temperature Overpressure Protection System, and the
Reactor Protection System and the Safety Parameter Display System. As such, the level of rigor
utilized in the calculation will not be consistent throughout the entire calculation.



Florid? INTEROFFICE CORRESPONDENCE

A-C-XMTL.FRM

Design Engineering NALE 3415
Office

CORPORATION

MAC Telephone
SUBJECT: Crystal River Unit 3
Quality Record Transmittal - Analysis/Calculation
To: Records Management j NR2A
The following analysis/calculation package is submitted as the QA Record copy:

DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) | REV. SYSTEM(S) TOTAL PAGES TRANSMITTED
1-89-0014 10 RC
TITLE FLORIDA FOWER CORPORA
RC PRESSURE LOOP ACCURACY FOR ES NUCLEAR ENGINEERING DEPA;‘ITOJ\I/;IENT
CRYSTAL RIVERUNIT S
REVIEWED AND ACCEPTED BY:

A T LBAap i)

TTITTCP

ENGINERR _ D00 wreerca_DATE uife3 /25

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL) SUPERVISOR &Q@WME ..éﬁdﬁmm

Calculation. Insulation Resistance. Setpoint. Accuracv. RC. HPI. LPI. ES
DXREF (REFERENCES OR FILES j LIST PRIMARY FILE FIRST)
SP-132
1-84-0002
MAR 97-02-12-01, MAR 97-02-12-02
VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF) ‘ze q
FRAMATOME N/A 1-89-0014 R9, ICA RO, « I<¢V
TAG AR
ify
RC-3A-PT3, RC-3A-PT4, RC-3B-PT3 RC-3A-JX3, RC-3A-JX4, RC-3B-JX3, RC-3A-PI3, RC-3A-PI2 / 3/?;,
RC-3A-PY3, RC-3A-PY4-1, RC-3B-PY3 RC-3A-EB1, RC-3B-EB2, RC-3A-EB2, RC-3A-EB3, RC-163A-PY1, RC-163A-PY2
RC-38-EB3 RC-154-PR/TR
RC-3-BT1, RC-3-BT7, RC-3-BT2 RC-3A-PS3, RC-3A-PS4, RC-3A-PS5 RC-3-BT4, RC-3-BT5, RC-3-BT6,
RC-3-BT10
RC-3-BT8, RC-3-BT3, RC-3-BT9 RC-3A-PS6, RC-3A-PS7, RC-3A-PY4 RC-3-BT11, RC-3-BT12
PART NO.

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.) .

This calculation incorporates the changes made by HPI MAR 97-02-12-01 and MAR 97-02-12-02 which

revised the Low pressure setpoint and modified the RCITS Foxboro module and adds the Signal

Monitor/Bypass Alarm setpoints. Attaehment-6-0f-Revision.Q-has --=.:-..;,laxaq?4'5 /6)199/%’ 7'46 a%cémmﬁ

for this revision remain vhe same as Revision 7 LCA, Re¥ oo '
NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99); otherwise, use Part number field
(i.e., CSC14599, AC1459). If more space is required, write "See Attachment” and list on separate sheet.

**FOR RECORDS MANAGEMENT USE ONLY **

Quality Record Transmittal received and information entered into SEEK.
Entered by: Date

(Return copy of Quality Record Transmittal to DE Support Specialist.)

DESIGN ENGI nW.,/PoweII DATE | V. uzzlon encineer JR Brannon  pate | surervisgr, pesign eng. L. Lesniak DATE
/o/?f/f? Q e 10/20/%9 W I~-29

cc: Nuclear Projects (1f MAR/CGWR/PEERE Calculation Review form Part Ill defions required |_lves D No
Return to Service Related) Yes No {If Yes, send copy of the Calculation to the Responsible Organization(s)
Supervisor, Config. Mgt. Info. identified in Part lil on the Calculation Review form.}

Mgr., Design Engineering (Original) w/attach
Mgr., Radiological Emergency Planning w/attach D Yes & No
D.M. Porter w/ attach

NOY 24 1939



Florida

CORPDRATION

ANALYSIS/CALCULATION SUMMARY

A-C-SUM.FRM

DISCIPLINE

DOCUMENT IDENTIFICATION NUMBER I

CONTROL NO. REVISION LEVEL

89-0014

10

TITLE
RC PRESSURE LOOP ACCURACY FOR ES

CLASSIFICATION (CHECK ONE)
Safety Related
l___l Non Safety Related

MAR/SP/CGWR/PEERE NUMBER

97-02-12-01 897-02-12-02

VENDOR DOCUMENT NUMBER

APPROVAL
SIGNATURES

PRINTED
NAME

Design Engineer

W. H oweII

Date

Verification Engineer

Qe

///%// 10/25/49

Jim Brannon

Date

(//o/ 29/99

Supervisor A L. Lesniak
Date  ers
ITEMS REVISED

Ttems Revised: ES Low Pressure, Bypass Reset and Bypass Permit and Alarm setpoints.

PURPOSE SUMMARY

e RCITS IV uncertainty has been removed from this calculation. Reason: The RCITS I/V loop uncertainty is no
longer required as input to calculation 189-0010 (Reference 60) and the RCITS loop input is not tested in SP-
0132 (Reference 37). However, the loop IR effects have been revised to incorporate the MAR 97-02-12-02
(Reference 86) RC-163A-PY1 and RC-163B-PY1 I/V madification to the new Foxboro I/V module.

e The HPI Upgrade project altered the current high pressure injection (HPI) system to improve its reliability and capability
to meet its defined functional requirements as well as reduce operator burden during accident scenarios. The change
impacts the interfacing system such as the engineered safeguards actuation system (ESAS) by revising the ITS ES RCS
Low Pressure setpoint, Bypass Reset and Bypass Permit values. Section | of this calculation summarizes the old and
new setpoint values. All setpoint values are summarized on Table IV of Section 2 of this calculation. This revision will
incorporate the revised values for the ES RCS Low Pressure Trip, Bypass and Permit and alarm setpoints. The HPI
MAR 97-02-12-01 and MAR 97-02-12-02 (References 85 and 86) established the Bypass Reset and Permit setpomts
since there are no analytical limits associated with these setpoints.

« This Revision also adds the Signal Monitor and Bypass Alarm setpoint values to Table 1V of Section 2.

RESULTS SUMMARY

FLORIGA FOWER CORPOR,

CAYTOM

NUCLEAR ENOINEERING T a}’ A RTMENT
CRYSTAL RIVER UNiT 3
5;3\/ IE AND ACCEPTED BY:

T SBATL

ENGINEER e

ATE 21/23/95 ..

SUPERVISORJZZ feo&kofsks,

DATE 2/23/41...

The Revision 9 calculated loop errors have not been changed in this calculation. This calculation applies the existing
loop uncertainty errors to the above listed Low Pressure values, assesses the HPI MAR changes for impact on these
setpoints and adds the Signal Monitor and Bypass Alarm setpoints.
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CORPORATION

CALC-REV.FRM

Page 1 of 2

CALCULATION NO./REV.

I-89-0014 Rev.-HEARev—06—

LCULATION REVIEW
sy CALCU
/0

PARTI -

PART Il -

Rev. 9/98

DESIGN ASSUMPTION/INPUT REVIEW: APPLICABLE D Yes No
The following organizations have reviewed and concur with the design assumptions and inputs identified for

this calculation:
Systems Engineering

Nuclear Plant Operations
OTHER(S)

RESULTS REVIEW: APPLICABLE | | Yes No

The following organizations have reviewed and concur with the results of this calculation and
understand the actions which the organizations must take to implement the results.

System Engineering

Comments:

Signature/Date

Signature/Date

Signature/Date

Signature/Date

Signature/Date

Nuclear Plant Operations

Comments:

Signature/Date

Safety Analysis Group

Comments:

[ ] ves []NA

Signature/Date

Nuclear Plant Maintenance

Comments:

[]vYes [ ] nNA

Signature/Date

Nuclear Licensed Operator Training
Comments:

[]ves []NA

Signature/Date

Manager, Nuclear Regulatory Compliance
Comments:

[] ves [ ] NA

Signature/Date

Sr. Radiation Protection Engineer

Comments:

[]ves [ ] NA

Signature/Date

Nuclear Plant EOP Group
Comments:

[]ves []nNA

Signature/Date

Design Engineering

Comments:

D Yes |:| N/A

Signature/Date

OTHER:

[Jves [ Ina

Signature/Date

Signature/Date




A CALCULATION REVIEW

CORPORAATION

Page 2 of 2

CALCULATION NO./REV.

1-89-0014 Rev. 10

PART III - CONFIGURATION CONTROL: APPLICABLE [:I Yes |Z| No PC# 99-3260 for R9, ICA RO
already addresses configuration control changes

The following is a list of Plant procedures/lesson plans/other documents and Nuclear Engineering
calculations which require updating based on calculation results review:

Document Date Required Responsible Organization

Upon completion, generate a Precursor Card in accordance with CP-111 for tracking of actions for any
items identified in Part III. If calculations are listed, a copy shall be sent to the original file and the
calculation log updated to reflect this impact.
PART IV - NUCLEAR ENGINEERING DOCUMENTATION REVIEW

The responsible Design Engineer must thoroughly review the below listed documents to assess if the

calculation requires revision to these documents. If "Yes,"” the change authorizations must be listed
below and issued concurrently with the calculation.

Enhanced Design Basis Document || Yes X] No 7% Vendor Qualification Package || Yes [X] No (VOP#)
FSAR [ ves X No Cetter®) Topical Design Basis Doc. || Yes X] No ¢
Improved Tech. Specification [ ves DX no (tetter®) E&SQPM 1 ves X no e
Improved Tech. Spec. Bases [ Yes D<) No (tetter#) Other Documents reviewed:
Config. Mgmt. Info. System |___| Yes |z No (CIOP#) D Yes [:I No
(CHANGE DOC. REFERENCE)
Design Basis Document ] Yes DX No €€ [ yes [ no
{CHANGE DOC. REFERENCE)
Appendix R Fire Study [ Yes X No 7€ [Ives[1no
(CHANGE DOC. REFERENCE)
Fire Hazardous Analysis [] ves [X] no ™ [(Jves[Ino '
(CHANGE DOC. REFERENCE)
NFPA Code Corformance Document [:l Yes No (T¢¥) D Yes D No

(CHANGE DOC. REFERENCE)

PART V - PLANT REVIEWS/APPROVALS FOR INSTRUMENT SETPOINT CHANGE
PRC/DNPO approval is required if a setpoint is to be physically changed in the plant through the NEP-213 process

PRC Review Required (] vesDX No

PRC Chairman /Date
DNPO Review Required [] YeslX] no

DNPO /Date

DW DESIGN ENGINEER - PRINTED NAME
W.H. Powell
WY/ Ay




F'gvr\i,g? CALCULATION VERIFICATION CHECKLIST

Crystal River Unit 3

CALVERCL.FRM

CALCULATION NUMBER:
1-89-0014 Rev. 10

10.

1.

12.

Are inputs, including codes, standards, regulatory requirements, procedures, data, and
Engineering methodology correctly selected and applied?

Have assumptions been identified? Are they reasonable and justified? (re: NEP-101)
Are references properly identified, correct, and complete? (re: NEP-101 )

Have applicable construction and operating experiences been considered?

Was an appropriate Design Analysis/Calculation method used?

In cases where computer software was used, has the program been verified or reverified in
accordance with NEP-151 for safety related design applications and/or are inputs,
formulas, and outputs associated with spreadsheets accurate?

Is the output reasonable, compared to inputs?

Has technical design information provided (via letter, REA, I0C, or telecon) by other
disciplines or programs been verified by that discipline or program?

Has technical design information provided via letter or telecon from an external Engineering
Organization or vendor been confirmed and accepted by FPC?

Has atypical equipment/bus alignment been considered in the calculation?

Do the calculation results indicate a non-conforming condition exists? (If "Yes,"
immediately notify the responsible Supervisor.)

Do the results require a change to other Engineering documents? (If "Yes," have these
documents been identified for revision on the Calculation Review Form?)

Rev. 2/89

YES

NO

N/A



E'f,’{.i,‘é? REVIEWER CONCURRENCE FORM
Crystal River Unit 3

RCF.FRM

Document Number/Revision Level: I-89-0014, Rev. 10
Originator: _ A. T. Barnard /42£?;éi2jj1ﬂbLﬁff—
(Print) (Sign)

Signatures delineated below signify whether the department/organization needs
to review the Analysis/Calculation. This determination will be made by the
individual department/organization, along with the respective discipline.

A1l blocks must be signed by a representative from the respective
department/organization.*

Department/Orqanization Review Required Signature/Date
DE Electrical [1Yes X No N/A** /
DE I&C ] Yes [X No N/A%* /
DE Mechanical [dyes [X No N/A%* /
DE Structural ] yes X No N/A** /
ISI (] Yes No N/A** /
Licensing | [JYes [ X No N/A%* /
Maintenance [J Yes No N/A** /
Nuclear Safety Management [JYes [X No N/A** /
Operations ] yes X No N/A%* /
Operations (EOP/AP [JYes [X No N/A** /
Programs A1l [1Yes X No N/A¥* /
(Identify App.“R”, EQ, and/or Fire Protection)

Systems Engineering [1Yes [X No N/A** /
Training L] Yes No N/A** /
Other L] Yes [ No N/A** /
Other []Yes [ No N/A* /

*NOTE: In Tieu of signatures by respective departments, the originator may sign
for them, based on verbal concurrence (telecons), cc:mail notes, etc.

** The only effect of this revision is to convert an Interim Change to a permanent

revision. No changes were made to the calculation. Therefore, the Manager, Design
Engineering has waived the requirement for reviewer concurrence.

12/98



Florida INTEROFFICE CORRESPONDENCE

Power
- compoRaTIoN Design Engineering NA1E 3415
Office MAC Telephone
SUBJECT: Crystal River Unit 3
Quality Record Transmittal - Analysis/Calculation
TO: Records Management — NR2A
The following analysis/calculation package is submitted as the QA Record copy:
DOCNQO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEM(S) TOTAL PAGES TRANSMITTED
1-89-0014 9 ICA, Rev. 00 RC s
TITLE FLORIDA POWER CORPORATION
RC PRESSURE LOOP ACCURACY FOR ES NUCLEAR ENGINEERING DEPARTMENT
CRYSTADRIVERUNIT3
REVIEWED AND ACCEPTED BY:
ENGINEER Saveecial— DATE 13/75/_2___
KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL) ‘ UPLRVIS 12 . 3{1" DATE Le/6/ 77
Calculation, Insulation Resistance, Setpoint, Accuracy, RC%I'“{EF 8 2 ¢k benkots ks -
DXREF (REFERENCES OR FILES ~ LIST PRIMARY FILE FIRST) .
SP-132
1-84-0002
MAR 97-02-12-01, MAR 97-02-12-02
VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF)
FRAMATOME N/A N/A
TAG
RC-3A-PT3, RC-3A-PT4, RC-3B-PT3 RC-3A-JX3, RC-3A-JX4, RC-3B-JX3, RC-3A-PI3, RC-3API2
RC-3A-PY3, RC-3A-PY4-1, RC-3B-PY3 RC-3A-EB1, RC-3B-EB2, RC-3A-EB2, RC-3A-EB3, RC-163A-PY1, RC-163A-PY2
RC-3B-E83 RC-154-PRITR
RC-3-BT1, RC-3-BT7, RC-3-BT2 RC-3A-PS3, RC-3A-PS4, RC-3A-PS5 RC-3-BT4, RC-3-BT5, RC-3-BTS,
RC-3-BT10
RC-3-BT8, RC-3-BT3, RC-3-BT9 RC-3A-PS6, RC-3A-PS7, RC-3A-PY4 RC-3-BT11, RC-3-BT12
PART NO.

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY,ETC.)

This calculation incorporates the changes made by HPI MAR 97-02-12-01 and MAR 97-02-12-02 which revised
the Low pressure setpoint and modified the RCITS Foxboro module and adds the Signal Monitor/Bypass Alarm
setpoints. Attachment 6 of Revision 9 hag been deleted. i f
f t -0 jo0-5-99

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99); otherwise, use Part number field (i.e., CSC14599,
AC1459). If more space is required, write "See Attachment" and list on separate sheet.
*FOR RECORDS MANAGEMENT USE ONLY **
Quality Record Transmittal received and information entered into SEEK.
Entered by: Date
(Return copy of Quality Record Transmittal to DE Support Specialist.)

pesien engiveer W H. Powel} DATE Vm:\!ENGINEER JR Brannon, pate | SUPERVISOR. DESIGN ENG. DATE
MmN —

2-23-99 23 /99 e~ 7-23-79
S
cc:  Nuclear Projects (If MAR/CGWR/PEERé‘/ Calculation Review form Part il actions required &Yes E] No
Return to Service Related) Yes D No (if Yes, send copy of the Calcufation to the Responsible Organization(s)
‘\/ Supervisor, Config. Mgt. Info. identified in Part lll on the Calculation Review form.)
Mgr., Design Engineering (Original) w/attach

e W
Mgr., Radiological Emergency Planning w/attach D Yes |Z| No Q V. H‘wd{’?‘“mdk ebﬁ"‘;)\
D.M. Porter w/ attach, W.S. Koleff wiattach .o CHagE Vawach 3% Helogs ™ ﬁ;ﬂ\

\. Eaauilto
ocT -6 1999 A




;‘gﬁda ANALYSIS/CALCULATION SUMMARY

cone M': A-C-SUM.FRM
DISCIPLINE CONTROL NO. REVISION LEVEL
DOCUMENT IDENTIFICATION NUMBER I 89-0014 9 ICA, Rey.00
TITLE CLASSIFICATION (CHECK ONE)
RC PRESSURE LOOP ACCURACY FOR ES Safety Related
D Non Safety Related
MAR/SPICGWR/PEERE NUMBER
VENDOR DOCUMENT NUMBER
APPROVAL PRINTED
§IGNAT‘U§ES NAME
Design Engineer W&W W.H. Powell
Date 9-25-9 g 09/23/99

Verification Engineer QC; ; Jim Brannon
Date Y 9-93-99
Supervisor / P @’3/& J— 28 J.R. Paljug

Date 7.23- 7 L. 2 L ESAV 2R
ITEMS REVISED
ltems Revised: ES Low Pressure, Bypass Reset and Bypass Permit and Alarm setpoints.

PURPOSE SUMMARY
e RCITS WV uncertainty has been removed from this calculation. Reason: The RCITS IV loop uncertainty is no
longer required as, | pl& ) ggl_%lation 182-0010 (Reference 60) and the RCITS loop input is not tested in SP-
0132 (Reference 322-) wever, the loop IR effects have been revised to incorporate the MAR 97-02-12-02
(Reference 86) RC-163A-PY1 and RC-163B-PY1 I/V modification to the new Foxboro I/V module .

» The HPI Upgrade project will alter the current high pressure injection (HPI) system to improve its reliability and capability
to meet its defined functional requirements as well as reduce operator burden during accident scenarios. The change
impacts the interfacing system such as the engineered safeguards actuation system (ESAS) by revising the ITS ES
RCS Low Pressure setpoint, Bypass Reset and Bypass Permit values. Section | of this calculation summarizes the old
and new setpoint values. All setpoint values are summarized on Table IV of Section 2 of this calculation. This revision
will incorporate the revised values for the ES RCS Low Pressure Trip, Bypass and Permit and alarm setpoints. The HP!I
MAR 97-02-12-01 and MAR 97-02-12-02 (References 85 and 86) will establish the Bypass Reset and Permit setpoints
since there are no analytical limits associated with these setpoints.

+ This Revision also add the Signal Monitor and Bypass Alarm setpoint values to Table IV of Section 2.

FLORIDA POWER CORPORATION
NUCLEAR ENGINEERING DEPARTMENT
CRYSTAL RIVER UNIT 3
REV D ACCEPTED BY:

oy I?JU

2.
ENGINEER __¢/ e 410L DATE

SUPERVISORZJ | I}Mﬁﬂ:mm (o
RESULTS SUMMARY for S.k-brkptsk,

The Revision 9 calculated loop errors have not been changed in this calculation. This calculation applies the exsiting loop
uncertainty errors to the above listed Low Pressure values, assesses the HPI MAR changes for impact on these setpoints
and adds the Signal Monitor and Bypass Alarm setpoints.




CP-213

Page 1 of 2
Florida
Power
Enclosure 5
CHANGE, TEST OR EXPERIMENT EVALUATION
Document No. 1-83-0014 Revision No. 027 ICA, Rev. 00

A. Briefly describe the proposed activity (change, test or experiment):

CP-213

Calculation 1-89-0014, Revision 09, ICA, Rev. 00 is revising;

1) the ES Reactor Coolant System Pressure — Low (HPI actuation) setpoint from 1540 psig
decreasing to 1665 psig decreasing

2) the ES Reactor Coolant System Pressure — Low (HPI actuation) Bypass automatic reset setpoint
from 1695 psig increasing to 1795 psig increasing

3) the shutdown bypass permit setpoint for bypass of the ES Reactor Coolant System Pressure —
Low HP! actuation trip from 1670 psig decreasing to 1770 psig decreasing

4) the HPI Not Bypassed alarm setpoint from 1640 psig decreasing to 1740 psig decreasing

5) the HPI Not Reset alarm setpoint from 1640 psig increasing to 1740 psig increasing

6) the RC Low Pressure alarm setpoint from 1550 psig decreasing to 1675 psig decreasing

This change is being made to accommodate revision of the ITS Allowable Value for the ES Reactor
Coolant System Pressure — Low (HPI actuation) setpoint and revision of the ITS Applicable Mode and
Other Specified Conditions requirement for operability of the ES Reactor Coolant System Pressure —
Low (HPI actuation) function. These setpoints are being revised based on HPI modifications MAR 97-
02-12-01 and MAR 97-02-12-02.

Per MAR 97-02-12-02, the ES Reactor Coolant System Pressure — Low (HPI actuation) setpoint
Allowable Value is changing from > 1500 psig to > 1625 psig. Per Calculation 1-89-0014, Revision 9,
ICA, Rev.00 the new ES Reactor Coolant System Pressure — Low (HP! actuation) in plant setpoint will be
1665 psig decreasing based on the post MAR ITS allowable value of > 1625 psig.

The 10 psi margin between the current in plant HPI actuation setpoint of 1540 psig and the current in
plant RC Low Pressure alarm setpoint of 1550 psig will be retained for the post MAR alarm setpoint.
Therefore, the new RC Low Pressure alarm setpoint will be 1675 psig decreasing. The RC Low
Pressure alarm is an operator aid device only and it has no safety-related function.

Also, per MAR 97-02-12-02, the ITS Applicable Mode and Other Specified Conditions requirement for
operability of the ES Reactor Coolant System Pressure — Low (HPI actuation) is changing from > 1700
psig to >1800 psig. The MAR will change the ES Reactor Coolant System Pressure — Low (HPI
actuation) Bypass automatic reset setpoint from 1695 psig to 1795 psig to ensure this Applicable Mode
and Other Specified Condition requirement is met. The adjustable bistable reset deadband setting of 25
psi is being retained by the MAR setpoint change. This will result in a ES Reactor Coolant System
Pressure — Low (HPI actuation) Bypass Permit setpoint of 1770 psig. These setpoint changes have
been validated/verified by Calculation 1-89-0014, Revision 9, ICA, Rev.00.

The 55 psi margin between the current in plant ES Reactor Coolant System Pressure — Low (HPI
actuation) Bypass automatic reset setpoint of 1695 psig increasing and the HPI Not Reset alarm setpoint
of 1640 psig increasing will be retained for the post MAR alarm setpoint. Therefore, the new HPI Not
Reset alarm setpoint will be 1740 psig increasing.

The current practice of having the HPI Not Bypassed Alarm equal to the HPI Not Reset alarm will be
retained. The HPI Not Bypassed alarm actuates on decreasing pressure vice HPl Not Reset Alarm
actuating on increasing pressure. Therefore, the new HPI Not Bypassed alarm setpoint will be 1740
psig decreasing. This alarm is an operator aid only and it has no safety-related function.

Rev. 7 Enclosure 5



Cp-213
Page 2 of 2

B. Disposition:
B.1 List the applicable previously approved SA/USQD numbers and titles:
SA/USQD No. 99-0010, Revision 2 HPI Upgrade Project

B.2 Describe how the proposed activity is covered by the approved SA/USQD and whether or not
-all aspects of this change been addressed in the SA/USQD.

SA/USQD 99-0010 has justified the specific values for the revised ITS ES Reactor Coolant
System Pressure - Low HPI actuation trip setpoint and revised ITS Applicable Mode and Other
Specified Conditions requirement for operability of the ES Reactor Coolant System Pressure —
Low HPI actuation setpoint discussed in Section A above. The conclusions of this discussion
remain unchanged by the results of Calculation 1-89-0014, Revision 9, ICA, Rev. 00.

The alarm setpoints are operator aids only. The new post MAR alarm setpoints will be based
on margins and relationships between existing alarms and actuation setpoints in an effort
maintain the preexisting coordination.

NOTE: If the proposed activity is not completely bounded by the approved SA/USQD, either
revise the existing SA/USQD or prepare a separate SA/USQD.

Preparer: \v/ P ?rzwﬂm / e / /0//7?'

(Printed Name) (Signature) (Date)
Reviewer: L) S . 'KD /Q“pﬂc / Lo ’KJ&/// / ’6/ V/ 77
(Printed Name) (Signature) (Date)
Interpretation
Contact: ’b} p / /

(Interpretation Contact for New Procedures or Procedure Revisions Only)

CP-213 ' Rev. 7 Enclosure 5



SEP -1 lﬂggA

Floida  INTEROFFICE CORRESPONDENCE

A-C-XMTL.FRM

GORPORATION Design Engineering NA1E 3415

Office MAC Telephone
SUBJECT: Crystal River Unit 3
Quality Record Transmittal - Analysis/Calculation
TO: Records Management — SA2A
The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEM(S) TOTAL PAGES TRANSMITTED

1-89-0014 9 RC 120

TITLE

RC PRESSURE LOOP ACCURACY FOR ES

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL)
Calculation, Insulation Resistance, Setpoint, Accuracy, RC, HPI, LPI, ES

DXREF (REFERENCES OR FILES - LIST PRIMARY FILE FIRST)
SP-132
1-84-0002
VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF)
FRAMATOME N/A 1-88-0014, Rev. 8
TAG
RC-3A-PT3, RC-3A-PT4, RC-3B-PT3 RC-3A-JX3, RC-3A-JX4, RC-3B-4X3, RC-3A-PI3, RC-3A-PI2
RC-3A-PY3, RC-3APY41, RC-38-PY3 | RC-3A-EB1, RC-38-EB2, RC-3A-EB2, RC-0A-EB3, | RC-163A-PY1, RC-163A-PY2
RC-38-£83 RC-154-PRITR
RC-3BT1, RC-3-BT7, RC-3-B72 RC-3A-PS3, RC-3A-PS4, RC-3A-PS5 RC-3-BT4, RC-3-BT5, RC-3-BT6,
RC-3-BT10
RC-3-BT8, RC-3-BT3, RC-3-BT9 RC-3A-PS6, RC-3A-PS7, RC-3A-PY4 RC-3-BT11, RC-3-BT12

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.}
This calculation incorporates the control complex temperature range change.

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99); otherwise, use Part number field (i.e., CSC14599
AC1459). If more space is required, write "See Attachment" and list on separate sheet.
*FOR RECORDS MANAGEMENT USE ONLY *
Quality Record Transmittal received and information entered into SEEK,
Entered by: Date

{Return copy of Quality Record Trapsmittal to DE Support Specialist.)
DESIGN ENGINEER DATE | VERIFICATION ENGINEE! ATE | SBUPERVISOR, DESIGN ENG., < MLEJ/VAQ DATE
W.H. Powell Mw B DSpec—
8995 .1, Branar” $-11-97 7 &-11-99
cc:  Nuclear Projects (If MAR/ICGWR/PEERE Calculation Review form Paittll actions required [Yes [ ] No
Return to Service Related) D Yes No (If Yes, send copy of the Calculation to the Responsible Organization(s)
Supervisor, Config. Mgt. info. identified in Part 1l on the Calculation Review form.)

Mgr., Design Enginesring (Original) w/attach CTV h a d @b b W / it A@t‘

Mgr., Radtologtcal Emergency Planning w/attach D Yes &
WS Keleff FIZ w/ntiach.

» CORPORA
D. Perer. (maun) . NEERING DEPA;‘{'ITOI\?ENT
05 o) | ReveRYSTALRIVER UNIT3
W.5 Chige A tach EWED AND ACCEPTED By:

Rev. 5/08 T.D'ﬁO\Oﬁﬁo‘v w[Aﬂ“Ocp\ Exhibit 2 NEP213(Pagez1of46)ENGINEER lu?f DATE S’/:b {7?
V. Eagquitle ~wlastadh, ' pATE 93//79




Pov;ef ANALYSIS/CALCULATION SUMMARY

CORPORATION A-C-SUM.FRM

DISCIPLINE CONTROL NO. REVISION LEVEL
DOCUMENT IDENTIFICATION NUMBER I 89-0014 9
TITLE CLASSIFICATION (CHECK ONE)
RC PRESSURE LOOP ACCURACY FOR ES Safety Related
Non Safety Related
MAR/SPICGWR/PEERE NUMBER
VENDOR DOCUMENT NUMBER
APPROVAL PRINTED
SIGNATURES NAME
Design Engineer Wé W.H. Powell
Date B8-9-99 08/09/99
Verification Engineer g,én e J.R. Brannon
Date " &~//-99
Supervisor AN Jpin,. for LM LesniaK SR-Paljug- L, M , LESUAK
Date [ @-14-99
ITEMS REVISED

ltems Revised: Complete calculation and deleted Attachments 5 & 8

PURPOSE SUMMARY

The purpose of Revision 8 is as follows:
Incorporate changes from instrument loop components that were identified in Calculation M-87-0020 Rev. 0 (Reference 77) as located in the

Contral Room complex and could be subjected to revised temperature profiles. The accident and normal ambient temperature ranges that will
be applied are as follows;

Normat = A20°F (See Assumption 1)
Accident = A34°F for Zones 13 and 58 (See Assumption 1)

The Detailed Analysis/Calculation Section of this calculation will be revised to encompass the effects of the above listed temperature
ranges as well as the Operational Consideration and Result Conclusion Sections.
&, Bikalsileq

The “1&C Design Criteria For Instrument Loop Uncertainty Calculation” has been recently revised (Rev. ;6 to incorporate a Graded Approach
Method for instrument loops components that are calibrated on different time intervals. This new method has been identified as a Split Loop
method. This method is detailed in Attachment #5 to the Design Criteria (see DI37 below) and specifies the method to be used for
Instrumentattion inside containment and outside of containment. This calculation will provide a Category A/B Partial Spilt Loop method.
Attachment 5 circuit diagram will be added to the bady of calculation and the attachment deleted.

The previous revision to this calculation added an Attachment 8 which provided a revised estimate of the uncertainty for the signals sent to the
T'SAT Meters and the Plant Computer/RECALL/SPDS using the Graded Approach found in the CR3 I&C Design Criteria For instrumentation

Loop Uncertainty Calculations, Revision 2. This attachment will be incorporated into the body of the calculation and the Attachmerts 588 will
be deleted.

RESULTS SUMMARY

Calculated loop errors have been revised and detailed in Tables | through Viil. All of the previous setpoints (AL, AF and
CE) have been reduced and redefined by applying a new split-loop method. However, the actual HPILP!I trip setpoints -
have remained unchanged by adding additional engineering margin to the newly calculated total loop uncertainty (TLU).

s,

e, T
xt

NUCLEAR ENGINEERING DEPARTMENT
i CRYSTAL RIVER UNIT 3

f  REVIEWED Ap%w

- bz"" 4 DATE Wﬁ
Az pate_8I51/74

G.H| eéQ 5 B«m 3



Pones CALCULATION REVIEW

CORPORATION

[P

CALC-REV.FRM Page 1 of 2
CALCULATION NOJREV.
1-89-0014 Rev. 9
PARTI - DESIGN ASSUMPTION/INPUT REVIEW: APPLICABLE E Yes D No

PART I -

The following organizations have reviewed and concur with the design assumptions an; inputs identified for

this calculation:
Systems Engineering _M( 3'// Z/ 17

Sigratu v / /
Nuclear Plant Operations gﬁ@ﬂw&m\m §/ia/99
OTHER(S) Signature/Date [ 7
. - ’ R ﬁ ‘ B‘IZ\—W
bgs,am Enamze_c ing Nechanical w@f&%ﬁ%@/m

Signature/Date

RESULTS REVIEW: APPLICABLE [X| Yes [ | No

The following organizations have reviewed and concur with the results of this calculation and
understand the actions which the organizations must take to implement the resuits,

System Engineering 57/ 4 ?«/ 74

Comments;

Nuclear Plant Operations , A0 /2
jonatu

Comments:

Safety Analysis Group X Yes [] NA Sm%" %M V.. Erguiisy 3’//2’//979
Comments: ﬂ

2N ~_ /1

Nuclear Plant Maintenance B ves [] NA Lg@é%%&_@ﬁ%ﬂaé‘%zﬁw

Comments: ADDed  SP-120 T eMIS usT

Nuclear Licensed Operator Training D Yes E NA

Signature/Date
Comments:
Manager, Nuclear Regulatory Compliance D Yes @ NA  _

Signature/Dete
Comments:
Sr. Radiation Protection Engineer [1ves XA NA _

Signature/Date
Comments: _

- pra m

Nuclear Plant EOP Group Yes [ NA %ﬁ%‘/ sj//a;/ﬁ
Comments: G Rass
Design Engineering  MEcHAN ICAL B Yes [] NA & -12-99

Signature/Date o
Comments: Neong . on A BokY!

OTHER: EQ Bves []na sﬁ;ﬁéj 77% 8//21/7 g

Signature/Date




plorida CALCULATION REVIEW

GoRPORATIEN Page 2 of 2

I

W22

CALCUU\T!OU L/REV.

~ga-0p14 Rev 9 shid-elslaq

PART Ill - CONFIGURATION CONTROL: APPLICABLE [X] Yes [ | No PC# 99-2(3%6

The following is a list of Plant procedures/lesson plans/other documents and Nuclear Engineering
calculations which require updating based on calculation results f@vn(?}v /
399

Document Py Date Required Responsible Organization

sP-132 DB Z  aefai/ssSee f‘(/, To e Maiaf 43z

1-84-0002 Toc Descign Ensineering
v \4

1-89-0010 Y

1-96-0002

E07.0020B FX55 57,/ Noc. Safeby Mput.

M-87-0020 Mech Desyn Fnsinee ring

1-88-0024 duc stan Ensene

M-97-0076 Mech Desegn Zagemeering

M-97-0075 )

1-84-0003 Ine desym Engeneering

SP-130 B 84149 Ta Mantanance

Upon completion, generate a Precursor Card in accordance with CP-111 for tracking of actions for any items
identified in Part lli. If calculations are listed, a copy shall be sent to the original file and the calculation log
updated to reflect this impact.
PART IV - NUCLEAR ENGINEERING DOCUMENTATION REVIEW
The responsible Design Engineer must thoroughly review the below listed documents to assess if the
calculation requires revision to these documents. If "Yes," the change authorizations must be listed
below and issued concurrently with the calculation.

Enhanced Design Basis Document  [_] Yes [X] No (T€% Vendor Qualification Package [_] Yes [X] No VOP#)
FSAR [ Yes D4 No (tete®) Topical Design Basis Doc. ] Yes D No T*
Improved Tech. Specification [ Yes [X] No (Lettem) E&SQPM (I vesXINo T8
improved Tech. Spec. Bases , 1 Yes B No (tetter®) Other Documents reviewed:
Config. Mgmt. Info. System 1 ves B No (©0P#) [(Jves[Ino
(CHANGE DOC. REFERENCE)
Design Basis Document [ ves X No (™8 [Jves[Ino
{CHANGE DOC. REFERENCE)
Appendix R Fire Study [ ves B o (T [1ves[INo
(CHANGE DOC. REFERENCE)
Fire Hazardous Analysis [ Yes D No (Tc® [ 1ves[ Ino '
{CHANGE DOC. REFERENCE)
NFPA Code Conformance Document [ Yes [ No (T6# [ Yes[Ino

(CHANGE DOC. REFERENCE)

PARTV - PLANT REVIEWS/APPROVALS FOR INSTRUMENT SETPOINT CHANGE
PRC/DNPO approval is required if a setpoint is to be physically changed in the plant through the NEP-213

process.
PRC Review Required (] vYes No

PRC Chairman /Date
DNPO Review Required [ ] Yes No

DNPO /Date
DESIGN ENGINEER/DATE DESIGN ENGINEER - PRINTED NAME

8 /? /7 0 W.H. Powell




Florid? CALCULATION VERIFICATION CHECKLIST

Poweo Crystal River Unit 3

CALVERCL.FRM

CALCULATION NUMBER Rev. 9

1-89-0014

1. Areinputs, including codes, standards, regulatory requirements, procedures, data, and
Engineering methodology correctly selected and applied?

2. Have assumptions been identified? Are they reasonable and justified? (re: NEP-101)
3. Are references properly identified, correct, and complete? (re: NEP-101)

4. Have applicable construction and operating experiences been considered?

5. Was an appropriate Design Analysis/Calculation method used?

6. In cases where computer software was used, has the program been verified or reverified in
accordance with NEP-151 for safety related design applications and/or are inputs,
formulas, and outputs associated with spreadsheets accurate?

7. s the output reasonable, compared to inputs?

8. Has technical design information provided (via letter, REA, IOC, or telecon) by other
disciplines or programs been verified by that discipline or program?

9. Has technical design information provided via letter or telecon from an external Engineering
Organization or vendor been confirmed and accepted by FPC?

10. Has atypical equipment/bus alignment been considered in the calculation?

11. Do the calculation results indicate a non-conforming condition exists? (If "Yes,"
immediately notify the responsible Supervisor.)

12. Do the results require a change to other Engineering documents? (If "Yes," have these
documents been identified for revision on the Calculation Review Form?)

Rev. 6/99

NO

N/A



sda%: Florida REVIEWER CONCURRENCE FORM
Poo Crystal River Unit 3

RCF.FRM

Document Number/Revision Level: L-%9-0 O/‘/

Rev. g9

Originator: _A. T. Barnard

N A i cects

(Print)

(Sign)”

Signatures delineated below signify whether the department/organization needs
to review the Analysis/Calculation. This determination will be made by the
individual department/organization, along with the respective discipline.

A1l blocks must be signed by a representative from the respective

department/organization.*

Department/Organization Review Required
DE Electrical J Yes X No
DE I&C X Yes [ No
DE Mechanical Yes [ No
DE Structural O Yes [X No
ISI [ Yes No
Licensing O Yes No
Maintenance Yes [] No
Nuclear Safety Management Xl Yes [ No
Operations X Yes [ No
Operations (EOP/AP) Yes [] No
Programs EQ Yes [] No
(Identify App. “R”, EQ, and/or Fire Protection)
Systems Engineering ¢ Yes [] No
Training 1 Yes [¥ No
Other _App. R / Fire Prot. ] Yes [X No
Other O Yes [ No

‘Signature/Date

email ADS 7//3/77
Nnid /s fr1
caiail A8/ 7//3/¢7
eud] AR5 / 7/iz/97
ém.d_/LL/.z,Zﬁﬁi
emarl AP /7y /45
VZ{'e,cm AS 7,/7/1;/?7
email M/M
emai ADS /)3 /a5
cuar ADS /_ 3[r3 /95
ewai| A8 _/__2/i5fas

'j_/@/m AnS / 7/W/é?
MLM/__?AMZL
eﬂLgJ_M 7/7#1//4

*NOTE: In lieu of signatures by respective departments, the originator may sign for them, based on verbal

concurrence (telecons) , cc:Mail notes, etc.

12/98 Exhibit 14 NEP-213 (Page 46 of 46)



Florida | INTEROFFICE CORRESPONDENCE

er A-C-XMTL.FRM
~ CORPORATION Nuclear Engineering NT3C 1565
Office MAC Telephone
SUBJECT: Crystal River Unit 3
Quality Document Transmittal - Analysis/Calculation
TO: Records Management - NR2A
The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEM(S) TOTAL PAGES TRANSMITTED z
1-89-0014 8 RC 26" 34 [add
TITLE
RC PRESSURE LOOP ACCURACY FOR ES
KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL}
Same as Rev. 6
DXREF (REFERENCES OR FILES - LIST PRIMARY FILE FIRST)
1-84-0002
-96-0002
1-97-0015
VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF} SUPERSEDED DOCUMENTS (DXREF)

FPC N/A N/A

Same as Rev. 6

PART NO.

Same as Rev.r 6

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.}

NOTE:

Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99), otherwise; use Part number
field {i.e., CSC14599, AC1459). If more space is required, write "See Attachment" and list on separate
sheet.

DESI%\I ENGINEER DATE | VER ION ENGINEER DATE | SUPERVISOR, NUCLEA7\IG. DATE
» . er ~
7.2 Fond 1/3/27 5.7 GariaCoks WY13/97 | 0.8 Kole S oSl whrof%
cc:  Nuclear Projects (if MAR/CGWR/PEERE Calculation Review form Part Il actions required [yes X No
Return to Service Related) [ Yes No (If Yes, send copy of the form to Nuclear Regulatory Assurance and a
Supervisor, Config. Mgt. Info. copy of the Calculation to the Responsible Organization(s) identified in
Mgr., Nucl. Operations Eng. (Original} w/attach Part lil on the Calculation Review form.)
w.s, kelefs o/

5. Batliet W ovtledh

Rev. 3/97



sea’s: Florida

er ANALYSIS/CALCULATION SUMMARY
CORPORATION A-C-SUM.FRM
DISCIPLINE CONTROL NO. REVISION LEVEL
DOCUMENT IDENTIFICATION NUMBER | 89-0014 8
TITLE CLASSIFICATION (CHECK ONE)
RC PRESSURE LOOP ACCURACY FOR ES X safety Related
I:I Non Safety Related
MAR/SP/CGWR/PEERE NUMBER
SP 95-002
VENDOR DOCUMENT NUMBER
C-423-5510-066
APPROVAL PRINTED
SIGNATURES NAME
Design Engineer 7. D, Zd M. D. Lord
Date ////3/?7 11/11/97
Verification Engineer %g y7 / S. Z. Barkofski
Date ////3/47 1/13/%7
Supervisor LO W W. S. Koleff
Date 120 /5>

ITEMS REVISED

New Attachment 8 added. Revised Sheets 28, 32, 35, 36, b1, 562, 53, b7, b8, 61, 64, 66, 69, & 74.

PURPOSE SUMMARY
The purpose of this revision is to apply the CR3 I&C Design Graded Approach (as described in the I&C Design
Criteria for Instrument Loop Uncertainty Calculations) to the signal sent to the T'"SAT Meters, the Plant
Computer and RECALL/SPDS The Graded Approach had not been developed when the calculatron was

alarm based upon the LTOP rnrtratron setpornt determmed by 1-97-0015.

RESULTS SUMMARY
The Calibrated Loop Error (under normal conditions) for the signal to the T'SAT Meters was reduced by +15.00

and -23.50 psig using the Category B Graded Approach versus the approach initially adopted. Under accident
the error was reduced by +39 50 psrg usmg the Category B Graded Approach The Calrbrated Loop Error (under

the error was reduced by +23.25 psrg

The LTOP alarm setpoint remains 50 psig below the LTOP initation setpoint which has been reduced by 1-97-
0015 to 442.6 psig. Therefore, the new | TOP alarm setpaint is 392.6 psig

Rev. 3/97



COnNPORATION

CALCULATION REVIEW q
CALC-REV.FRM Page ‘1 of i (5\!;{:‘.\6@

CALCULATION NO./REV.

[ I-89-0014, Rev. 8

PART | -

PART Il -

Rev. 8/97

DESIGN ASSUMPTION/INPUT REVIEW: APPLICABLE [X] Yes [ ] No

The following organizations have reviewed and concur with the design assumptions and inputs
identified for this calculation:

Nuclear Plant Technical Support MM"" /"//Q/é-?

System Engr Signature/Date

-
Nuclear Plant Operations '/ /5 /77

OTHERI(S} sKaxure/oaxe
// 19/17
Operations - EOP Group

Signature/G4t: 4/
Maintenance M?‘(i Mﬂ /5/y7

Licensing /j /m "{/M ///4//77

\‘grgnature/Date

RESULTS REVIEW: APPLICABLE [X] Yes [ ] No

The following organizations have reviewed and concur with the results of this calculation and
understand the actions which the organizations must take to implement the results.

Nuclear Plant Technical Support QA()CDAW@WV\ ”// Y/f 7

System Engr Signature/Date

Nuclear Plant Operations /W ////{/77

Signature/Date

~ / @&/,,/,/97
E Yes D N/A ~gignatdyre/Date d / )

Nuclear Plant Maintenance

Nuclear Licensed Operator Training
D YeS x N/A Signature/Date

Manager, Site Nuclear Services
D Yes E N/A Signature/Date

Sr. Radiation Protection Engineer
D Yes E N/A Signature/Date

OTHERSL;:DF é/eou;ﬂ V %%///7

Signature/Date

oignatures/Date



089,

Florida

CORPORATION

CALCULATION REVIEW

CALC-REV.FRM

Page 1 of,f:'}

CALCULATION NO./REV.

LI-89—0014, Rev. 8

{14
\\\"‘;"'ﬂ

PART | -

PART Il -

Rev. 8/97

DESIGN ASSUMPTION/INPUT REVIEW: APPLICABLE Yes [] No

The following organizations have reviewed and concur with the design assumptions and inputs
identified for this calculation:

Nuclear Plant Technical Support M //.//4/'/97

System Engr Signature/Data

Nuclear Plant Operations
OTHERI(S) Signature/Date

Operations - EOP Group

Signature/Date

Maintenance

Signature/Date

Licensing p{;/cé@f«) %/M ////4//77

Signature/Date

RESULTS REVIEW: APPLICABLE [X] Yes [] No

The following organizations have reviewed and concur with the results of this calculation and
understand the actions which the organizations must take to implement the results.

Nuclear Plant Technical Support WMW ”//7:/;7

System Engr Signature/Date

Nuclear Plant Operations

Signature/Date

Nuclear Plant Maintenance
Yes D N/A Signature/Date

Nuclear Licensed Operator Training
D Yes & N/A Signature/Date

Manager, Site Nuclear Services
D Yes N/A Signature/Date
A\

Sr. Radiation Protection Engineer
D Yes & N/A Signature/Date

OTHERS:

Signature/Date

Signature/Date



000,

Florida

CORPORATION

CALCULATION REVIEW

Page iof i%m

| CALCULATION NO./REV.

I-89-0014, Rev. 8

PART Il - CONFIGURATION CONTROL: APPLICABLE [X] Yes [ | No

The following is a list of Plant procedures/iesson plans/other documents and Nuclear Engineering
calculations which require updating based on calculation results review:

Document Date Required Responsible Organization
1-84-0002 J2/21193 NOE
1-96-0002 12 /21]a8 NOE
SP-132 1231158 Maintenance
AR~s5O| —f2p 199 1221197 Opemtions

Upon completion, forward a copy to the Manager, Nuclear Regulatory Assurance Group for tracking of actions if
any items are identified in Part lll. If calculations are listed, a copy shall be sent to the original file and the
calculation log updated to reflect this impact.

PART IV - NUCLEAR ENGINEERING DOCUMENTATION REVIEW

The responsible Design Engineer must thoroughly review the below listed documents to assess if the
calculation requires revision to these documents. |f "Yes," the change authorizations must be listed
below and issued concurrently with the calculation.

Enhanced Design Basis Document [] Yes [X] No (TC# Vendor Qualification Package (vapP#)
FSAR [ Yes [X] No fietters Topical Design Basis Doc. [_] Yes [X] No (TC#
Improved Tech. Specification [1 Yes [X] No (Letter# E/SQPM [ Yes X No (Tc#)
Improved Tech. Spec. Bases [ Yes [X] No {Letter#) Other Documents reviewed:
Config. Mgmt. Info. System Xl Yes [1 No €loPt @74/ 40/ 1DS RC-3A-PS4 X Yes O No Dcw F7-6725
{CHANGE DOC. REFERENCE}
Analysis Basis Document [ Yes X] No (TC#) [ Yes ] No
(CHANGE DOC. REFERENCE)
Design Basis Document [] Yes X No (TC# 1 Yes [] No
{CHANGE DOC. REFERENCE)
Appendix R Fire Study [ Yes X] No (TC# [1 Yes [] No
{CHANGE DOC. REFERENCE)
Fire Hazardous Analysis [(] Yes [X] No (TC# [ Yes [[] No
{CHANGE DOC. REFERENCE)
NFPA Code Conformance Document [] Yes [X] No (TC#) ] Yes [] No

{CHANGE DOC. REFERENCE)

PART V - PLANT REVIEWS/APPROVALS FOR INSTRUMENT SETPOINT CHANGE
PRC/DNPO approval is required if a setpoint is to be physically changed in the plant through the NEP 213

process.
PRC Review Required X Yes ] No

PRC Chairman /Date
DNPO Review Required X Yes ] No

DNPO /Date
DESIGN ENGINEER/DATE DESIGN ENGINEER - PRINTED NAME
727 P, Z~KX yr3/92 | M. D. Lord
4

Rev. 8/97



Florida
Power

CORPORATION

CALCULATION VERIFICATION REPORT

Crystal River Unit 3

CALVERRP.FRM

Page 1 of 1

CALCULATION NUMBER

1-89-0014, Rev. 8

PROJECT/TITLE

RC PRESSURE LOOP ACCURACY FOR ES

X

[

X
OooOo O O O3%

OX O

7. K O
8. W [
oo O [
10. [
11. ¥ O

N/A

OO O X 0O

4

>

O

Are inputs, including codes, standards, regulatory requirements, procedures, data, and
Engineering methodology correctly selected and applied?
Have assumptions been identified? Are they reasonable and justified? {See NEP 101, V.c,
for discussion on references).
Are references properly identified, correct, and complete? (See NEP 101, V.c., for
discussion on assumptions and justification.)
Have applicable construction and operating experiences been considered?
Was an appropriate Design Analysis/Calculation method used?
In cases where computer software was used, has the program been verified or reverified in
accordance with NEP 135 for safety related design applications and/or are inputs,
formulas, and outputs associated with spreadsheets accurate?
Is the output reasonable compared to inputs?
) Has technical design information provided via letter, REA, 10C or telecon by other
lVBis?ciplines or programs been verified by that discipline or program?
Has technical design information provided via letter or telecon from an external Engineering
Organization or vendor been confirmed and accepted by FPC?
Do the calculation results indicate a non-conforming condition exists? If "Yes,"
immediately notify the responsible Supervisor.
Do the results require a change to other Engineering documents? If "Yes," have these

O

documents been identified for revision on the Calculation Review Form?

| have performed a verification on the subject calculation package and find the results acceptable.

VERIFICATION ENGINEER

S 7. Boekotsl, %@M W/ | 19.S. Kolels /0o kibef) nlry-(9>

DATE SUPERVISOR, NUCLEAR ENGINEERING DATE

Rev. 3/97

RET: Optional RESP: Nuclear Engineering 912 247




;‘...s Florida INTEROFFICE CORRESPONDENCE
.

Owel' Nuclear Engineering NA1E 240-3490

.. CORPORATION

Office MAC Telephone

SUBJECT: Crystal River Unit 3
Quality Document Transmittal - Analysis/Calculation

TO: Records Management- NR2A

The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEM(S) TOTAL PAGES TRANSMITTED
I-89-0014 7 RC 7

TITLE

RC PRESSURE LOOP ACCURACY FOR ES

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL)
Same as Rev. 6

DXREF (REFERENCES OR FILES - LIST PRIMARY FILE FIRST)
Same as Rev. 6

VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOGUMENTS (DXFER)
FPC C-423-5510-066 1-88-0024
TAG ’

Same as Revision 6

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.)

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99), otherwise; use Part number field (i.e.,
CSC14599, AC1459). If more space is required, write "See Attachment* and list on separate sheet.

DESIGN ENGINEER DATE VEWEW DATE SUPERV’SOR NUCLEAR Ew DATE
7. D. Zodl. colsys5] solpforT 12iaf15”
0

cc:  MAR Office (if MAR Related) [ Yes

Piant Document Updates Required ﬂYes O no {If Yes, send copy of the

Magr. Nucl. Config. Mgt. Calculation Review form to Nuclear Licensing and a copy of the Calculation to
Mgr., Nucl. Eng. Design the Responsible Organization(s) identified in Part lll on the Calculation Review form.)
(Original) w/attach NE__ e (B v  $e8 Hyes O no

W, woFAsIWSK W ATTACY (f yes, Transmit w/attach) 19/ 2~|as™

8. BALT— v [ ATy A

Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering



Florida

Eower

®

ANALYSIS/CALCULATION SUVIVIARY

DOCUMENT IDENTIFICATION NUMBER

DISCIPLINE

CONTROL NO.

REVISION LEVEL

89-0014 7

TITLE

RC PRESSURE LOOP ACCURACY FOR ES

CLASSIFICATION (CHECK ONE)

E Safety Related

|:| Non Safety Related
MAR/SP/CGWR/PEERE NUMBER
SP 95-002

VENDOR DOCUMENT NUMBER
C-423-5510-066

AEEX'S",%‘_S ITEMS REVISED
Design Engineer 27 2 Zl Pages 60, 68, & 69
Date (0l P2/% 5

Verification Engineer

0 77

Date/Method* /,, /,,/7,/ R
Supervisor /§ .E. 4¢.QQ~°«Q’
Date

wh;@:

*VERIFICATION METHODS: R - Design Review; A - Alternate Calculation; T - Qualification Testing

DESCRIBE BELOW IF METHOD OF VERIFICATION WAS OTHER THAN DESIGN REVIEW

PURPOSE SUMMARY

This revision corrects minor arithmetic and typographical errors made in Revision 6.

RESULTS SUMMARY

Tolerance on Table V! of Section VI (Results/Conclusions) was corrected.

Rev. 6/85

RET: Life of Plant RESP: Nuclear Engineering



CORPORNATIDN

@m CALCULATION REVIEW

Page 1 of 2

CALCULATION NO./REV.
I-89-0014/Rev. 7

PART I - DESIGN ASSUMPTION/INPUT REVIEW
The following organizations have reviewed and concur with the design assumptions and inputs
identified for this calculation:
Nuclear Plant Technical Support System — /30/; -
Engr
/2/ /Q;
Nuclear Plant Operations Signgffure/Date
OTHER(S) /
Wipfoar bn? A ibvens %‘7 /// /.z/ 3/@*’
Signature/Date /
Signature/Date
PART Ul - RESULTS REVIEW
The following organizations have reviewed and concur with the resuits of this calculation and
understandthe actions which the organizations must take to implement the results.
Nuclear Plant Technical Support System 740{- % ’Z,zg( /) /70 / P
Engr Slgnature/Date
Nuclear Plant Operations \(/ ‘L' / Jﬁ/@:
|gnature/Date
Nuclear [Pgla)t Maintenance
Yes [J na
Nuclear Licensed Operator Training
D Yes m N / A Signature/Date
Manager, Site Nuclear Services
D Yes m N / A Signature/Date
Sr. Radiation Protection Engineer
D Yes m N / A Signature/Date
OTHERS:
Signature /Date
Signature/Date
Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering



CORPONATION

@% CALCULATION REVIEW

Page2of 2

CALCULATION NO./REV.
I-89-0014/Rev. 7

PART il - CONFIGURATION CONTROL

The following is a list of Nuclear Engineering and Plant procedures/lesson plans/other documents
which require updating based on calculation results review:

Document Date Required Responsible Organization
SP-132 '7_/2“LM€ Hein Franace (\—\. WeITA § Ik 1)

Upon completion, forward a copy to the Manager, Nuclear Licensing for tracking of actions if any items are
identified in Part IIl.

PART IV - PLANT REVIEWS/APPROVALS FOR FIELD SETPOINT CHANGE

PRC review is required if a full 10CFR50.59 Safety Evaluation is performed. DNPO approval is required if a
setpoint is to be physically changed in the plant.

PRC Review Required 0 ves Kl No

PRC Chairman /Date

DNPO Review Required [T Yes Fl  No

DNPO /Date

DESIGN ENGINEER/DATE

M P Z N Lof21]25

Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering



e Florida INTEROFFICE CORRESPONDENCE

Power Nuclear Engineering Design NA1E 231-5619
o* corPoRATION Office MAC Telephone

SUBJECT: Crystal River Unit 3
Quality Document Transmittal - Analysis/Calculation
File: CALC

TO: Records Management - NR2A

The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEM(S) TOTAL PAGES TRANSMITTED

1-89-0014 6 RC 100

TITLE

RC PRESSURE LOOP ACCURACY FOR ES

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL)

Calculation, Insulation Resistance, Setpoint, HPI, LPl, ES, Accuracy
DXREF (REFERENCES OR FILES - LIST PRIMARY FILE FIRST)

SP95-002, I-83-0001, 1-89-0010, 1-84-0002, SP-130,
SP-132, SP-135A, SP-135B, SP-135C, 1-84-0001

““VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF)
FPC C-423-5510-066 1-89-0014, Rev. 5
TAG
See Attached

PART NO.

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.)

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99), otherwise; use Part number field (i.e.,
CSC14599,AC1459). If more space is required, write *See Attachment" and list on separate sheet.

DESIGN ENGINEER DATE | VERIFI N ENGINEER DATE | SUPERVISOR, NUCLEAR ENEM DATE
). D Lomd 6N155 ,2/042/ 4//2,” k. A ¢/ [as

cc:  MAR Office (if MAR Related) 0 Yes/ No Plant Document Review Required EYes 0 No
. MAR/Project File Supervisor, Nuclear Document Control w/ Plant Doc. Rev.
Mgr. Nucl. Config. Mgt. Eval. and Analysis / Calc. Summary (If Plant Doc. Rev., is Yes)
File (CALC) - FPES "Original” w/attach AJE BWNT Byes O No
Mgr., Site Nucl. Eng. Serv. w/attach (f yes, Transmit w/attach)
C. ¢ stawmice VBrrac m.D. Lord w/arrT.

Rev. 11/94 RET: Life of Plant RESP: Nuclear Engineering 900 628



QUALITY DOCUMENT TRANSMITTAL (PAGE 2 OF 2)
CALCULATION 1-89-0014, REV. 6

Tag Number
RC-3A-PT3
RC-3A-PT4
RC-3B-PT3
RC-3A-PY3
RC-3A-PY4-1
RC-3B-PY3
RC-3-BT1
RC-3-BT7
RC-3-BT2
RC-3-BT8
RC-3-BT3
RC-3-BT9
RC-3A-JX3
RC-3A-JX4
RC-3B-JX3
RC-3A-EB1
RC-3B-EB2
RC-3A-EB2
RC-3A-EB3
RC-3B-EB3
RC-3A-PS3
RC-3A-PS4
RC-3A-PS5
RC-3A-PS6
RC-3A-PS7
RC-3A-PY4
RC-3A-PI3
RC-3B-PI2
RC-163A-PY1
RC-163B-PY1
RC-154-PR/TR
RC-3-BT4
RC-3-BT5
RC-3-BT6
RC-3-BT10
RC-3-BT11
RC-3-BT12

Rev. 11/94 RET: Life of Plant RESP: Nuclear Engineering 900 628



™Y
sorporstion ANALYSIS/CALCULATION SUMMARY

DISCIPLINE CONTROL NO. REVISION LEVEL
DOCUMENT IDENTIFICATION NUMBER | 89-0014 6
TITLE CLASSIFICATION (CHECK ONE)}
RC PRESSURE LOOP ACCURACY FOR ES [X] safety Related

D Non Safety Related
MAR/SP/CGWR/PEERE NUMBER/FILE

SP 95-002
VENDOR DOCUMENT NUMBER
C-423-5510-066
APERISIONS ITEMS REVISED
Design Engineer M. D. Lord 2, ¢ Znd| Entivre Calculatran
Date 03/24/95
Verification Engineer %/ %
Date/Method* ) /es e
Supervisor /é k. II,M
Date 6 [ |a¢

*VERIFICATION METHODS: R - Design Review; A - Alternate Calculation; T - Qualification Testing

DESCRIBE BELOW IF METHOD OF VERIFICATION WAS OTHER THAN DESIGN REVIEW

PURPOSE SUMMARY

This calculation has been totally rewritten to add "AS-LEFT" and "AS-FOUND" tolerances, 1/2 minor division errors, and

"CALIBRATED" errors to the calculation so as to provide a bases for the tolerances used in SP-132.

RESULTS SUMMARY

See the TABLES in Section VI "RESULTS/CONCLUSIONS" for the errors, *AS-Left* & "As-Found" tolerances, and

"CALIBRATED" errors associated with the components and the loops.

Rev. 11/94 RET: Life of Plant RESP: Nuclear Engineering 900 625



- P 1 of 1
Florida age o1

Power PLANT DOCUMENT REVIEW EVALUATION

Corporation

DOCUMENT TYPE / NUMBER TO BE EVALUATED
Calculation [-89-0014 Revision 6

PART I

INSTRUCTIONS: Calculations, Document Change Notices, and Plant Equipment Equivalency Replacements have the potential to affect
plant documents. The Originator of any of these documents is required to determine which, if any, plant organizations should review the
subject document for impact. The Originator should use the best judgment to make this determination based on the nature of the
changes. If in doubt as to whether or not a plant organization should review a particular document, it is suggested that the subject
organization be contacted.

The Originator is to check the appropriate boxes below and attach to the subject package as follows:

Calculations - Insert behind Analysis/Calculation Transmittal
DCNs - Insert behind DCN page 1

PEERES - insert behind PEERE page 3

CIDPs - insert behind CIDP page 1

The above referenced document must be distributed as follows:

D Senior Radiation Protection Engineer Kl Other(s):
D Manager, Site Nuclear Services D.E. McPherson for Calibration Data Sheet Revisions
E Manager, Nuclear Maintenance

IXI Supervisor, Operations Engineering & Support Supervisor, Nuclear Training Controls
Manager, Nuclear Plant Technical Support

Manager, Nuclear Operations Training

ORIGINATOR / DATE SUPERVISOR / DATE N
M.D.Lord 77 D, ZsL &/l (4.5 A . /S»QQ.-/Q ¢ [ |ag

Upon completion of Part I, if applicable, attach to the subject document, check "Plant Document Review Required” block, "Yes" and give to
Nuclear Engineering Department Support Specialist for distribution.

CIDPs - Distribute with Attachments

Cales - Distribute with Transmittal Memo, Summary - PEERE - Distribute with Attachments - DCNs - Distribute with Attachments and Drawings

PART Il

INSTRUCTIONS: Upon receipt of the subject document, the assigned Reviewer enters the "Reviewing Department" name below, reviews the
subject document for impact on plant procedures, and completes the evaluation below.

CAUTION: IF THE SUBJECT DOCUMENT STATES SPECIFIC PLANT PROCEDURES/DOCUMENTS MUST BE DEVEL.OPED OR
REVISED AND IT IS DETERMINED BY THE REVIEWER NOT TO REVISE OR DEVELOP THOSE PROCEDURES/DOCUMENTS, THE
ORIGINATOR MUST BE CONTACTED BY THE REVIEWER.

REVIEWING DEPARTMENT

PLANT REVIEW IMPACT EVALUATION: The above referenced document has been reviewed and evaluated as foliows:

D No Action Required

D Action Required: The below listed document(s) is affected and requires revision and/or other actions as indicated (i.e., generate a new
procedure, void a procedure, etc.)

DOCUMENTS / ACTIONS

REVIEWER / DATE SUPERVISOR / DATE

Upon completion, forward evaluation form only to Nuclear Document Control (NR2A)
* If the Supervisor or designee acts as the Originator or Reviewer, the applicable "QOriginator/Reviewer" block should be NA'd.

12/94




Cudn'iy

{ ."‘ Flonda INTEROFFICE CORRESPONDENCE
{ Power Nuclear Engineering_Design NA1E_ 240-3434

CORPORATION
i MAC Telsphone
.... Office p

suBJECT: Crystal River Unit 3

Quality Document Transmittal - Analysis/Calculation
File: CALC

TO: Records Management - NR2A

The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV. SYSTEMS) TOTAL PAGES TRANSMITTED

1-89-0014 5 ES, RC 22

TILE

RC PRESSURE LOOP ACCURACY FOR ES

KWDS (IDENTFY KEYWORDS FOR LATER RETRIEVAL)
ES, Actuation, Alarm, interlock, IR, Error, Calculation

OXREF (REFERENCES OR FILES - LIST PRIMARY FILE FIRST)
SP-132
VEND (VENOOH NAME) VENDOR DOGUMENT NUMBER (OXREF] SUPEFSEOED DOGUMENTS (OXREF)
FPC/GCI C-423-5510-066 N/A
TAG

COMMENTS (USAGE RESTRICTIONS, PROPIVETARY, ETC.) ]
This Revision replaces Sheets 3, 4, 5, 7, 8, 9, 10, 11, 12, 15 and 16. In addition pages 4A, 4B, 8A and
Attachment 11 are being added to this calculation. No changes to Tag Numbers.

NOTE:

Use Tag number only for valid tag numbers (i.e., RCV-§, SWV-34, DCH-99), otherwise; use Part number field
(i.e.,, CSC14599, AC1459). If more space is required write *See Anachment' and list on separate sheet.

DESIGN ENGINEER ATE VEHFCATDN ENGINEER SUPERVISOR NUCLEAR
P.E. Couvillon / //;J ’)2_\2:5( 4 ‘gﬂ(‘{ '—/"/7‘5 g;QQJJQ 3/3 %’

ce:  MAR Office (H MAR Related) DYes B No Plant Document Review Required B Yes [ No

MAR/Project File Supervisor, Nuclear Document Control w/ Plant Doc. Rev.
Mgr. Nucl. Config. Mgt. Eval. and Analysis / Calc. Summary (if Plant Doc. Rav., is Yes)

File {CALC) - FPES *Original* w/attach AE N/A Oves B No
Mgr., Site Nucl, Eng. Serv, 7/attach (if yos, Transmit w/attach)
P L Covriecens RTvne s

MDA, texkd w/drr/&#
Rev. 11/94 RET: Life of Plant FESP: Nuclear Enginserng 300 628
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ANALYSIS/CALCULATION SUMMARY

DISCIPLINE CONTROL NO. REVISION LEVEL
DOCUMENT IDENTIFICATION NUMBER | 89-0014 5
TmE CLASSKFICATION {CHECK ONE)

RC PRESSURE LOOP ACCURACYFOR ES

[(X] safety Related

[0 won Salety Related

MAR/3P/CGWR/PEERE NUMBER/FLE
SP88-006

YENDOR DOCUMENT NUMBER
C-423-5510-066

REVISION
APPROVALS

ITEMS REVISED

Design Engineer

P.E. Couvillon 1/),’ Zd

 Revise pages 3, 4, 5, 7, 8, 9, 10, 11, 12, 15 and 16.

Date

2 /_? /9-\

Add pages 4A, 4B, 8A and Attachment 1.

Verification Engineer

A
)2 3.!(/ hz ‘“""bﬂ@m a-vUJ "

Date/Method* 2/ a5
Supervisor $. k. /4 M
Date 23] Q@

*VERIFICATION METHODS: R - DesignReview; A - Alternate Calculation; T - Qualification Testing

DESCRIBE BELOW IF METHOD OF VERIFICATION WAS OTHER THAN DESIGN REVIEW

PURPOSE SUMMARY

This calculation revises the above mentioned pages to reflect the deletion of Radiation Effects from the transmitters for

the actuation of the 500 and 1500 psig setpoints. In addition, the temperature range used in calculating the Temperature

Effect on the pressure transmitters is being revised.

RESULTS SUMMARY

See_Section VI "RESULTS/CONCLUSIONS" for the Calculated Loop Errors associated with the pressure transmitters.

Rey 11/94

RET: Lite of Plast RESP: Nuclear Engineering 80C 625
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Florida Page .1 of 1

Power PLANT DOCUMENT REVIEW EVALUATION

Corporallon

DOCUMENT TYPE / NUMBER TO BE EVALUATED
Calculation 1-89-0014 Revision 5

PART |

NSTRUCTIONS: Calculations, Document Changs Notices, and Plant Equipment Equivalency Replacements have the potential to affect
plant documents. The Originator of any of these decuments Is required to determine which, if any, plant organizations should teview the
subject document for impact. The Criginator should use the best judgment to make this determination based on the nature of the

changes. I in doubt as to whether or not a plant organization should review a particular document, il is suggested that the subject
organization be contacted.

The Origlnator is to check the appropriate boxes below and attach to the subject package as follows:

Calculations - Insert behind Analysis/Calculation Transmittal
DCNs - Insert behind DCN page 1

PEEREs - insert behind PEERE page 3

CIDPs -~ Insert behind CIDP page 1

The above referenced document must be distributed as foltows:

O senior Radiation Protection Engineer O  otherts):
D Manager, Site Nuclear Services
D Manager, Nuctear Maintenance

[Xl Supervisor, Operations Engineering & Support
E‘] Manager, Nuclear Plant Technical Support

ORIGINATOR 7 DATE SUPENSOR/ DATE .
P.E. Couvillon / M So o A »QQ_.JQ f 2 ( 45"

Upon compistion of Part |, if applicable, attach 1o the subject document, check *Plant Document Review Required® block, 'Yes and give to
Nuclear Engineering Depariment Suppont Specialist for distribution.
CIDPs - Distribute with Attachments

Calcs - Distribute with Transmittal Memo, Summary - PEERE - Distribute with Attlachments - DCNs - Distribute with Attachments and Drawings

PART Il

INSTRUCTIONS: Upon receipt of the subject document, the assigned Reviewer enters the *Reviewing Department’ name below, reviews the
subject document for impact on plant procedures, and completes the evaluation below.
CAUTION: F THE SUBJECT DOCUMENT STATES SPECIFIC PLANT PROCEDURES/DOCUMENTS MUST BE DEVELOPED OR REVISED

AND IT 1S DETERMINED BY THE REVIEWER NOT TO REVISE OR DEVELOP THOSE PAOCEDURES/DOCUMENTS, THE ORIGINATOR MUST
BE CONTACTED BY THE REVIEWER

REVIEWING DEPARTMENT

PLANT REVIEW IMPACT EVALUATION: The above referenced documaent has been reviewed and evaluated as follows:

D No Action Required

D Action Required: The below listad document(s) is affected and requires revision and/or other actions as indicated (i.e., generate a new
procedure, void a procedure, elc.}

DOCUMENTS / ACTIONS

REVIEWER / OATE SUPERVISOR / DATE

Upon.completion, forward eveluation form only to Nuclear Document Control (NR2A)
* i the Supervisor or designee acts as the Originator or Reviewer, the applicable “Originator/Raviewer® block should be NA'd.

12194




Florida INTEROFFICE CORRESPONDENCE

o —~
CORPORATION Nuclear Engineering £zx $237
OFFICE MAC PHONE

SUBJECT: Crystal River Unit No. 3
Quality Document Transmittal - Analysis/Calculations
File: CALC

To: Records Management - NR2A

The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV SYSTEM(S) TOTAL PAGES TRANSMITTED

T 59 -oor¥ “ Es, rc
Re PRESSULE Joop ACCORACY [foR ES

TITLE

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL)

ES, Aofunﬁén - Alavrm J’yzfet%é/(//, I/g, frr‘o;; // 77/ ey 44

DXREF (REFERENCES OR FILES_AIST PRIMARY FILE F{RST)

VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF)

' PARTNO

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC.)

Replace ple Svrmmeory Sheet and calc sheef G cntt
revision H afc (ovmomgry Sheef a. d calc sheef 7.
o CQarge o Té_q o DAKEF .

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99) otherwise, use Part number fieid
(i.e., CSC14599, AC1459). If more space is required, write “See Attachment” and list on separate sheet.

T ae.izs | R T Tr9-20 2 D L i[5

[ A wxi
cc:l MAR Office (If MAR Related) O Yes @(No Supervisor, Nuclear Doc{ument ContrJ/wlPlant Doc. Rev.
MAR/Project File Eval. and Analysis / Calc. Summary
Mgr., Nucl. Config. Mgt. Plant Document Review Required }ﬁ/ No
File (CALC) — FPES - “Original” w/attach. I GC z }IM @‘ﬁ‘f -
Mgr., Site Nucl. Eng. Serv. wiattach. A/[ L M YEE
AW W (/F}’Ef‘ Tpansmt 14’4#4&) o
Rew;gg” 3/73 / RET: Life of Plant“RESP: Nuclear Engineering 900 628
[=19-T4 / 1—14-74



Florida
gower

ANALYSIS/CALCULATION SUMMARY

DOCUMENT IDENTIFICATION NUMBER

DISCIPLINE

CONTROL NO.

89-0014

REVISION LEVEL
4

TITLE

RC PRESSURE LOOP ACCURACY FOR ES

CLASSIFICATION (CHECK ONE)

[X] Safety Related
L—_] Non Safety Related

MAR/SP NUMBER/FILE
SP88-006
VENDOR DOCUMENT NUMBER
C-423-5510-066
REVISION
 APPROVALS ITEMS REVISED
Design Engineer wa € SHEET 9
7
Date \J(3/43

Verification Engineer

K’%‘/Zm«f"

Date/Method* |-/9-9+
Supervisor C @D,W/Ql
Date

(/27 77

*VERIFICATION METHODS: R - Design Review; A - Alternate Calculation; T - Qualification Testing

DESCRIBE BELOW IF METHOD OF VERIFICATION WAS OTHER THAN DESIGN REVIEW

PURPOSE SUMMARY

This revision corrects typographical errors on sheet 9.

RESULTS SUMMARY

No change. ES Actuation, Permit and Reset, +40 psi

Alarm and Interlock via NNI, +45 psi (Alarm of CFT valve not open could be at >750 psiq)

Recording, +39 psi

RIP Indicator +48 psi

See Section V! for outputs to RCITS, T-SAT, Plant Computer, Recall and RPP.

Rev. 4/92

RET: Life of Plant RESP: Nuclear Engineering 900 625



Powss PLANT DOCUMENT REVIEW EVALUATION

Corporatlon

DOCUMENT TYPE / NUMBER TO BE EVALUATED

Cpee [ 57000 Led §
PART |

INSTRUCTIONS: Calculations, Document Change Notices, and Plant Equipment Equivalency Replacements have the potential to affect
plant documents. The Originator of any of these documents is required to determine which, if any, plant organizations should review the
subject document for impact. The Originator should use the best judgment to make this determination based on the nature of the
changes. If in doubt as to whether or not a plant organization should review a particular document, it is suggested that the subject
organization be contacted.

The Originator is to check the appropriate boxes below and attach to the subject package as follows:

Calculations - Insert behind Analysis/Calculation Transmittal
DCNs - Insert behind DCN page 1
PEEREs - Insert behind PEERE page 2

The above referenced document must be distributed as follows:

M/ No Review Required D Nuclear Operations Superintendent

D Manager, Nuclear Plant Systems Engineering D Nuclear Maintenance Work Controls Superintendent
D Nuclear Chem/Rad Protection Superintendent D Manager, Nuclear Plant Technical Support

D Senior Radiation Protection Engineer D Other(s):

D Manager, Site Nuclear Services

ORIGINATOR / DATE P . ] SUPE| X R / DATE N
Q }\3’@7,\/& (//5 /%3 37:///5 . TD&@///Z C//?/?‘/

Upon completié/n of Part I, attach to the subject document, check "Plant Document Review Requiregpélock, as applicable, and give to Nuciear
Engineering Clerk for distribution. ¢

CIDPs - Distribute with Attachments

Calcs - Distribute with Transmittal Memo, Summary - PEERE - Distribute with Attachments - DCNs - Distribute with Attachments and Drawings

PART i
INSTRUCTIONS: Upon receipt of the subject document, the assigned Reviewer enters the "Reviewing Department” name below, reviews the

subject document for impact on plant procedures, and completes the evaluation below.
REVIEWING DEPARTMENT )

PLANT REVIEW IMPACT EVALUATION: The above referenced document has been reviewed and evaluated as follows:

D No Action Required

D Action Required: The below listed document(s) is affected and requires revision and/or other actions are required as indicated (i.e.
generate a new procedure, void a procedure, etc.)

DOCUMENTS / ACTIONS

REVIEWER / DATE SUPERVISOR / DATE

Upon completion, forward evaluation form only to Nuclear Document Controf {NR2A)
* If the Supervisor or designee acts as the Originator or Reviewer, the applicable "Originator/Reviewer" block should be NA'd.

12/92 RET: Life of Plant RESP:. Nuclear Engineering 901 193



{: 5:3..‘ Florida INTEROFFICE CORRESPONDENCE
eeds/ Power

Nuclear Engineering czrL 5237
OFFICE MAC PHONE

SUBJECT: Crystal River Unit No. 3
Quality Document Transmittal - Analysis/Calculations
File: CALC

TO0: Records Management - NR2A

The following analysis/calculation package is submitted as the QA Record copy:
DOCNO (FPC DOCUMENT IDENTIFICATION NUMBER) REV SYSTEM(S) TOTAL PAGES TRANSMITTED

LT8G -0ol¥ 3 °oc. o S
¢ Pressore Loof ,Accuv-mc/\/ [u—f SRS

TITLE

KWDS (IDENTIFY KEYWORDS FOR LATER RETRIEVAL)

£S, AC'{—QQ,X»‘UV\, Al avm E‘n/"@//ock f/e Eyrror /?7 JSLpP

DXREF (nzﬁensuces OR FILES - UIST PRIMIARY FILE FIRST)  Se Covan o et s Lobm add |’ DXREF 7

T §9-000y | LL¥4-voo( S/-/737Y . I¥8- 0030
I Fo-c0r¥ Lg% -~ ocoot 2/0—-4E 3 L g9 -ooro
LE&-00/Y , L&Y ~-000 2L DFo3Y¥033 s4.¢ LES-003 |
L &¢-var/ 2/0 A &y 2./0-HES
T gg-001% \Zo5~047/zcn7f,€6//%} SP-132]|AR-502| LEF-002Y
VEND (VENDOR NAME) VENDOR DOCUMENT NUMBER (DXREF) SUPERSEDED DOCUMENTS (DXREF)

C-413-6s70-0CL

I 8% ~ool¥ /2 v. 2

RC-3A/B-PT3 RC-3A-EB|,2% 3
RC-3A-PT4 RC-3B-EB2
Re€-34/8-4X3 RC-3A4-PS53,4,5 ¢t¢1
RC-3A-JXy Re-3A-PYY%

RC-3A/B -fX3 Rc-3~BT12,37,8¢9
"RC-3A-Px ¢ RC-3A-PL3
RC-3A/8-PY3 RCe~3B-FT2

RC-3A-PYY ‘ C-154-PR/TR

PARTNO

COMMENTS (USAGE RESTRICTIONS, PROPRIETARY, ETC)

Avp'. DXREF : Teeh Spec 3M.3.2.1 F U4.5.1.4 \1659432'-13

V,@_f.;’ CARBL-C595-0% TERM ~R09¥~05 TERM ~R0FE-O7

PeEN ~c 5,2 -0Y INST - R34(F-03

NOTE:
Use Tag number only for valid tag numbers (i.e., RCV-8, SWV-34, DCH-99) otherwise, use Part number field
(i.e., CSC14599, AC1459). If more space is required, write “See Attachment’ and list on separate sheet.

DESIGN EN ) ‘f/rc/q?/ DATE VERIFICATION ENGINEER DATE SUBERYISO R ENG. DAT|
Q TS@J& 4 /92 T ko tollla2 @ﬁmg/%/iz/
cc:

c /MAR Office (If MAR Related) O Yes ,&’ No Supervisor, Nuclear Dééument Conxé{ w/Plant 6oc. Rev.
MAR/Project File SP €3-00C Eval. and Analysis / Calc. Summary
Mgr., Nucl. Config. Mgt Plant Document Review Required ;Q/Yes 0O No
File (CALC) — FPES - “Original" w/attach. (/. ,Doye [ R-L.Mu33e o)/q,ff ,
Mgr., Site Nucl. Eng. Serv. w/attach. J.DDwea

Rev 4/92 RET: Life of Plant RESP: Nuciear Engineering 900 628




@ Florida
Power
ANALYSIS/CALCULATION SUMMARY

DOCUMENT IDENTIFICATION NUMBER | 89-0014 3

TITLE CLASSIFICATION {CHECK ONE)

RC PRESSURE LOOP ACCURACY FOR ES Safety Related
: ] Non safety Related
MAR/SP NUMBER/FILE

SP88-006

VENDOR DOCUMENT NUMBER
C-423-5510-066

REVISION
APPROVALS

Design Engineer 0 D&i/'gu\/
4

Date / O/ 57/ 92

Verification Engineer NT Cer ka‘

ITEMS REVISED

Date/Method* :o\Lo 2
Supervisor - ﬁ \D%a/
Date L 10/05155.

*VERIFICATION METHODS: R - Design Review; A - Alternate Calculation; T - Qualification Testing

DESCRIBE BELOW IF METHOD OF VERIFICATION WAS OTHER THAN DESIGN REVIEW

PURPOSE SUMMARY

Determine the instrument loop accuracy of the RC Pressure loops of the Engineered Safequards (ES), control room

recorders and alarms, NNI interlocks, RECALL (SPDS), T,,; meters, plant computer, reactimeter patch panel,

and RCITS (for pressure compensation of level).

RESULTS SUMMARY

ES Actuation, Permit and Reset, +40 psi

Alarm and Interiock via NNI, +45 psi (Alarm of CFT valve not open could be at >750 psiq)

Recording, +39 psi RIP Indicator +48 psi

See Section VI for outputs to RCITS, T-SAT, Plant Computer, Recall and RPP.
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PLANT DOCUMENT REVIEW EVALUATION

DOCUMENT TYPE / NUMBER TO BE EVALUATED

(é/(«/@ﬁ:rv\ l/f??—@a/# %w_}

PART |
INSTRUCTIONS: Calculations, Document Change Notices, and Plant Equipment Equivalency Replacements have the potential to
affect plant documents. The Originator of any of these documents is required to determine which, if any, plant organizations should
review the subject document for impact. The Originator should use the best judgment to make this determination based on the nature
of the changes. If in doubt as to whether or not a plant organization should review a particular document, it is suggested that the
subject organization be contacted.

The Originator is to check the appropriate boxes below and attach to the subject package as follows:

Calculations - insert behind Analysis/Calculation Transmittal
DCNs - insert behind DCN page 1
PEERE:s - insert behind PEERE page 2

The above referanced document must be distributed as follows:

D No Review Required ﬂi Nuclear Operations Superintendent

D Manager, Nuclear Plant Systems Engineering D Nuclear Maintenance Work Controls Superintendent
0 Nuclear Chem/Rad Protection Superintendent O Manager, Reliability Centered Maintenance

D Senior Radiation Protection Engineer D Other(s):

T pCe  Wispe TV Dyl ofstye

Upon oompletuon of Part |, attach to the subject document, check "Plant Documén Review Hequtreddock as applicable, and give to Nuclear
Engineering Clerk for distribution.

Calcs - Distribute with Transmittal Memo, Summary - PEERE - Distribute with Attachments - DCNs - Distribute with Attachments and Drawings

PART (i
INSTRUCTIONS: Upon receipt of the subject document, the assigned Reviewer enters the "Reviewing Department" name below,
reviews the subject document for impact on plant procedures, and completes the evaluation below.

REVIEWING DEPARTMENT

PLANT REVIEW IMPACT EVALUATION: The above referenced document has been reviewed and evaluated as follows:

O No Action Required

D Action Required: The below listed document(s) is affected and requires revision and/or other actions are required as indicated {i.e.,
generate a new procedure, void a procedure, etc.)

DOCUMENTS / ACTIONS

REVIEWER / DATE SUPERVISOR / DATE

Upon completion, forward evaluation form only to Nuclear Document Control (NR2A)
* If the Supervisor or designee acts as the Originator or Reviewer, the applicable 'Ongmator/Reviewer block should be NA'd.
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. PURPOSE:

The purpose of this calculation is to determine the instrument loop accuracy of the RC pressure loops of the
Engineered Safeguards (ES), control room recorders and alarms, NNI interlocks, RECALL (SPDS), Tsar meters
and plant computer. The instrument loop accuracy values calculated will be used to support the ES surveillance
requirements given in Improved Technical Specifications (ITS) section 3.3.5.3 (Reference 63).

The purpose of Revision 9 ICA is as follows:

e RCITS IV uncertainty has been removed from this calculation. Reason: The RCITS I/V loop uncertainty is
no longer required as input to calculation 189-0010 (Reference 60) and the RCITS loop input is not tested
in SP-0132 (Reference 37). However, the loop IR effects have been revised to incorporate the MAR 97-
02-12-02 (Reference 86) RC-163A-PY1 and RC-163B-PY1 I/V modification to the new Foxboro I/V
module .

e The HPI Upgrade project altered the current high pressure injection (HPI) system to improve its reliability and
capability to meet its defined functional requirements as well as reduce operator burden during accident scenarios.
The change impacts the interfacing system such as the engineered safeguards actuation system (ESAS) by revising
the ITS ES RCS Low Pressure setpoint, Bypass Reset and Bypass Permit values (see table below). This revision will
incorporate the revised values for the ES RCS Low Pressure Trip, ES Low RC Pressure Alarm , Bypass Permit,
Bypass Permit Alarm, Bypass Reset, and Bypasss Reset Alarm setpoints. The HPI MAR 97-02-12-01 and MAR 97-
02-12-02 (References 85 and 86) will establish the Bypass Reset and Permit setpoints since there are no analytical
limits associated with these setpoints.

s i R b U T L T e e
ES RCS Low Pressure >1500 psig >1625 psig
(ITS Required Value)
ES RCS Low Pressure Bypass Reset <1700 psig <1800 psig
(ITS Required Value)
ES RCS Low Pressure Bypass Permit 1670 psig 1770 psig
(Plant Implemented Value)
ES RCS HPI Not Bypassed/Reset Alarm 1640 psig 1740 psig
(Plant Implemented Value)
ES Low Low RC Pressure Alarm 1550 psig 1675 psig
(Plant Implemented Value)

° This revision also adds the Signal Monitor and Bypass Alarm setpoint values to calculation Table V.
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Instrument Loops
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I RESULTS/CONCLUSIONS:

ERROR USAGE INFORMATION

The error values provided in the tables below for indicators/recorders do not include indicator/recorder readability.
These error values must be used along with readability when determining a proper offset for taking a required reading
from one of the indicators/recorders. The required value would be offset by the appropriate error from Table VII table
below, then rounded (in the conservative direction) to the 1/2 minor division for taking a reading. A more detailed
discussion on this subject, with examples, is provided in the Operational Considerations section below. The list below
gives the 1/2 minor division for the indication/recording devices analyzed.

END DEVICE 1/2 MINOR DIVISION
RC-154-PR/TR 25 psig
RC-3A-PI3 25 psig
RC-3B-PI2 25 psig

The following tables list the applicable results of this calculation.

TABLE |
ical Specifi

RC-3-BT1, RC-3-BT2, & RC-3- > 1625 PSIG FSAR TABLE 6-13°
BT3 ITS TABLE 3.3.5-1
RC-3-BT4, RC-3-BT5, & RC-3- > 1800 PSIG (Nominal) ITS TABLE 3.3.5.1
BT6

RC-3-BT10, RC-3-BT11, & RC- > 900 PSIG (Nominal) ITS TABLE 3.3.5.1
3-BT12

RC-3-BT7, RC-3-BT8, & RC-3- > 500 PSIG FSAR TABLE 6-13

BT9 ITS TABLE 3.3.5.1
RC-3A-PS3 (LO) > 653 PSIA ITS Section 3.5.1 (SR 3.5.1.3)
RC-3A-PS3 (HI) <750 PSIG ITS Section 3.5.1

* Reference 40

TABLE i
Scaling/Cali

RC-3A-PT3 27.2 PSIG 27.2PSIG 2527.2 PSIG

RC-3A-PT4 27.2 PSIG 27.2 PSIG 2527.2 PSIG
RC-3B-PT3 27.8 PSIG 27.8 PSIG 2527.8 PSIG
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TABLE llI

Split Loop:IN Transmitter Setting Tolerances

3

RC-3A-PT3, RC-3A-PT4, & RC-3B-PT3 10.25% SPAN, 0.04 mA 10.56% SPAN, 0.090 mA,

RC-3-BT1 6.660 Vdc 1665 psig 1 +0.010 Vdc +0.026 Vdc
(HPI TRIP)
RC-3-BT2 6.660 Vdc, 1665 psig +0.010 Vdc +0.026 Vdc
(HPI TRIP)
RC-3-BT3 6.660 Vdc, 1665 psig 4 +0.010 Vdc +0.026 Vdc
(HPI TRIP)
RC-3-BT4 Permit: 7.080 Vdc, 1770 psig 4 1+0.010 vVdc +0.026 Vdc
(HPI Bypass Permit/Reset)
Reset: 7.180 Vdc, 1795 psig T +0.010 Vde +0.026 Vdc
RC-3-BT5 Permit: 7.080 Vdc, 1770 psig 4 1+0.010 vVdc 1+0.026 Vdc
(HPI Bypass Permit/Reset)
Reset: 7.180 Vdc, 1795 psig T +0.010 Vdc +0.026 Vdc
RC-3-BT6 Permit: 7.080 Vdc, 1770 psig 4 +0.010 Vdc +0.026 Vdc
(HP! Bypass Permit/Reset)
Reset: 7.180 Vdc, 1795 psig T +0.010 Vdc +0.026 Vdc
RC-3-BT7 2.240 Vdc, 560 psig | £0.010 Vdc +0.026 Vdc
(LPI TRIP)
RC-3-BT8 2.240 Vdc, 560 psig +0.010 Vdc +0.026 Vdc
(LPI TRIP)
RC-3-BT9 2.240 Vdc, 560 psig + +0.010 Vdc +0.026 Vdc
(LPI TRIP)
RC-3-BT10 Permit: 3.400 Vdc, 850 psig { +0.010 Vdc +0.026 Vdc
(LPI Bypass Permit/Reset) )
Reset: 3.500 Vdc, 875 psig T +0.010 Vde +0.026 Vdc
RC-3-BT11 Permit: 3.400 Vdc, 850 psig ¢ +0.010 Vdc +0.026 Vdc
(LPI Bypass Permit/Reset)
Reset: 3.500 Vdc, 875 psig T +0.010 Vdc +0.026 Vdc
RC-3-BT12 Permit: 3.400 Vdc, 850 psig +0.010 Vdc 10.026 Vdc
(LPI Bypass Permit/Reset)
Reset: 3.500 Vdc, 875 psig * +0.010 Vdc +0.026 Vdc
RC-3A-PS3 (LO) (CFT 2.760 Vdc, 690 psig +0.025 Vdc +0.026 Vdc
Isolation Valve Not Closed)
RC-3A-PS3 (HI) 2.810 Vdc, 702.5 psig T +0.025 Vdc +0.026 Vdc
(CFT Isolation Valve Not
Open)
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RC-3A-PS4 Mot D1 570 Vidc, 392.6 psig T + 0.025 Vdc +0.026 Vdc

(LTOP Alarm)

RC-3A-PS4 0.800 Vdc, 200 psig T +0.025 Vdc +0.026 Vdc

(DHR ACI Valve Position

Alarms)

RC-3A-PS5 3.000 Vdc, 750 psig 4 +0.025 Vde +0.026 Vdc

(LPI Not Bypassed Alarm)

RC-3A-PS5 3.000 Vdc, 750 psig T +0.025 Vde +0.026 Vdc

(LPI Not Reset Alarm)

RC-3A-PS6 6.960 Vdc, 1740 psig +0.025 Vdc +0.026 Vdc

(HPI Not Bypassed Alarm)

RC-3A-PS6 6.960 Vdc, 1740 psig T +0.025 Vdc +0.026 Vdc

(HP! Not Reset Alarm)

RC-3A-PS7 0.800 Vdc, 200 psig T +0.025 Vdc +0.026 Vdc

(DH Isolation Valve to PZR

Spray Open Alarm )

RC-3A-PY4 6.700 Vdc, 1675 psig + +0.025 Vdc +0.026 Vdc

(RC Low Pressure Alarm)

Note 1: The LTOP Alarm will remain at 1.570 Vdc (392.6 psig) after implementation of the 32 EFPY
LTOP Analysis setpoints. Refer to section 6.9 of this calculation for details.

TABLE V

Split Loop:OUT (TOTAL) Tolerances (Input at Cabinet to O

ut of Device)

RC-154-PR/TR +1.0%, +25 psig 12.0%, £50 psig
PC/RECALL/SPDS +0.45% -+ ; +1.03%. +2 ;
(R208,R210,RECL-4,RECL-5) +0.45%, +11.3 psig +1.03%, +25.8 psig
Output to T'Sat $0.14%, £3.5 psig +0.72%, +18.0 psig
RIP Indicators(RC-3A-PI3, RC-3B-PI2) +2.0%, =50 psig +3.0%, +75 psig
TABLE VI

R SRR I FEIII I T RI TR IR I RO TNV

RC-3-BT1, RC-3-BT2, RC-3-BT3, RC-3- 10.010 Vdc 10.068 Vdc
BT7, RC-3-BT8, & RC-3-BT9

Signal Monitors (Alarm/Intlk) +0.014 Vdc +0.072 Vdc,

Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering



porida  KhEgIGN ANALYSIS/ICALCULATION

CORPORATION Crystal River Unit3

DESA-C.FRM

Page 6 of 88

DOCUMENT IDENTIFICATION NO. REVISION

1-89-0014 10

TABLE VIl
CalibratedTotal Loop Errors (CEyqya,)

AR R
RC-154-PR/TR +3.31%, - 2.97% +6.27%, -5.82%
+82.8, - 74.3 psig +156.8 , -145.5 psig
PC/RECALL/SPDS +1.66%, -1.32% +5.55%, -5.10%
(R208,R210,RECL-4,RECL-5) +41.5, -33.0 psig +138.8, -127.5 psig
Output to T'Sat +1.43%, -1.09% +5.49%, -5.04%
+35.8, -27.3 psig +137.3, -126.0 psig
RIP Indicators +3.45%, -3.11% +6.33%, -5.88%
(RC-3A-PI3, RC-3B-P12) +86.3, -77.8 psig +158.3, -147.0 psig
Trip Units - RC-3-BT1, RC-3-BT2, RC-3- NA +1.37%, +34.3 psig
BT3, RC-3-BT7, RC-3-BT8, & RC-3-BT9
: P Antl +1.57%, -1.23% NA
Signal Monitors (Alarm/intlk) +39.3, -30.8 psig

TABLE Vil
HPI/LP1 LOOP RESPONSE TIME

0.2 sec 1 sec ] 0.1 sec 1.3 sec
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FIGURE |
ESAS TRIP DATA

Normal Operating Pressure 2155 psig  -—---—---—--—--

.............. 1665 psig HPI Trip Inplant Setpoint

HPHLITS Trip Allowable Value 1625 psig --—---—--—-—-
& Analytical Limit

Core Flood Tank Flow Initiation 600 psig -------~--—--

-------------- 560 psig LPI Trip Inplant Setpoint

LP1ITS Trip Allowable Value 500 psig =~ -—-—--------

NOTE: Pressures given in the above figure are ideal and are not scaled to the specific transmitter calibration
spans.
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FIGURE Il

ES/HPI BISTABLE DATA

............. 1800 ITS HPI Bypass Reset Value

.............. 1795 psig HPI BYPASS Reset Inplant Setpoint

-------------- 1770 psig HPI BYPASS Permit Inplant Setpoint

.............. 1665 psig HPI Trip Inplant Setpoint

NOTE: Pressures given in the above figure are ideal and are not scaled to the specific transmitter calibration
spans.
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FIGURE lil

ES/LPI BISTABLE DATA

— 900 psig  ITS LPI Bypass Reset Value

-------------- 875 psig LPI BYPASS Reset Inplant Setpoint

850 psig  LPI BYPASS Permit Inplant Setpoint

.............. 560 psig  LPI Trip Inplant Setpoint

NOTE: Pressures given in the above figure are ideal and are not scaled to the specific transmitter
calibration spans.
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OPERATIONAL CONSIDERATIONS:

Maximum and Minimum Pressure Limits using Indicator, Recorder and Computer Points
Uncertainty and %z-Minor Division Readability

When the RC-3A or 3B indicators, recorder or computer points are used to determine the RCS 0-2500
psig pressure range, the positive and negative indicator and recorder uncertainties and %-minor division
readability (readability error is not applicable to the computer points) should be treated as follows:

For a maximum (increasing) pressure limit, the negative indicator, recorder or computer uncertainty value
would be subtracted from the maximum allowed pressure limit value. For all indicators and recorders the
resultant pressure value would then be rounded down to the nearest “.-minor scale division.

For a minimum (decreasing) pressure limit, the positive indicator, recorder or computer uncertainty value
would be added to the minimum allowed pressure limit value. For all indicators and recorders the
resuitant pressure value would then be rounded up to the nearest ¥2-minor scale division.

EXAMPLE 1:

For example, if the minimum allowable RCS pressure limit for accident conditions is 1625 psig the
positive indicated pressure accident uncertainty at RC-3A-Pi3 and RC-3B-PI2 would be found on Table
VII “Calibrated Total Loop Errors”.

(1) Take the required minimum allowable RCS pressure (1625 psig) and add the positive pressure
accident uncertainty value for RC-3A-P13 and RC-3B-PI2 from Table VII ( +158.3 psig) to the required
minimum limit value (1625 psig + 158.3 psig = 1783.3 psig).

(2) Round this calculated value (1783.3 psig) up to the next ¥2-minor division (25 psig) which gives a
required minimum pressure reading (1800 psig). This is the indicated value which must not be
exceeded to ensure the minimum pressure (1625 psig) is not exceeded.

Note: No rounding is required if computer points are used.

EXAMPLE 2:

If the maximum allowable RCS pressure limit for accident conditions is 1800 psig the negative indicated
pressure accident uncertainty at RC-3A-PI3 and RC-3B-PI2 would be found on Table VII “Calibrated Total
Loop Errors”. :

(1) Take the required minimum allowable RDS pressure (1800 psig) and subtract the negative pressure
accident uncertainty value for RC-3A-PI3 and RC-3B-PI2 from Table VIl ( -147.0 psig) from the
required maximum limit value (1800 psig — 147.0 psig = 1653 psig).

(2) Round this calculated value (1653 psig) down to the next ¥2-minor division (25 psig) which gives a
required maximum pressure reading (1650 psig). This is the indicated value which must not be
exceeded to ensure the maximum pressure (1800 psig) is not exceeded.

Note: No rounding is required if computer points are used.
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Iil. DESIGN INPUT (DI):

1 Instrument loop drawing in Section | above and drawings 205-047 sheets RC-11 (Reference 1),
RC-11A (Reference 2), RC-12A (Reference 73), RC-13A (Reference 56), D8034033 sheet 4
(Reference 3), 210-481 (Reference 4), 210-483 (Reference 5), 210-485 (Reference 6), 210-480
(Reference 64), 210-482 (Reference 71), and 210-484 (Reference 72) show the circuit
configuration for the RC Pressure loops.

2 The transmitters RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 are part of instrument loops which
provide signals to the Engineered Safeguards Actuation System (ESAS) and to R.G. 1.97 indication
in the main control room. According to Section B.3.3.5 of the Improved Technical Specifications
(ITS) (Reference 63), the analyzed accidents which rely upon automatic ESAS actuation include
Loss of Coolant Accidents (LOCA), Main Steam Line Breaks (MSLB), Steam Generator Tube
Rupture (SGTR), and feedwater line break events that result in a RCS inventory reduction or severe
loss of RCS cooling. The ESAS actuation of High Pressure Injection (HPI) has been assumed for
core cooling in the Small Break LOCA (SBLOCA) analysis and is also credited in the MSLB
analysis for the purposes of adding boron and negative reactivity. The ITS allowable ES value of
1500 psig (ITS Table 3.3.5-1) for low RCS pressure is established to provide for the initiation of core
protection systems on decreasing low RCS pressure. Such decreasing pressure would indicate
either a severe overcooling event or a loss of reactor coolant. Accident analyses has previously
used a conservative actual initiation setpoint of 1480 psig which bounds the [TS allowable value
and accounted for uncertainties and instrument errors. The time delay between the onset of the
accident and HPI initiation has been modeled in the accident analysis. At this low RCS pressure,
the time delay prior to HPI initiation for some SBLOCAs can affect the PCTs achieved in the core.
This will raise the ITS allowable ES value to 1625 psig and accident analysis F-98-0008 (Ref.78)
will now use a setpoint approaching 1625 psig to provide a shorter time delay between onset of the
accident and the initiation of HPI flow. This will result in slightly lower PCTs for the spectrum of
SBLOCAs. The new ES initiation setpoint also accommodates the effects of increased steam
generator tube plugging.

3 According to Section 2.4 of the TSBBD (Reference 62), the Crystal River 3 Improved Technical
Specifications do not include a requirement for a low (1625 psig) RCS pressure trip setpoint for the
ESAS actuation of Low Pressure Injection (LP!). According to Section B.3.3.5 of the ITS
(Reference 63), the ESAS actuation of LPI has been assumed for LBLOCA's. Table 3.3.5.-1 of that
same reference provides a RCS Low-Low Pressure Setpoint of >500 psig. Section B.3.3.5 also
states that the RCS Low-Low Pressure Setpoint for LPI occurs in sufficient time to ensure LPI flow
prior to the emptying of the core flood tanks during a LBLOCA. As with the RCS Low Pressure
Setpoint described above, Section 2.1.4.3 of the TSBBD (Reference 41) states that the
establishment of the ESAS Low-Low RCS Pressure Setpoint is determined from the accident
analysis value by adjusting for errors of the instrument channel.

According to Section 2.1 of the TSBBD (Reference 62), the LBLOCA establishes the basis for the
LPI safety function of ESAS. This is true from a flow perspective, but not from an operability
perspective. During a SBLOCA, the HPI and RB sprays will drain the BWST. Since the HPI pumps
can not take suction directly from the RB emergency sump, the LPI pumps must operate in a
recirculation mode (piggyback) to maintain operability of the HPI pumps. The operability of LPI has
been assumed in analyses of LBLOCA's and SBLOCA's. LPI flow is required for a range of break
sizes above a certain minimum; however, the LBLOCA is the most limiting event in requiring timely
actuation LPI to meet the flow requirements. For some smaller break sizes, LP! flow is required and
must be manually aligned to the HPI system to support extended core cooling, but is not limiting in
terms of actuation. This is due to the relatively slow decrease in RCS pressure as a function of the
break size.
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4 The Design Basis Document for Post-Accident Monitoring Instrumentation, Tab 5/11, (Reference
10), shows the Tsar meters as a Type A,B, Cat. 1 variable. This calculation will determine the error
for signals sent to T'Sat for the accident environment, as well as the normal operating environment
for the Post Accident Monitoring Instrumentation. Calculation 1-84-0002 (Reference 59) for T'Sat
will use the error values from this calculation to compute the remaining loop error for the T'Sat.

5 RC-154-PR/TR was installed as part of the Overpressure Mitigating System. CMIS classifies this
recorder as a R.G. 1.97 Category 3 variable; therefore, accident environment errors will be
considered for the recorder's instrument loop.

6 Pressure transmitters RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 are located in the Reactor
Building.

(a) Per drawing 308-605 (Reference 12), RC-3A-PT3 is located at the North "X" Station at an
elevation of 104'-1" (+ 1") in the Reactor Building.

(b) Per drawing 308-606 (Reference 13), RC-3A-PT4 is located at the North "Y" Station at an
elevation of 104'-%%" (+ 1"} in the Reactor Building.

(c) Per drawing 308-603 Sheet 2 (Reference 14), RC-3B-PT3 is located at the South "X" Rack at
an elevation of 102'-9" (x 4") in the Reactor Building.

(d) The connections for RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 sensing lines are shown on
drawings 308-601 (Reference 15), 308-602 (Reference 16), and 308-604 (Reference 17). The
connections to the RCS Hot Legs for all three transmitters are at an elevation of 167'-2%4".

Per CMIS, RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 are located in EQ Zone 66. Per the
Environmental and Seismic Qualification Program Manual (E/SQPM - Reference 18) EQ Zone 66 is
"HARSH" and has the following specifications:

Radiation - Normal: 1.4 x 10’ rads TID for 40 year dose.
Radiation - LOCA: 1.3 x 10® rads TID (40 year TID + 6 months).
Temperature - Normal: 70° to 109°F.

Temperature - LOCA: 110° to 302°F.

Temperature - HELB: NA

Per drawing 308-601 (Reference 15) and 308-602 (Reference 16), the sensing lines are routed
inside the D-Rings, which is designated as EQ Zone 40 per the E/SQPM (Reference 18) and has
the following specifications:

Radiation - Normal: 3.3x 107 rads TID for 40 year dose.
Radiation - LOCA: 1.4 x 10% rads TID (40 year TID + 6 months).
Temperature - Normal: 110° to 149°F.

Temperature - LOCA: 110° to 302°F.

Temperature - HELB: NA

Calculation 1-90-0014 (Reference 19) provides a point specific 10 year radiation dose for Zone 66.

(e) RC-3A-PT3is Iocated at the North "X" Station in the Reactor Building; it has a 10 year dose
rate of 2.3 X 10° rads at an elevation of 104".
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() RC-3A-PT4 is located at the North "Y" Station in the Reactor Building; it has a 10 year dose
rate of 2.3 X 10° rads at an elevation of 104",

(g) RC-3B-PT3 is located at the South "X" Rack in the Reactor Building; it has a 10 year dose rate
of 8.0 X 10° rads at an elevation of approximately 103'.

7 Instrument Data Sheets RC-3A-PT3 (Reference 20.a), RC-3A-PT4 (Reference 20.b), and RC-3B-
PT3 (Reference 20.c) show that the pressure transmitters are Rosemount Model 1154GP9RA
pressure transmitters with a calibrated span of 0 to 2,500 psig. The specifications for these
transmitters are described in Instruction Manual 1260 (Reference 21). The transmitters have the
following specifications:

Upper Range Limit (URL): 3,000 psig.

Reference Accuracy:  +0.25% of calibrated span (includes linearity, hysteresis, & repeatability).

Temperature Effect: +(0.75% URL + 0.5% span)/100°F ambient temperature change.

Drift (Stability): 10.2% of upper range limit for 30 months.

Overpressure Effect: +0.5% of upper range limit after exposure to 4,500 psig.

Power Supply Effect: < 0.005% per volt.

Steam Pressure/Temp: %(2.5% URL + 0.5% span) during and after sequential exposure to steam
at the following temperature and pressure, concurrent with chemical spray
for the first 24 hours:
420°F, 50 psig for 3 minutes
350°F, 110 psig for 7 minutes
320°F, 75 psig for 8 hours
265°F, 24 psig for 56 hours.

Seismic Effect: 1+0.5% URL after a disturbance defined by a required response spectrum
with a ZPAof 7 g's.
Radiation Effect: 1(1.5% URL + 1.0% span) during and after exposure to 55 x 10° rads TID

gamma radiation at the centerline per the following dose rate schedule of:
2 x 10° rads/hr for 2 hours,
1.5 x 10° rads/hr for 4 hours,
1 x 10 rads/hr up to 55 x 10° rads TID and an additional 55 x 10° rads TID
at a rate of 1 x 10° rads/hr during post-accident operation.

Normal Operating Design Temperature Limits: 40 °F to 200 °F

Mounting Position Effect: Effect is superseded by accuracy specifications.
Response Time Fixed time constant (63%) at 100°F is 0.2 seconds.

(a) Accident conditions use either the Temperature Effect or the Steam Pressure/Temperature
Effect as identified in DI29.h.

(b) Per the Enhanced Design Basis Document for the Reactor Coolant System, Section 6/1
(Reference 22), the RCS pressure is limited to 2750 psig due to the Code Safety Valves and
the Reactor Protection System (RPS). Because of this, the transmitters will never experience
their overpressure limit, which is the same as their upper range limit (4,500 psig). Therefore,
the overpressure effect for the pressure transmitters will be considered as + 0.0%.

(c) Since the conditions required for the Steam Pressure/Temperature effect during Normal

operating conditions is not applicable, the Normal Steam Pressure/Temperature effect will be
considered as * 0.0%.
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(d) Per Letter LFM90-0006 (Reference 23); "It is not required to apply LOCA + MHE
simultaneously to system functions.” In other words, a Seismic event (MHE) and a LOCA do not
need to be considered to occur simultaneously. Therefore, this calculation will only consider the
LOCA/HELB effects (Radiation Effect and Steam/Temperature Effect) since the Seismic Effect
is less than the LOCA/HELB effects. The Seismic Effect will be considered as £ 0.0% for
Normal and Accident conditions.

(e) Per Letter SNES94-0276 (Reference 24), "...Rosemount has stated that any of these radiation
induced errors may be compensated by calibration up to the tested dose from environmental
qualification testing or about 110 MRads. Thus, it is shown that compensation of the radiation
induced errors by calibration is a viable method up to the qualification level of 110 MRads."

Per the Attachment to Letter SNES94-0276, "The Iower the dose rate, the lesser the effect
on instrument accuracy For the lower dose rates (10* Rads/hour) it was shown that a TID
of less than 1 x 10° Rads resulted in a maximum output shift within the stated accuracy of

the transmitter. These results are meant to be an aid in determining effects of radiation on
accuracy of Rosemount transmitters."

Smce the highest dose rate expected for RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 i is 8.0 x
10° rads for 10 years per D16, the NORMAL total dose rate for 30 months is 2.0 x 10° rads
[(8 x 10° rads/10 years) x 2.5 years]. Therefore, the radiation effect for NORMAL operatlng
conditions will be considered as + 0.0% since the transmltters receive less than 1 x 10*
rads/hour and a 30 month TID of less than 1 x 10° rads.

(f) According to Instruction Manual 1260 (Reference 21), the pressure transmitter accuracy at
reference conditions shall be within + 2.5% of the URL after exposure to the DBE for one year
following the DBE. Since this value will be less than that calculated for the accident, the
accident value will serve as the R.G. 1.97 post-accident accuracy.

8 Allinstrument string components other than the above transmitters and portions of the T'Sat Meter
strings are located at the 145' elevation of the Control Complex (Reference 20 and CMIS). Per the
E/SQPM (Reference 18) , the 145" elevation of the Control Complex is designated as EQ Zone 13,
which is "MILD" and has the following specifications:

Radiation - Normal: <1.00 x 10* rads TID for 40 year dose.

Radiation - Accident: <1.00 x 10* rads TID (40 year TID + 6 months).

Temperature - Normal: 70°F to 80°F.

Temperature - LOCA: 95°F for 1.5 hours (Based on loss of offsite power coupled
with a LOCA)

The RCITS modules are located at the 124' elevation of the Control Complex (Reference 20bb,cc).
The PORV/T'Sat Meter Cabinets are located at the 108’ elevation of the Control
Complex(Reference 20), which according to the E/SQPM, is classified as EQ Zone 58. The zones
are considered as "MILD" and have the same environmental data as Zone 13 except Temperature
~ LOCA = 98°F.

~ 9 Buffer amplifier (BA) RC-3A-PY3, bistables (BT) RC-3-BT1, RC-3-BT7, RC-3-BT4, and RC-3-BT10,

transmitter power supply (PS) RC-3A-JX3, and associated resistor network are located in the ES
Channel Test Cabinet 1 (Reference 20).
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10 Buffer amplifier (BA) RC-3A-PY4-1, bistables (BT) RC-3-BT2, RC-3-BT8, RC-3-BT5, and RC-3-
BT11, transmitter power supply (PS) RC-3A-JX4, and associated resistor network are located in the
ES Channel Test Cabinet 2 (Reference 20).

11 Buffer amplifier (BA) RC-3B-PY3, bistables (BT) RC-3-BT3, RC-3-BT9, RC-3-BT6, and RC-3-BT12,
transmitter power supply (PS) RC-3B-JX3, and associated resistor network are located in the ES
Channel Test Cabinet 3 (Reference 20).

12 Voltage buffers (EB) RC-3A-EB1, RC-3A-EB2, RC-3A-EB3, RC-3B-EB2, and RC-3B-EB3 and
signal monitors (SM) RC-3A-PS3, RC-3A-PS4, RC-3A-PS5, RC-3A-PS6, RC-3A-PS7, and RC-3A-
PY4 are located in the Non-Nuclear Instrumentation (NNI) cabinets (Reference 20).

13 Pressure indicators (P1) RC-3A-PI3 and RC-3B-PI2 are located on the Redundant Indicator Panel
(RIP) above the ES section of the Main Control Board (Reference 20).

14 Pressure recorder (PR) RC-154-PR/TR is located on the HVR section of the Main Control Board
(Reference 20).

15 Instrument Data Sheets RC-3A-PY3 (Reference 20.d), RC-3A-PY4-1 (Reference 20.e), RC-3B-PY3
(Reference 20.f) show that these buffer amplifiers are Bailey model 6621670A1241 with a 10 Vdc
input span and a 0 to +10 Vdc output. Calculations 1-83-0001 (Reference 45) and 1-90-1020
(Reference 74) provide the following specifications:

Reference Accuracy (Egager) + 0.1% span
+

Drift over 30 days (EBA(dﬂ-SO)) 0.1% span
Response Time (RTga) =1 sec.
DRE (EBA(DRE)) =+0.399 % Span

Design Temperature Range Operating Conditions: * 35 °F from the selected calibration
temperature. Calibration temperature is to be between 75 °F and 105 °F (See Assumption xx).
Therefore, operating temperature range is between 40 °F to 140 °F.

Bailey qualified the 880 series of analog devices for use in nuclear facilities and reported on those
results in several reports that are referenced in 1-83-0001 (Reference 45). The approach used by
Bailey was to establish a Design Range Error (DRE) for the components that considered all the
effects of the environment taken to the extreme range allowed by the specifications of the product.
For example, the ambient temperature of the module was allowed to vary by as much as + 35°F
from the calibration (reference) temperature. Similar impacts for humidity and power supply effects
were included and then combined algebraically to arrive at the DRE. This error value was used to
initially calculate an "Abnormal" Condition error that was different from the "Accident” error

The meters on the front plate of the Buffer Amplifiers are not used by Operations or for surveillance.
The only function they provide is a maintenance aid. For that reason, they will be excluded from
this instrument error calculation.

16 Instrument Data Sheets RC-3-BT1 (Reference 20.g), RC-3-BT7 (Reference 20.h), RC-3-BT2
: (Reference 20.i), RC-3-BT8 (Reference 20.j), RC-3-BT3 (Reference 20.k), RC-3-BT9 (Reference
20.1), RC-3-BT4 (Reference 20.ee), RC-3-BT5 (Reference 20.ff), RC-3-BT6 (Reference 20.gg), RC-
3-BT10 (Reference 20.hh), RC-3-BT11 (Reference 20.ii), and RC-3-BT12 (Reference 20.jj) show
that these bistables are Bailey model 6621500A1 with a 0 to +10 Vdc input and a contact output.
Calculation 1-83-0001 (Reference 45) provides the following specifications:
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Reference Accuracy (Egrgen) +0.17% span

Drift over 30 days (Egr-a0)) = + 0.03% span
Potentiometer Resolution (Egrpoy) = +0.05% span
Repeatability of Setpoint (Egrsp)) = +0.02% span
Temperature Effect (Egr) = +0.07% span
Humidity Effect (Earqum)) = + 0.56% span
Response Time (RTgt) = 100 ms

Design Temperature Range Operating Conditions: * 35 °F from the selected calibration
temperature. Calibration temperature is to be between 75 °F and 105 °F (See Assumption xx).
Therefore, operating temperature range is between 40 °F to 140 °F.

17 Calculation 1-83-0001 (Reference 45) gives a 30 day drift value for the buffer amp. A 30 month drift
is calculated using the SRSS method described in Section 6.2.7 of ISA-RP67.04 (Reference 38). It
is assumed that the drift during each of the 30 day drift periods is random and independent.

(EBA(dﬂ)) (30) EBA(g

] o))]
£ [(30)0 0.0
+

* [(30)Earanag)T”
* [(30)(0 B(;-gj)%?/)
+

1 0.164% span

18 Instrument Data Sheets RC-3A-JX3 (Reference 20.m), RC-3A-JX4 (Reference 20.n), and RC-3B-
JX3 (Reference 20.0) show that these power supplies, which provide power to the above
transmitters, are Foxboro model 610-AT power supplies. According to Instruction Manual 49,
Volume 1C, Book 1887 (Reference 27), dc output voltage from this power supply is regulated to + 2
volts over a range of 76 volts (10 ma) to 84 volts (50 ma). These power supplies were originally
installed to support a 10-50 ma transmitter circuit; however, MAR 82-05-24-04 (Reference 51)
replaced the transmitters with the 4-20 ma transmitters described in DI7. Voltage divider networks
were added to allow the original power supplies to be used with the new transmitters. Although the
new transmitter's minimum current (4 ma) is less than the published minimum current (10 ma)
associated with the power supply output regulation value, the fact is that the resistors were sized for
a total current output from the power supply that is within the 10 to 50 ma range (see MAR 82-05-
24-04 Reference 51). For that reason, the + 2 volt power supply regulation still applies with the new
transmitters.

( E BT(dﬂ))

19 When MAR 82-05-24-04 (Reference 51) replaced the transmitters with Rosemount transmitters, the
original 250Q2 dropping resistors were replaced by voltage divider networks (consisting of 630,
13000, and 1600Q2 resistors) to allow the continued use of the original power supplies, while
providing the same input voltage range (2.5 - 12.5 Vdc) to the Buffer Amplifiers (References 4, 5, &
6) and ensuring sufficient voltage was provided to the transmitter to keep it within its design range.
According to procurement documents within the MAR (including FCN-15A), the resistors are
Ohmite Series 55 Acrasil Wirewound Type (Models 55-5-S-630R0O-B, 55-5-S-1K300-B, and 55-2-S-
1K600-B) and have a manufacturer's tolerance of £ 0.1% (Attachment 2). Since the transmitter
maintains a constant current output dependent upon the pressure it sees (and not based upon
inaccuracies in the load resistance), the only resistor error the Buffer Amplifiers see is that
associated with the 630Q dropping resistor across their input. The errors associated with the other
resistors in the current loop will have no effect on the 2.5 - 12.5 Vdc Buffer Amplifier input voltage.

Referring to the schematic for the Buffer Amplifier given in Bailey Product Instruction E92-316
(Instruction Manual 206 - Reference 43), the input impedance for the Buffer Amplifier is 100kQ.
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The input filter resistor for a Buffer Amplifier with a gain of 1 (last digit of Buffer Amplifier part
number is either a 1 or 2) has a value of 50kQ. This resistor is in series with a 50kQ2 resistor on the
Buffer Amplifier's input stage amplifier up to the operational amplifier's summing point. Therefore,
the input impedance is the summation of these two resistors. MAR 82-05-24-04 installed a 630Q
dropping resistor on the presumption that the input impedance of the Buffer Amplifier was 80kQ.
This value appears to be in error. Apparently it was believed that the input filter resistor was 30kQ
(instead of 50kQ), which corresponds to an incorrect gain of 1.25. The use of the incorrectly sized
dropping resistor appears to have little or no effect on plant operation since the combined dropping
resistor/Buffer Amplifier resistance is so close to the correct value (626Q rather than 625Q).
Despite this, the error created by the incorrectly sized resistor will be accounted for in this
calculation.

The maximum total input current of 20 mA from the transmitter is divided between the 630Q resistor
and the two 50kQ resistors (0.01% tolerance per Instruction Manual 206) in the Buffer Amplifier's
input circuit. With a tolerance of 0.1%, the 630Q resistor's actual value from the supplier could be
630€2 (1.001) = 630.63Q2 or 63002 (0.999) = 629.37Q. Neglecting the tolerance of the Buffer
Ampilifier input resistors, the following equation can be written to describe this current divider:

20 mA = (V/630.63Q) + (V/100kQ)

V  =12.534 volts

and
20 mA = (V/629.37Q) + (V/100kQ)
V  =12.509 volts

For a resistor output of 2.5 V to 12.5 V (10 V span), the above translates into the following resistor
error values:

Ereseias) =[(12.534 V - 12.5 V)/10 V](100%)
=+ 0.34% span
and
Eres@ias) =[(12.509 V - 12.5 V)/10 V](100%)
=+ 0.09% span

The larger value will be used in this calculation; therefore

Eresgnsy =1 y, n

The above resistor error is considered a bias error. |t applies to the unscaled outputs of the Buffer
Amplifier (i.e. 1700# HPI and 900# LPI bypass bistables, signal monitors, computer, indicators,
efc.). Since this calculation assumes the Buffer Amplifier is calibrated with its resistor (Assumption
4), the above error is calibrated out for the scaled ouputs of the buffer amplifier (i.e. 1500# HPI and
500# LPI trip bistables). The scaled output has an adjustable gain which can compensate for the
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differences between the actual and calculated resistor values. Therefore, this resistor error will not
apply to the scaled outputs of the Buffer Ampilifier.

According to the Ohmite product sheet for the resistors (Attachment 2), the resistors have a
temperature coefficient of + 20 ppm/°C (or 0.002%/°C) for resistors 10Q and above. Using the
ambient temperature variation of + 20°F normal and + 34°F accident (Assumption 1) for the Buffer
Amplifier, the following temperature effect is calculated for the 630Q resistor:

Eresnemp) = £ (0.00002/°C)(630€2)(20°F)(5°C/9°F)
=£0.140Q

Eresgemp) = £ (0.00002/°C)(630€2)(34°F)(5°C/9°F)
=£0.2380

This resistor error due to temperature variations produces a voltage error proportional to the
transmitter current. The temperature effect will have the greatest impact at the maximum
transmitter current (20 mA); therefore, this error in terms of % of span is:

ERESN(temp) 0289 ¢
+0.028% of span

[(0.23802)(0.020 A)})/10 V}(100%)
48% of span

{[(0.14€2)(0.020 A)J/10 V}(100%)
{

ERESA(temp)

+

E

The above temperature effect error term is treated as a random error in this calculation and is
applied to both the scaled and unscaled Buffer Amplifier outputs.

20 Instrument Data Sheets for RC-3A-EB1 (Reference 20.p), RC-3A-EB2 (Reference 20.q), RC-3A-
EB3 (Reference 20.r), RC-3B-EB2 (Reference 20.p), and RC-3B-EB3 (Reference 20.s) show that
these voltage buffers are cards contained within Bailey model 6624610 buffer modules with a 0 to
+10 Vdc input and a 0 to +10 Vdc output. Instruction manual 49 (Reference 46) provides the
following specifications:

Reference Accuracy (Eegen)
Temperature Effect (Eestemp))
Normal Temperature Range

+ 0.1% span
1 0.25% span
40 °F to 140°F

21 Instrument Data Sheets RC-3A-PS3 (Reference 20.t), RC-3A-PS4 (Reference 20.u), RC-3A-PS5.
(Reference 20.v), RC-3A-PS6 (Reference 20.w), RC-3A-PS7 (Reference 20.x), and RC-3A-PY4
(Reference 20.y) show that these signal monitors are Bailey model 6623819-1 with a 0 to +10 Vdc
input and a span of 0 to 2,500 psig. Instruction manual 49 (Reference 47) provides the following

specifications:
Reference Accuracy (Esmgen) =  £0.25% span
Temperature Effect (Esmtemg)) =  +0.25% span
Repeatability =  %0.1% span
Hysteresis =  ~0.05% span

Normal Temperature Range 40 °F to 140 °F

22 Instrument Data Sheets for RC-3A-PI3 (Reference 20.z) and RC-3B-PI2 (Reference 20.aa) show
that these indicators are Bailey model ES-260 with a 0 to +10 Vdc input for a span of 0 to 25 (psi X
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100 or 0-2500 psi). Instruction manual 49 (Reference 48) provide the following specifications for
indicators with DC movements:

Reference Accuracy (Egsen) 11.0% span

Temperature Effect (Esgemp)) = 10.01%/°F
Linearity = +0.25% span
Hysteresis = 0.8% span
Repeatability = 0.25%span
Dead Band = 0.25% span
Humidity = Negligible
Minor Scale Division = 50 psig

Normal Temperature Range 40 °F to 140 °F

Per Assumption #9, the linearity, hysteresis, dead band, and repeatability errors are assumed to be
included in the stated reference accuracy. However, the ambient temperature effects and
readability must be factored in fo arrive at a total error value. This is achieved using the SRSS
methodology since these are considered random error terms.

23 Per FPC Calculation 1-97-0015 (Reference 11), the Low Temperature Overpressure Protection
(LTOP) ITS value for the PORYV is 457 psig, with an inplant setpoint of 442.6 psig..

24 Instrument Data Sheet for RC-154-PR/TR (Reference 20.dd) shows that this indicator is a Esterline
Angus strip chart recorder model MS426C-30(A)-90(B)-90(C)-30(D)-90(E)-90(F)-D201DR61-RD-E7
with a 0 to +10 Vdc input for a span of 0 to 2,500 psig for both the A & B pressure signals. The
specifications for the pressure recorder are described in Instruction Manual 1243 (Reference 49).
The recorder has the following specifications:

+0.5% span

1+0.03%/°C over 10°C to 45°C
0.2% span (maximum)

50 psig (indicating and recording)
50 °F to 113 °F

Reference Accuracy (Erecen)
Temperature Effect (Ereciemp))
Deadband

Minor Scale Division

Normal Temperature Range

25 CMIS show that the Auxiliary Relays RC-3A-AR1 and RC-3A-AR2 are Bailey Model 6624913-1.
These relays make no contribution to the instrument error since they are discrete (on/off) devices.

26 Bailey test modules RC-3A-PX3, RC-3A-PX4, and RC-3B-PX3 will not be considered in this
calculation, because they are only used for testing ( Reference 37). The modules do not contribute
to the loop error. '

27 The I&C Design Criteria (Reference 25), Calculation 1-89-0004 (Reference 9), and ISA-RP67.04
Part Il (Reference 37) provide the bases for the development of calculations which require the
incorporation of Insulation Resistance (IR) effects. According to Figure 9 of Bailey Product
Instruction E92-316 (Reference 43), the transmitter loop is grounded through the Buffer Amplifier
input circuit; therefore, the IR effects are due to conductor-to-ground as well as conductor-to-
conductor current leakage.
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28 Per Calculation 1-88-0015 (Reference 26), the following is a list of the circuit data for the loop
components which are located in a "HARSH" environment:

INSTRUMENT LOOP CABLE WDP SEAL | SPUT PEN
B NO.
SENSOR MFG MODEL B/M (EK) CKT LGNT QT MF QTY
NO. Y
RC-3A-PT3 RMT 1154 36A-001 | RCR86 130 188 1 RMT | 2SPL 129
RC-3A-PT4 RMT 1154 38A-001 | RCR91 65 184 1 RMT | 2SPL 132
RC-3B-PT3 RMT 1154 37A-001 | RCR95 150 185 1 RMT | 2SPL 130

29 Since environmental effects can greatly affect transmitter signal accuracy, and since the accidents
identified in DI2 & 3 can represent substantially different environmental conditions, this calculation
must consider the following environmental scenarios under which these transmitters will operate to
satisfy the requirements of DI2 & 3:

a. Normal Environmental Conditions

b. Environmental Effects Prior to ES Actuation Following LBLOCA

c. Environmental Effects Prior to ES Actuation Following SBLOCA

d. Environmental Effects Prior to ES Actuation Following MSLB

e. Environmental Effects Post-Accident (SBLOCA)

f. Environmental Effects Post-Accident (LBLOCA)

g. Environmental Effects Post-Accident (MSLB inside and outside containment)

The RB accident environment following a main feedwater line break is considered to be enveloped
by the main steam line break RB environment since main feedwater temperature and pressure is
lower than that of main steam. The accident analysis for the Steam Generator Tube Rupture
accident takes credit for HP!; however, this accident doesn't create severe RB environmental
conditions which can affect the signal accuracy. Therefore, it will not be included in this evaluation.

The above normal and accident conditions will now be discussed as to their impact on various
transmitter accuracy components (i.e. temperature, insulation resistance on the circuit, steam
pressure/temperature, and radiation). The normal and accident temperatures described in the
ESQPM are used in all temperature calculations rather than the Technical Specification limit for RB
average temperature of 130°F. The Technical Specification limit represents an average
temperature over the RB elevations during normal (non-accident) plant operations. Since the
subject transmitters are located on the 95" elevation, their temperatures will be lower than the
average RB temperature.

a. Normal Environmental Conditions

The only effects considered are the transmitter temperature effects created by the differential
temperature between the transmitter's calibration temperature and the normal operating
temperature inside the RB. Insulation resistance (IR) degradation is not a concern since
there is no steam environment and no high temperatures present to reduce insulation
resistance. As explained in DI7.e, radiation effects are not a factor for the normal operating
environment.

b. Environmental Effects Prior to ES Actuation Following LBLOCA (>0.5 ft?)
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HPI

According to DI3, HPI is not considered for LBLOCA. The depressurization to the HPI
analysis actuation value (1625 psig) is so immediate that the transmitters essentially perform
their HPI safety function before the changing environment has time to affect their accuracy.
For that reason, the only LOCA environment that is likely to adversely affect the accuracy of
the transmitters before they are able to perform their HP! safety function is the SBLOCA
which will be addressed under DI29.c..

LPI

According to the Topical Report BAW-10103A (Reference 79), the RCS depressurizes to the
LPI setpoint (500 psig) following a double-ended, 8.55 ft* break at the RCP discharge in
approximately 18.5 seconds. Section 5.0 of Calculation 1-88-0028 (Reference 65) states that
due to the size and nature of a LBLOCA, there is very little difference in the RCS pressure
responses for different break sizes and locations. The maximum RB temperature over this
period rises to 299°F according to Zone 66 environmental data from the EQSPM (Reference
18).

Since the transmitter electronics housing is sealed from the environment, an accident
pressure spike should have no effect on the transmitter accuracy. For this reason, the
transmitter steam pressure/temperature effect error term should not apply from strictly a
pressure standpoint. The real environmental parameter impacting the transmitter accuracy is
the environment temperature.

Since there is a thermal lag associated with the transmitter, the transmitter housing will not
reach 302°F before the LPI actuation pressure is reached. The maximum transmitter housing
temperature will be far less than the temperature the transmitter was tested to for which the
steam pressure/temperature effect applies. Rosemount conducted a thermal response test
of the internal housing of its 1154D transmitter (using the same stainless steel housing as
used on the subject transmitters) and found the thermal time constant to be approximately 4.8
minutes (Reference 8 and Attachment 3). Using a lumped parameter approach to heat
transfer, a transmitter temperature at the time of LPI actuation can be derived. This method
provides good resuits whenever the internal conductive resistance is small compared to the
external convective resistance. Whenever this is true, the temperature of the object will be
spatially uniform at any given time. Rosemount used this approach in Attachment 1 to
determine transmitter temperature as a function of time. The approach as illustrated in
Attachment 1 assumes a step change in environment temperature. In actuality, the LOCA
temperature profile for the RB involves a ramp change in environment temperature. The
approach will be modified to accommodate a ramp change.

According to the environmental data for Zone 66 from the ESQPM (Reference 18), the
building temperature ramps from 110°F to 299°F during the first 1 second and is at 302° at
the end of 150 seconds, following the LBLOCA. As mentioned earlier, a ramp up to 302°F
will be assumed for the 18.5 seconds time to actuation. Attachment 1 provides the following
equation:

(T1-T0) = (T2 - TO)(1 - ™)
or
T1=T0 +(T2-T0)(1 - ™)

where:

TO = Temperature of the electronics board (or other device) at time =0
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T1 = Temperature of the electronics board (or other device) at time =t
T2 = Temperature of the environment at time = t

t = Time

TC =Time Constant of the transmitter housing (or other device)

Using this equation, the transmitter temperature at the time of LPI actuation is:

Tnpsss) = 110°F + (302°F - 110°F)(1 - o (18.55)(288 s))
= 122°F

Since the transmitter temperature at the time of LPI actuation is below the 200°F design
range for the Rosemount transmitter (Reference 21), the normal temperature effect error term
will be used in the computation of the LPI error rather than the steam pressure/temperature
effect.

Since during the time to LPI actuation the instrumentation cable, splices, conduit seals, and
penetrations are exposed to an elevated environment temperature and humidity, the issue of
decreased insulation resistance effects on the instrument loop must be addressed. As with
the transmitter, there is a thermal lag associated with these devices. Rather than performing
a rather rigorous finite element thermal analysis on each device to determine its approximate
temperature at the time of LPI actuation, the above lumped parameter approach will be used
for each device for this accident. Subsequent comparisons of these results with those of
other accidents will be made later in the Design Inputs, using the worst case ES actuation
and post-accident temperatures to determine the effect of IR.

Attachment 2 of Calculation 1-89-0004 (Reference 9) states the IR lag of multiconductor
cables is typically about 3 minutes for those tested in SAND89-1755C (Attachment 2 of
Calculation 1-89-0004 - Reference 9). Although the specific cable used in the RC pressure
application was not included in the above test, since silicone rubber cable was tested, the 3
minutes thermal lag is considered applicable to this calculation. According to the report, this
3 minute period was the time it took for the cables to reach a stable value of IR. The report
does not indicate how many time constants this value represents, but if it is considered that
this 3 minute period represents 3 time constants, one time constant would be equal to 60
seconds. This time constant should be conservative since the cables were not tested in
conduit. The RC pressure transmitter cables are routed in conduit. Conduit provides
additional thermal resistance to cable temperature increases and would thus increase the
actual thermal time constant of the cable (i.e. reduce the cable temperature). In addition, as
will be seen later, this thermal time constant is much smaller than that calculated for heat
shrink sleeving (based upon actual thermal data for the sleeving). The thermal time constant
of the cable is most likely more along the order of that of the heat shrink sleeving.

Using the 60 seconds as a conservative thermal time constant, the following cable
temperature at the time of LPI actuation following a LBLOCA is calculated using the above
lumped parameter approach:

Teusssy = 110°F + (302°F - 110°F)(1 - g'8° 0 )
= 161°F

According to CMIS, the electrical penetration feedthroughs are Conax feedthroughs. Since
the penetrations involve much more thermal mass than the transmitters, they will have a
much larger thermal time constant, resulting in a lower penetration temperature at the time of

LPI actuation. Since no thermal time constant information is available from the manufacturer,
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it is conservatively considered that the penetration temperature will be the same as the
transmitter temperature (122°F) at the time of LPI actuation.

Tp =122°F

VQP TERM-R098-04, the applicable VQP per DI33, Raychem has not published data
regarding thermal lag through its WCSF-N splice sleeving. Attachment 7 containes the results
of laboratory testing done on a sample of WCSF-200 material. From those test results, a
thermal time constant for the HPI/LPI actuation periods (0-120 seconds) based upon the
inside sleeve temperature will be determined using the same lumped parameter approach
established earlier:

126°C  =50°C + (225°C - 50°C)(1 - ¢!209MTC)
TC =211 seconds

This thermal time constant is conservative since it is based upon a splice sleeving that is not
enclosed in a splice box or penetration housing. Estimated splice temperatures based on this
thermal time constant will be higher than what is expected in the application for these
transmitter circuits. The estimated inner sleeve temperature at LPI actuation is:

Tsusssy = 110°F + (298°F - 110°F)(1 - 82 9/119)
= 126°F

No thermal time constant information is available for the Rosemount conduit seals used at the
transmitters; therefore, the seals will be considered as having the same thermal time constant
as the cable. This should be conservative since the seals are an extension of the cable and
are more dense than the cable. Therefore, the transmitter seal temperature at LP! actuation
is considered to be the same as the cable temperature (161°F).

TCS =161°F

Attachment 4 estimates an expected integrated dose at 20 seconds following a LBLOCA of
8.55 ft* as 50 Rad. Since this exposure combined with a 30 month normal operating
exposure (described in DIB) is less than the threshold for the radiation effects to apply (see
DI7.e), no radiation effects will be considered for the LPI error. The transmitter performs its
LPI safety function before it receives enough radiation to affect the accuracy of its signal.

c. Environmental Effects Prior to ES Actuation Following SBLOCA (<0.5 %)

HPI

With the HPI/MU System upgrade (MARs 97-02-12-01 and 97-02-12-02 References 85 and 86) and
associated setpoint changes, the period of operability of the ES HPI channels for a SBLOCA and the
applicable RB environment at the time of actuation are determined by examining FTI documents 32-
1266348-01 (Reference 87) and 32-1266137-01 (Reference 81). For small breaks from 0.5 ft* down
to 0.04 ft.%, the ES HPI actuates very quickly as the RC pressure drops, i.e., within the first 40 to 50
seconds into the transient. The smaller size SBLOCA's result in a much slower depressurization,
which results in a greater exposure of the transmitter and other circuit devices to the post-accident
reactor building environmental conditions prior to the initiation of the HPI safety function.
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For a break size of 0.01 ft.% FTI document 32-1266348-01 (Reference 87) indicates that the revised
HPI analysis actuation setpoint (1625 psig) is reached around 200 seconds. The corresponding RB
atmosphere is at an approximate temperature of 160°F, FTI Document 32-1266137-01 (Reference
81). To be conservative and ensure that the calculation will not have to be revised each time the
temperature profile changes, this instrument accuracy calculation will use a more conservative value
of 180°F for the RB temperature. This value corresponds to that for a break size of 0.04 ft.% at 78
seconds. This value is taken from FTl document 32-1266137-01 (Reference 81). (Note that this is
conservative because ES actuation occurs at approximately 43 seconds for the 0.04 ft® break with
the revised ES actuation setpoint.)

Using the same lumped parameter approach described earlier and conservatively using a step
change of the RB environment to 180°F to simplify the calculation, the transmitter housing
temperature at the time of HPI actuation can be estimated 200 seconds after the SBLOCA occurs:

TTN(200 g = 110°F + (180°F - 110°F)(1 - (200 5)/(288 s))
= 145°F

Since the transmitter temperature at the time of the HPI actuation is below the 200°F design range for
the transmitter, the normal temperature effect error term will be used in the computation of the HPI
error. In addition, since the HPI actuation temperature for the transmitter is higher than that
calculated for the LPI actuation following a LBLOCA, to simplify the error calculation, the higher HPI
(SBLOCA) transmitter temperature (145°F) will be used for both.

Using the same 60 second thermal time constant used for the LBLOCA LPI evaluation and following
the same approach, the following cable temperature at the time of HPI actuation following a SBLOCA
is calculated:

Teaoosy = 110°F + (180°F - 110°F)(1 - g0 /€0s))
=178°F

Since this cable temperature is higher than that calculated for the LBLOCA LPI actuation, the higher
temperature (178°F) will be applied to both accidents to simplify the calculation.

As was done under the LBLOCA LPI evaluation, the penetration temperature at the time of HPI
actuation is conservatively considered to be same as the transmitter temperature. Since the SBLOCA
HPI actuation results in a higher transmitter temperature, to simplify the calculation, the higher HP!I
(SBLOCA) 145°F value will be used for both actuation’s.

Using the same approach and thermal time constant used for the LBLOCA LPI actuation, the
following Raychem splice inner sleeve temperature is found for the HPI actuation:

Tspoosy = 110°F + (180°F - 110°F)(1 - o (200 )11 S))
= 153°F

Since this splice temperature is higher than that calculated for the LBLOCA LPI actuation, the higher
SBLOCA HPI value (153°F) will be applied to both accidents to simplify the calculation.

As was done for the LBLOCA LPI actuation evaluation, the transmitter seal temperature is
conservatively considered to be the same as the cable temperature. Since this temperature
is higher than that calculated for the LBLOCA LPI actuation, the higher temperature (170°F)
will be applied to both accidents to simplify the calculation.
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BWNT document 51-1234893-00 (Attachment 4) estimates an expected accident integrated
dose at 200 seconds following a SBLOCA of 0.01 ft? as 250 Rad. Since this exposure
combined with a 30 month normal operating exposure (per DIB) is less than the threshold for
the radiation effects to apply (see DI7.e), no radiation effects will be considered for the HPI
error. The transmitter performs its HPI safety function before it receives enough radiation to
affect the accuracy of its signal.

LPI

For the SBLOCA events, the combination of HPI and CFT will terminate the fuel clad
heatup. Since the pump startup time is on the order of a few seconds, a slight increase in
the time that LP! flow becomes available will not change the results.. Therefore, no error
effects will be considered for the LPI setpoint for SBLOCA's.

d. Environmental Effects Prior to ES Actuation Following MSLB

HPI

For the overcooling events, namely the steam line break accident, the increase in the ES
setpoint will result in HPI being actuated earlier which has the potential for a slightly
increased cooling effect. In the analysis of record, Reference 66, HP| was initiated at 5.5
seconds (1587 psia with no ES actuation time delay). This results in approximately a 106-
psi/second decrease in RCS pressure prior to actuation. Considering the worst-case
instrument uncertainties, HPI could be actuated one second earlier. The makeup/HPI
system modification increases the hydraulic resistance of the HPI injection lines over the
current configuration. This effectively reduces the HPI flow delivery to the RCS for any
given pressure.

Based upon the above, a MSLB environment will not be considered in calculating the
instrument error for HPI.

LPI

The FSAR Chapter 14 analysis for the MSLB makes no mention of taking credit for the low-
low RCS pressure ES actuation; therefore, instrument loop accuracy will not be considered
for pre-ES actuation for this accident.

e. Environmental Effects Post-Accident (SBLOCA)
These effects are enveloped by the more severe temperature, pressure, and radioactive
environment of the LBLOCA and will therefore not be calculated separately.

f.  Environmental Effects Post-Accident (LBLOCA)
The steam pressure/temperature effect on accuracy published in the Rosemount literature
applies to the transmitter (rather than the normal environmental temperature effect) since it will
be exposed to the environment for the duration specified in the product specification.

To address IR effects on the cable, penetrations, seals, and splices, and to simplify the
calculation, instead of calculating the maximum temperatures these devices would reach
during the accident, IR values will be taken at a maximum temperature of 302°F. This is
conservative since due to the thermal lag of these devices, they will never reach the maximum
302°F RB temperature (Zone 66 environmental data from the ESQPM - Reference 18).

The radiation effect specified in the product specifications for the transmitter applies since the
transmitter will be exposed to a radioactive accident environment.
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g. Environmental Effects Post-Accident (MSLB)

The MSLB inside the RB is encompassed by the LBLOCA profile (Reference 18) and the
LBLOCA RB 302°F temperature will be used for the transmitters, cables, penetrations, seals
and splice.

The steam pressure/temperature effects published in the transmitter literature apply to the
transmitter since it will be exposed to the environment for the duration specified in the product
specification.

The cable and penetration temperatures for a MSLB occurring inside the Intermediate Building
(IB) would be greater than that of the cable and penetrations for a MSLB accident inside the
RB, producing a greater insulation resistance error. However, the steam pressure/temperature
error effect seen by the transmitters during a LBLOCA inside the RB, which would not apply to
the transmitters for the MSLB accident inside the IB, is a much larger contributor to instrument
loop error and would thus more than offset the difference in IR values. For that reason, the
LBLOCA accident inside the RB represents the worst-case error.

h. The above environmental conditions are summarized by the following table:

Normal Operating |[Normal Temperature |No Effect No Effect No Effect No Effect
Effect (109°F - 70°F)
LPI/HPI Normal Temperature |153°F 178°F 145°F No Effect
Actuation Effect (133°F - 70°F)
R.G.1.97 Accident Steam 302°F 302°F 302°F Accident
Press/Temp Effect Radiation
Effect

30 The Configuration Management Information System (CMIS) shows the EQ Zones and the VQP's
applicable to all of the components addressed in this calculation. The component cable IR values
are taken from these VQPs (References 29, 34 and 42). :

31 The methodology used in Appendix D of ISA-RP67.04 (Reference 38) is used to determine the
error due to degraded insulation resistance. Per Section 6.2.2 of the I&C Design Criteria For
instrument Loop Uncertainty Calculations (Reference 25): "IR uncertainties due to accident
environments are considered systematic.” This combined error term is therefore additive with the
other terms in the total loop error calculation.

32 The cable IR (R¢) is derived from the cable qualification test specimen IR (R), the specimen length
(LspL) and the total length of cable in the harsh environment (Lckr), in feet. Therefore, the following
formula is used:

Rev. 6/95

Ree = Re X Lgpi/lckr
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According to CMIS, the VQP which applies to the cables used in this application is CABL-C595-08
(Reference 42). Contained in Tab F1 of that reference is Anaconda (same as Continental Wire &
Cable Corp.) Report 79118. Appropriate IR values for the cable at the above maximum ES
actuation and post-accident monitoring temperatures (DI29.h) will be taken from this report.
According to Table Il of Tab F1, of the specimens tested, Specimens 49.6.1, 2, and 3 were aged at
the highest temperature/duration value and were aged radioactively at a gamma total integrated
dose (TID) closest to that of ESQPM Zone 66 - 2.9 x 10'R (DI6) versus 2.0 x 10'R. Previous
revisions of Calculation 1-89-0014 used data from Calculation [-88-0004 (Reference 28), which
determined an IR value based upon a specimen from this report which had not been aged. The
49.7 specimens were aged at a higher TID than the 49.6 specimens; however, these cables
exhibited unexpected behavior with respect to IR versus temperature. As the temperature was
lowered, the IR value for these specimens dropped. According to Table IV of the VQP, the 49.5
and 49.7 specimens (those aged the most radioactively) failed the high potential withstand test.
Both sets of specimens exhibited the same unexpected behavior with respect to IR versus
temperature. For these reasons, Specimens 49.6.1, 2, and 3 will be considered applicable for this
calculation.

Table Il gives conductor-to-ground IR values for the cable specimens. No conductor-to-conductor
values were given; therefore, according to Assumption 10, the conductor-to-conductor value is
assumed to be twice that of the conductor-to-ground value. One of the lowest IR values of the three
aged specimens prior to testing was 2.44 x 10" ohms (Q) per Table lll. According to this table, the
Pre-LOCA IR reading was taken while the test chamber was at 68°F, implying the cable
temperature was also 68°F. The lowest IR value of the three at the first LOCA plateau of 280°F
was 1.77 x 10°Q during chemical spray with an applied voltage of 500 Vdc. No test data is
available in the VQP for the maximum ES actuation temperature calculated above without chemical
spray and at a lower applied voltage. IR data was taken after devices were soaked at steady
elevated temperatures. Using this source alone, it cannot be determined whether or not a time lag
(not to be confused with the thermal lag) exists before IR begins to take effect, whether or not IR
would be significant in the absence of chemical spray, and whether or not the applied voltage is a
major contributor to the measured value.

Data from the SAND89-1755C report (Attachment 2 of Calculation 1-89-0004 - Reference 9) and
SAND90-2629 (Reference 70) does shed some light on these questions. The testing done in both
was conducted without chemical spray; the cables were exposed to saturated and superheated
steam. Data from both reports supports the premise that once the steam environment and cable
temperatures begin to increase, the cable IR begins to decrease with little or no time lag. The IR -
decrease rate is rather dramatic if the environment (and cable) temperature rate of increase is also
large. The SAND89-1755C report also concluded that IR is largely independent of voltage over the
range of 50-250 V for the cables that were tested (which included silicon rubber).

ISA RP67.04, Part Il (Reference 38) illustrates the relationship between temperature and insulation
conductivity (or the inverse of insulation resistance) as an exponential function. To estimate a cable
insulation resistance applicable to HPI/LPI actuation (Rc¢acr)) at a cable temperature of 170°F
(maximum between calculated HPI and LPI cable temperatures in DI29.h) this relationship will be
used rather than using linear interpolation (which would give a higher IR value). The relationship is

as follows:
C=COee®M
where:
C = Conductivity of the insulation or the inverse of the insulation

resistance (R)
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CO&B Constants
Temperature in °K (Absolute temperature will be expressed in

°R since the constants will be derived. °R = °F + 460°F )

Using the above data from the pre-LOCA and first plateau, the constants are solved as follows:
1/(2.44 x 10"'Q)) = CO o gt BB +460°F)]

1(1.77 x 1089) = CO o gHBI280°F + 460°F)]

Simplifying and taking the natural log of both sides of both equations yields the foliowing:
-26.22 =1In(CO) + (-B)(0.00189)
-18.99 =In(CO) + (-B)(0.00135)
Subtracting the second equation from the first and solving for B yields:
B =13,389
Substituting this value for B into the first equation and solving for CO yields:
-26.22 =In(CO) + (-13,389)(0.00189)
CO =0.4006
Substituting the above constants and the estimated 178°F cable temperature into the relationship yields the
following cable insulation conductivity (conductor-to-ground) for the HPI/LPI actuation cable temperature:

CC&g(ACT) = (0.4006) » e[-13,389/(178°F+460°F)]
= 3.08 x 10" mhos

Since RCog(ACT) = 1/C(ACT)

Reegac = 1/(3.08 x 107" mhos)
= 3.25 x 10°Q (20 ft sample per page 3-2 of Tab F1)

Using the cable lengths from DI28, the following cable IR values are found for the HPI/LPI actuation:

Reegiacn = 3.25 x 10°Q (20 t)/(130 ft)
= 5.00 x 10%Q for RC-3A-PT3

Reegacn = 3.25 x 10%Q2 (20 ft)/(65 ft)
= 1.00 x 10°Q for RC-3A-PT4

Reegacy = 3.25 x 10°Q (20 ft)/(150 ft)
= 4.33 x 10%Q for RC-3B-PT3
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The sample result agrees very closely with the IR measurements taken for the three 49.6 cable
specimens at 180°F (from Table IIl of the cable VQP) of 1.27 x 10°Q, 1.36 x 10°Q, and 3.8 x 10°Q.

Therefore, the calculated value will be used for the cable IR (conductor-to-ground) at the HPI and
LPI actuation points.

Per Assumption 10, the conductor-to-conductor value for the HPI/LPI actuation cable temperature is
therefore:

Reeeact) = 2(Reegacn)

For the above cables, conductor-to-conductor values are then:

RCQ_C(ACT) = 2(5 00 x 10 Q)
=1.00 x 1Q Q) for RC-3A-PT3

Reecacty = 2(1.00 x 1099)
= 2.00 x 10°Q for RC-3A-PT4

Reecacty = 2(4.33 x 1089)
= 8.66 x 10°Q for RC-3B-PT3

For the post-accident conditions, the lowest value of the 49.6 specimens will be used:
Reegron = 8.3 X 10°Q (20 ft sample per page 3-2 of Tab F1)

Using the cable lengths from DI29, the following cable IR values are found for the post-accident
condition:

Reogiien = 8.3 X 107Q (20 t)/(130 ft)
=1.28x 1Q Q for RC-3A-PT3

RCc—g(1 o7 = =8.3x 10 Q (20 ft)/(65 ft)
=2.55x 1Q Q for RC-3A-PT4

Reogon = 8.3 10’9 (20 ft)/(150 ft)
= 1,11 x10’Q for RC-3B-PT3

The post-accident conductor-to-conductor values are therefore (per Assumption 10):

Reeopon = 2(1.28 x 1079)
= 2,56 x 10°Q for RC-3A-PT3

Reecony =2(2.55 x 10 Q)
= 510 x 10’Q for RC-3A-PT4

Reoeron = 2(1.11 x 10°Q)
=2.22 x 10°Q for RC-3B-PT3
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This estimated post-accident IR values should be conservative (i.e. applying only for a short period)
since even for the worst case profile (LBLOCA), according to Zone 66 data from the ESQPM
(Reference 18), the RB temperature has dropped below 302°F 4 minutes after the accident began.

33 CMIS lists three VQP's for the splices. These were reviewed for applicability with the following results:

TERM-R098-02 is for motor connection kits.
TERM-R098-04 (Reference 55) is for standard bolted and butted in-line splice assembly kits.
TERM-R098-05 is for non-standard (improperly installed) splices with Raychem WCSF-N heat shrink

tubing.

Since all of the splices addressed by this calculation are in-line butt splices, VQP TERM-R098-02 does
not apply. The following walk down packages were reviewed to determine whether any anomalies were

for the splice configuration so a determination of which of the remaining VQP's apply.

RC-3A-PT3 Per WDP 0188 (Reference 31) VQP TERM-R098-04 applies.
MAR 90-06-10-02 relocated
transmitter above flood level. Work
Request NU 0287448 (Reference
61) re-spiced cable. Inspection
Plan accepted splices.
RC-3A-PT4 Per WDP 0184 (Reference 32) VQP TERM-R098-04 applies.
MAR 90-06-10-02 relocated
transmitter above flood level. Work
Request NU 0287448 (Reference
61) re-spliced cable. Inspection
Plan accepted splices.
RC-3B-PT3 Per WDP 0185 (Reference 33) VQP TERM-R098-04 applies.
MAR 90-06-10-02 relocated
splices. Per WDP, Work Request
NU 0296434 installed spices. QC
inspection accepted installation.
PEN-129 No anomalies per WDP 0817 VQP TERM-R098-04 applies since no
(MTBD-9A) (Reference 52). anomalies found.
PEN-130 Seal on braided cable per WDP VQP TERM-R098-04 applies since no
(MTBD-9B) 0254 (Reference 55). anomaly. Actual seal is on cable
insulation. Raychem holds braid in
place.
180° bend per WDP 0254 VQP TERM-R098-04 applies since
(Reference 55). specimen D9 (Tab B, 4.1) in-line butt
splice with bend radii of less than 5
times the diameter, recorded no
leakage (Tab F2, p. VII-10).
PEN-132 No walk down on inboard per WDP Assume same as 9B and 9A. VQP
(MTBD-9C) 0815 (Reference 54). TERM-R098-04 applies.
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Since either no anomalies were found or what anomalies were found had no impact on reducing the
IR of the splices at the transmitters and penetrations, the IR for all of the splices will be determined
by an evaluation of VQP TERM-R098-04 (Reference 55) for standard WCSF-N splice sleeves.

According to Tab F5 of the VQP, of the six specimens tested, two (Specimens 1-5 and 1-6) were
not thermally aged, and two (Specimens 1-1 and 1-2) suffered splitting of the cable insulation near
the splice sleeves. IR data from Table 1 of Tab F5 is incomplete for Specimen 1-3 at the lower

temperatures. Therefore, data for Specimen 1-4 will be used in this calculation. IR values from
Table 1 are considered to be conductor-to-ground.

Per DI29.h, the maximum splice temperature for HPI/LPI actuation is 139°F. According to Table 1
of Tab F5 of the VQP, the closest temperature to this temperature for which IR data exists is 210°F.
Instead of using this value, the same approach used in DI32 will be used to estimate an IR for the
lower temperature. From Table 1, Specimens 1-4 had an IR value at ambient temperature (assume
75°F) of 5 x 10"°Q. At the highest temperature (314°F), this specimen had an IR value of 1.8 x
10’Q. The following constants are determined for the splice material:

1/(50 X 10109) =COoe e[-B/(75°F + 460°F)]
1/(1 8x 1079) =CO e e[-B/(314°F+460°F)]
Simplifying and taking the natural log of both sides of both equations yields the following:
-2464 =In(CO) + (-B)(0.00187)
-16.71  =In(CO) + (-B)(0.00129)
Subtracting the second equation from the first and solving for B yields:
B=13,672
Substituting this value for B into the first equation and solving for CO yields:
-2464 =In(CO)+ (-13,672)(0.00187) |
co =2.5260

Substituting the above constants and the estimated 153°F splice temperature into the relationship
yields the following splice conductor-to-ground insulation conductivity:

(2 5260) . e['13.6721(1 53°F + 460°F)]

CSc—g(ACT) = S
=5.20x 10" mhos

Since RSc‘rg(ACT) = 1/CSc-g(ACT)

Rscgacr) = 1(5.20 x 107"° mhos)
=1.92 x 10°Q
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In comparison, the lowest IR value for Specimen 1-4 at 210°F from Table 1 of the VQP is 4.6 x
10%Q. Per Assumption 10, the conductor-to-conductor value for the HP!/LPI actuation splice
temperature is therefore:

Rsecacy = 2(Rsegiacty)
=2(1.92 x 10°Q)
=3.84 x 10°Q

Since according to Table 1 and Figure 4 of Tab F5 the IR measurement for the splices were taken
12 minutes after the initial temperature rise to 390°F, and since the splice has a thermal time
constant of 211 seconds (per DI29.b), the splice specimens would have exceeded the maximum
300°F temperature estimated for the post-accident conditions (DI129.h). Therefore, the IR value at
314°F from Table 1 for Specimen 1-4 will be conservatively used.

Rsegrony =1.8x1 0

Per Assumption 10, the conductor-to-conductor post-accident value for the splice is therefore:

Rsce(on = 2(RS<>g(1.97)7)
=2(1.8x 10'Q)
=3.6x10Q

Additional conservatism is included in the above IR values for the splices due to the fact that per
Tab F5 of the VQP, each test circuit consisted of three (3) test splices, each consisting of a single
layer of WCSF-N sleeving. In addition, per Page 10 of 11 of Tab D2, a higher concentration of
chemical spray was used than what is used at CR3 and for a longer duration. This calculation will
use the above calculated values for the two splices in the circuit (one at the penetration, the other at
the transmitter seal).

34 VQP INST-R369-03 (Reference 29) covers Rosemount Model 1154 transmitters. Tab F2, Section
I, page 1I-5 states that the transmitters used a Conax conduit seal during the qualification testing.
According to the walk down packages for RC-3A-PT3 (Reference 31), RC-3A-PT4 (Reference 32),
and RC-3B-PT3 (Reference 33), Rosemount 353C conduit seals are used on the transmitters.
Since VQP INST-R369-03 does not list the IR associated with the Conax conduit seal, and since a
Rosemount 353C conduit seal is actually used in the plant configuration, the IR values associated
with the Rosemount 3563C conduit seal will be included for conservatism.

VQP PEN-R369-01 (Reference 34) documents the testing of the Rosemount Model 353C conduit
seal. Calculation I-88-0003 (Reference 35) calculated an IR based upon the acceptance criteria
given in the test report, which was that the voltage measured across the 5000 in the test could not
shift by more than 40 mV. According to the calculation, the test setup used in the qualification test
measured total leakage (lead-to-lead and leads-to-case). It further added that since it is not
possible to determine how the leakage is divided, all measured leakage current was assumed to be
lead-to-lead leakage. The calculation then used the 40 volts between the seal leads to arrive at an
IR value of 5 x 10°Q. Rosemount (Jane Sandstrom) indicated that the acceptance criteria values
typically are very conservative.
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A less conservative approach is to use actual test data from the VQP (as has been done with the
other devices in the circuit) to arrive at the appropriate IR value. Two different design configurations
were tested. According to Tab 14, Page 2, the conduit seals supplied to CR3 were of the Design 2
configuration (i.e. leads covered with heat shrink tubing, epoxy stycast potting, and modified strain
relief). Per Tab F1, Appendix A, Page 17 & 18, the initial LOCA test was interrupted by steam
escaping from the chamber. Inspection of the test units revealed that the heat shrink tubing on the
lead wires of the units had been perforated during the test setup. A modification of the configuration
was made, and the units were re-tested. The results of the tests were a maximum shift of unit AO03
of 21 mV during the first test and 4 mV (Page 20) during the re-test. The other unit (A001) had
suffered degradation; therefore, the data for unit AO03 will be used in this calculation.

According to Tab F2, Sections 17.3.1 and 17.3.2 of the VQP, the acceptance criteria during the
LLOCA test for voltage shifts across the 500Q2 resistor and for IR measurements was 40 mV and 6 x
10°Q. According to Sections 17.2.4 and 10.1.2.4.2, this IR measurement was to be from lead-to-
case. Although the test procedure gave instructions for taking IR measurements while at elevated
temperatures during the test (Section 17.3.2 and 17.2.4), this apparently was not done until after the
chamber had cooled. (Tab F1, Appendix A, Table 7). Therefore, the only way to establish an IR
value for the LOCA temperatures is to evaluate the voltage shift measured during the LOCA test.

Using the approach of Calculation 1-88-0003 (Reference 35) and the 4 mV shift value from the test,
a leakage current of 0.004 V/500Q = 8 x 10°A is found. Tab F1, Appendix A, Page 6 indicates the
voltage potential between the leads was 40 V. Insulation resistance is then 40 V/8 x 10°A = 5 x
10°Q, which agrees closely with that determined above.

Since the data does not indicate when the maximum 4 mV shift occurred, it is reasonable to
assume that it occurred at the maximum seal temperature (due to the nature of IR). Since
according to Page 18 of Appendix A (Tab F1) the chamber temperature was held for 320°F for 8
hours, the seal temperature would have reached the same ambient temperature. Therefore, a less
conservative estimate for conductor-to-ground IR at 320°F for the seal would be 5 x 10°Q.

Despite the higher IR value estimated above, this calculation (to maintain consistency between

current IR calculations) will use the more conservative value of 5 x 10°Q for the post-accident
monitoring condition (assumed conductor-to-conductor in Calculation 1-88-0003).

RseaLec(1.97) =5x10°Q
Per Assumption 10, the post accident conductor-to-ground IR value is then:

RseaLeg(1.97) = (1/2)(RseaLcc(1.97))
= (12)(5 x 10°Q)
=25x10°Q

As stated in DI29.c, the conduit seal temperature at the time of HPI or LPI actuation is
conservatively considered to be that of the cable (170°F). No IR values were recorded at that
temperature during the LOCA test; however, IR values for unit AOO3 were taken following thermal
aging during a functional aging test when the seals were cycled between 40°F and 175°F and
between 50% and 95% relative humidity. According to Tab F2, Sections 10.2.2.6 and 10.1.2.4.2,
the IR measurements were to be from lead-to-case. On the 20th day of such cycling, the IR value
for unit AO03 taken at 175°F and 50% relative humidity (value was lower than that at 95% relative
humidity) was 2.8 x 10’Q per Tab F1, Appendix A, Table 3. Although this test was done prior to the
radiation aging, examination of data taken following the functional aging (Table 4) and following the
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radiation aging (Table 5) show negligible IR degradation caused by radiation. Therefore, a 2.8 x
10'Q conductor-to-ground IR value for the HPI/LPI actuation is reasonable.

RseaLegeacm) =28x10°Q

Per Assumption 10, the conductor-to-conductor IR value at the HPI/LPI seal actuation temperature
is then:

RseaLecacn = 2(RseaLegach)
=2(2.8x 10'Q)
=56x10'Q

35 Per CMIS, Penetrations 129 (MTBD-9A), 130 (MTBD-9B), and 132 (MTBD-9C) are all covered
under VQP PEN-C515-04 (Reference 36). Tab D1, note 3 of the VQP states that the test profile
envelops the plant worst case LOCA/MSLB composite profile except for 60 seconds at the
beginning of the test, and notes that the thermal stresses imposed by the test are considered more
severe than the short 15°F temperature spike in the plant. Note 1 states that the test of Tab F1 is
applicable to the CR-3 installed equipment. Note 9 states that the feedthroughs utilize #14 AWG
conductors.

Per DI29.h, the penetration temperature at HPI/LPI actuation is conservatively estimated to be
133°F. According to Tab F1, Data Sheet L of the VQP, no leakage current was detected until 6
hours had elapsed in the environmental test (which reached temperatures in excess of 370°F).
From this it is concluded that the 200 seconds to the HPI actuation point will present no detectable
change in IR over the thermally and radiation aged reading. According to Page 10 (Section 6.12.4)
of Tab F1, the lowest measurement of aged and irradiated penetration feedthroughs was 2.1 x
10°Q. It was not indicated whether this represented a conductor-to-ground or a conductor-to-
conductor measurement; therefore, the conservative approach is to consider it conductor-to-
conductor. Therefore:

RpENc-c(acT) =2.1x10°Q

Per Assumption 10, the conductor-to-ground IR value at the HPI/LPI actuation temperature for the
penetration is then:

Rpenc-giacn = (172)(Rpencoacn)
= (1/2)(2.1 x 10°Q)
= 1,05 x 10°Q

Per DI29.h, the penetration temperature to be used for post-accident monitoring is 302°F.
According to Tab F1, Pages 25 and 26, IR measurements were taken during the design basis event
environment test, and these results were recorded on Data Sheet P (Appendix A). Pages 1,2, & 3
of Data Sheet P (Tab F1, Appendix A) provide the IR measurements for the #14 AWG penetration
feedthroughs. The data on these data sheets implies the data was taken on 7/18/80. According to
Data Sheet K (Sheet 13 of 32, Tab F1, Appendix A), the chamber temperature on that date was in
excess of 314°F. This is confirmed by Data Sheet K (Sheet 3 of 32) which implies the test began
on 7/14/80 and Figure 6.20.7 of Tab F1 which provides the temperature/pressure test profile. It can
therefore be concluded that the data from Data Sheet P was taken when the penetration
feedthroughs temperature was in excess of 302°F. The lowest IR value from those data sheets
were ;
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Reencgi1.o7) = 2 X 107%
RPENc—c(1.97) =3.0x10'Q

Leakage current was also measured throughout the test. These measurements are documented
on Data Sheet L of Appendix A. The maximum leakage current for the #14 AWG conductors was
0.12 mA at 536 VAC; therefore, the IR at that point was (536 V/0.12 mA) = 4.47 x 10°Q. For
conservatism, this calculation will use the lower IR value and will also conservatively assume it
represents a conductor-to-conductor value.

RPENc—c(1.97) =447 x 1 ¥

Per Assumption 10:

Reenega.on = (1/2)(4.47 x 10°Q)
=2.24 x10°Q

36 Two types of “As-Left” tolerances will be developed in this calculation:

a) AL gopy Will be the SRSS of the Reference Accuracies of loop components located inside a
“Harsh Environment”.

b) AL oor-out Will be the SRSS of the Reference Accuracies of loop components located outside a
“Harsh Environment”

Since "As-Left" tolerances are only used to determine drift between calibrations, only
Normal operating condition parameters affect the determination of the tolerances.

37 In accordance with the I&C Design Criteria (Reference 25) Instrument loop errors that are
associated with the HPI and LPI trip and alarm function are being calculated using the Category “A”
graded approach. The “Calibrated” Loop Error will be determined from the SRSS of the random
portion of the “Calculated” Loop Error and the “As-Found” tolerances for the Loop. The “Calibrated”
Loop Error is the maximum error that operations could expect between calibrations of the loop.

TERMS USED IN THE PARTIAL SPLIT LOOP “A” GRADED APPROACH

CE, oop: ToTaL = Calibrated Loop Error - The overall instrument channel error, which is used to
determine setpoints and action values from the design limit/analytical limit.

CELoop:In = Calibrated Split Loop Random Error for the instrumentation inside containment,.
intermediate building, or wherever a harsh environment exists during normal
plant operation, precluding on-line calibration.

CELoop-outr = Calibrated Partial Loop Random Error for the combined partial loops in an
instrument channel outside of a harsh environment, which can be calibrated on
line.

Eloopin = Calculated Split Loop In Error —~ Error of instrument split loop located in a harsh

environment that does not take into account calibration, drift, process errors and
known biases.

= * [(Ecowpn)” + (Ecompzn)” * .. (Ecomenin)’T*
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EcomppL = Component Error - The SRSS of the errors associated with an individual
component in a partial loop (i.e.: Reference Accuracy, Temperature Effect, etc.),
with the exception of Drift.

_ 2 2 2%
EpLgs = * [(Ecompipras)” + (EcompaeLas)” + ... (EcompnpL-s)”
Egs = t Ecompas

MTE oop:n = M&TE (Maintenance & Test Equipment) error - The errors due to the M&TE used
in the calibration of equipment located in a harsh environment.

MTEp_ = M&TE (Maintenance & Test Equipment) error - The errors due to the MA&TE used
in the calibration of a partial loop.

SBLoop:in = Stability/Drift - The error due to the stability/drift of the components in a harsh
environment, which cannot be calibrated on-fine.

SBp_ = Stability/Drift - The error due to the stability/drift of the components in
the partial loop which can be calibrated on-line.

AL oop:in = As-Left Tolerance or Calibration Tolerance - The tolerance to which a split loop in a
harsh environment is left after calibration. This term is determined from the
Reference Accuracy of the components.

= + [(COMP1-Eger)’ + (COMP2-Eggr)? + ... (COMPN-Eger)?)*

Alp = As-Left Tolerance or Calibration Tolerance - The tolerance to which a partial loop is
left after calibration. This term is determined from the Reference Accuracy of the
components.

AlpLgs= + [(COMP1-EggrpLs)’ + (COMP2-Eggrpigs)+ (COMPN-Eggrpys)°]*

Algs = + COMP-ERgres

AF oop:in = As-Found Split Loop:In Tolerance - The tolerances in which a split loop in a harsh

environment can be after a period of operation, prior to calibration. These terms
includes the errors due to M&TE and Drift/Stability.

= * {ALLoor:n *+ [(MTELOOP:IN)Z + (SBLOOP:IN)Z]%}

AFp = The tolerances in which a partial loop can be after a period of operation, prior to
calibration. These terms includes the errors due to M&TE and Drift/Stability.

AFp s = +{ALpLgs + [(MTEpLgs)” + (SBpL.as) T}

AFgs = +{ALgs + [(MTEgs)” + (SBas)’I"}

Egiasinvout = Bias Errors - Known biases that affect the operation of an instrument

loop, such as static pressure shifts, IR effects, etc.
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EBIAS:OUT = + EBIAS:PL-BS * EBIAS:BS
Eprocessin= Process Errors - The error that resuits from the range of process operation limits,
based on the scaling of the sensing instruments. This error includes either normal
or accident conditions.
Enpe = Normal Process Errors - The error that results from the range of Normal process

operation limits, based on the scaling of the sensing instruments.
Eape = Accident Process Errors - The error that results from the range of Accident process
operation limits, based on the scaling of the sensing instruments. (Difference
between Enpe extremes and accident extremes).

Nominal Value = A value determined to require no error correction.

Category A (Split-Loop)

1) CEroopin=  * [(ELoorn)’ + (AFLooran)’]”
2) CEioopour= * [(Epvss)’ + (AFpLas)’ + (Egs)’ + (AFBS)Z]“z
3) CEiooptoraL = * [(CELoorin)? *+ (CELoor.out)’]™ * Eprocessin * Esnsin * Esiasour

Instrument loop errors that are associated with the T'SAT, RECALL/SPDS, Recorders and
Indicators are being calculated using the Category “B" graded approach. The formula that will be
used for the calibrated loop errors is as follows:

TERMS USED IN THE PARTIAL SPLIT LOOP “B” GRADED APPROACH

CE\oop: ToTaL = Calibrated Loop Error - The overall instrument channel error, which is used to
determine setpoints and action values from the design limit/analytical limit.

CELoop:In = Calibrated Split Loop Random Error for the instrumentation inside containment,
intermediate building, or wherever a harsh environment exists during normal plant
operation, precluding on-line calibration.

CE_copour=  Calibrated Split Loop Random Error for the instrumentation outside of a harsh
environment, which can be calibrated on-line.

Ecomr = Component Error - The SRSS of the errors associated with an individual
component (i.e.. Reference Accuracy, Temperature Effect, etc.), with  the
exception of Drift.

Eoornmour = Calculated Split Loop Errors - The instrument split loop errors not taking into
account calibration, drift, process errors and known biases.

2 2 21%
= * [(Ecomp1spuim)” + (Ecompaspur)” + ... (Ecomenseur)]”
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MTELoop nour= M&TE (Maintenance & Test Equipment) error - The errors due to the M&TE used
in the calibration of the split loop.

SBLoornour=  Stability/Drift - The error due to the stability/drift of the components in the split loop.

AL oorivoutr = As-Left Tolerance or Calibration Tolerance - The tolerance to which a split loop is
left after calibration. This term is determined from the Reference Accuracy of the
components.

= + [(COMP1-Eggr)® + (COMP2-Eggr)? + ... (COMPN-Eger)3”
AF oopmvoutr = As-Found Split Loop Tolerances - The tolerances in which a split loop can be after
a period of operation, prior to calibration. These terms includes the errors due to

M&TE and Dirift/Stability.

= + {ALspumioop *+ [(MTEspurioor)” + (SBspumoor) 17}

Egiasinout= Bias Errors - Known biases that affect the operation of an instrument loop,
such as static pressure shifts, IR effects, etc.

Errocessin= Process Errors - The error that results from the range of process operation limits,
based on the scaling of the sensing instruments. This error includes either normal
or accident conditions.

Enee = Normal Process Errors - The error that results from the range of Normal process

operation limits, based on the scaling of the sensing instruments.

Eape = Accident Process Errors - The error that results from the range of Accident
process operation limits, based on the scaling of the sensing instruments.
(Difference between Eype extremes and accident extremes).

Nominal Value = A value determined to require no error correction.

Category B (Split Loop)

This is the second category in the “Graded Approach”. The methodology for this category will be the same
as for Category A instrument strings, except that the Normal Process Errors will be combined via the SRSS
method with the other random loop errors. In addition, 2/3 of the M&TE error will be used.

This method still ensures appropriate actuator actions are taken. Nevertheless it does not compromise the
ability to use the instrumentation by more accurately reflecting actual uncertainty.

CAUTION: CE ;o0r.n and CE | oop.out €an have different equations (Equations 1,2, or 3) depending

on which condition (Condition 1, 2, or 3) is met by each part of the split loop. For example, CE
Loor:n could require Equation 1 and CE | oop.our could require Equation 3.
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Condition #1:
The following criteria are to be applied separately to CE oopyy and CE oop:out:

If ALspimLoop is greater than the SRSS of the Reference Accuracy of the components in the split loop and
AFspuimLoop is greater than (ALspyimioor *+ [(2/3 MTEspumioor) + (SBspumioor) 1™ ),

then the formulas to use are:

Equation #1

1) CEioorin = £ [(ELoop:n) "'2(!/5 P!‘EI%N)Z + (AL oopi + [(2/3 MTE oopin)?
+ (SBroor:n) 7))

Caution: If the CE_oop.y is less than the AF oop.ay, then
CELoor:n = * AFLoop:n
Note: Also, see Attachment 1, General Information Number 10.
2) CEoop.our = * [(ELoorour)’ + (AlLLoorout + [(2/3 MTELoop.our)’ + (SBroor.our) 1)1
Cautioh: If the CE_oop.out is less than the AF _oop.out, then

CELoor.outr = * AFLoop.out
3) CELooptoraL = £ [(CELoopin)” + (CELoorout)’l” % Esasin  Eapein £ Esias:our

Condition #2
The following criteria are to be applied separately to CE_gopn @nd CE oop-out:

If the ALspiirLoop is greater than the SRSS of the Reference Accuracy of the components in the split loop
and

AFspurLoop is less than (ALspurioop + [(2/3 MTEseumioor)” + (SBseumiooe) 1),
then the formulas to apply are:

Equation #2
1) CELoopin = % [(ELOOP:lN)2 + (ENPE:IN)Z + (AFLoop:n )2]1/2
2) CELoop-our= # [(ELOOP:OUT)2 + (AFoop:our )2]1/2

3) CELoopotaL =t [(CELoorin)® + (CELoorour)’]” £ Eamsin + Eape:in & Esasiour

Condition #3:
The following criteria are to be applied separately to CE_oopy and CE, oop-our:
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If the ALspLimLooe is less than or equal to the SRSS of the Reference Accuracy of the components in the split
loop, then the formulas to use are:

Equation #3

1) CELoor:n = # [(ELoor:n)” + (Enpean)” + (2/3 MTELoopi)” + (SBroorn)1™
Caution: If the CE, oop.nis less than the AF_gop.n, then
CE oop:n =+ AF oop:n

Note: Also, see Attachment 1, General Information Number 10.

2) CELoorour= 2 [(ELoorour)’ + (2/3 MTE oopour) + (SBLoorour) 1

Caution: If the CE; qop.our is less than the AF oop.out, then

CEioop:our = * AFoor.0ut

Note: Also, see Attachment 1, General Information Number 10.

3) CELooptorac = * [(CELoopn) + (CELoor:our)]” + Esasin £ Eape:n + Egins:out

38 Surveillance Procedure SP-132 (Reference 37) describes the calibration equipment to be used
during the calibration of RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 loop components. The
procedure presently states that Keithley Model 2001 and Model 197A, a transmation, and Druck
DPI-510 are to be used (or their equivalent). Voltage measurements on Bailey 880 modules (Buffer
Amplifiers and Bistables) require a voltmeter with an input impedance of at least 100 MQ (per
Instruction Manual 206 - References 43 and 44). A Keithley 2001 satisfies this requirement.

The following MTE values combine the reference accuracy, calibration tolerance, and temperature
effect terms in a SRSS fashion which is allowed by ISA-RP67.04, Part ll, Section 6.2.6.1
(Reference 38).

Per Calculation 1-95-0005 (Reference 68), the following M&TE values apply to the 0 - 3000 psig
input range/4 - 20 mA output range Druck DPI-510 Pressure Controller/Calibrator when used on the
95' elevation of the RB: '

MTEpp = + 0.115% reading Calculation 1-95-0005 (DPI-510sp,)
MTEp, =1 0.165% span (4 - 20 mA output span) Calculation 1-95-0005 (DPI-510545)

Note: Per calculation 1-95-0005 (Reference 68), the Keithly 2001 has M&TE errors less than the
ones stated for the Druck above and may be subsituted for the Druck to measure current on
the 20 mAdc range.

Since the maximum calibration pressure is 2527.8 psig and the calibrated span of the transmitters is
only 2,500 psig, the M&TE for the Druck will be conservatively corrected for this difference:

MTEpp 0.115% span (2527.8 psig/2500 psig)
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Per Calculation 1-95-0005 (Reference 68), the following M&TE value applies to the Keithley 197A
Digital Multimeter when used at the 145' elevation of the Control Complex for a 4-20 mA span:

MTE =10.190% span

Note: Per Calculation 1-95-0005 (Reference 68), the Keithly 197 and 2001 have M&TE errors equal
to or less than the Keithley 197A above and can be subsituted for the Keithley 197A to
measure current on the 20 mAdc range.

Per Calculation 1-95-0005 (Reference 68), the following M&TE value applies to the Keithly 2001
when used at the 145' elevation of the Control Complex for a 0-10 V span:

MTEry  =+0.005% span

39 Per Calculation 194-0012 (Reference 76), the error associated with RECALL/SPDS is Egrecaiin =
+0.220% of Full Scale Range (20 Vdc or 4096 counts) for 60 to 80 °F and EgreacLia= +0.317% of
Full Scale Range (20 Vdc or 4096 counts) for accident temperatures of 70 to 104°F.

40 The NRC has accepted instrument error calculations based upon a 2 sigma confidence level via
R.G. 1.105 (Reference 39). Per the 1&C Design Criteria (Reference 25), published instrument
errors are usually expressed at a confidence level of 3 sigma, unless otherwise indicated. That
philosophy should be valid for error terms which pertain to equipment operated in a controlled
environment. However, for equipment which must survive the environmental effects of an accident
(LOCA, HELB), that philosophy cannot be adhered to. The reason for such is that special
environmental testing to quantify the temperature, pressure, and radiation effects due to accident
conditions are usually done on too small a sample to represent a 3 sigma value. Therefore,
environmental error terms shall be considered as 2 sigma values unless otherwise indicated. This
calculation does not convert any 3 sigma non-environmental error terms (i.e. reference accuracy,
drift, etc.) into 2 sigma terms when it combines the non-environmental with the environmental terms.
This approach adds conservatism to the end result.

41 The following method will be used to determine the overall error for component(s) and/or loop(s)
that have Positive (+) and/or Negative (-) Biases:

a. Positive Biases will be added to the SRSS of the Positive random errors, while
ignoring Negative Biases.

b. Negative Biases will be added to the SRSS of the Negative random errors, while
ignoring Positive Biases.

For example, although the errors due to sensing line density changes and cable insulation
resistance are both due to elevated temperatures created by the accident and could be assumed to
be present at the same time, for conservatism, they will not be allowed to compensate for one
another or for the random error terms.

42 The effect of a decreased insulation resistance (increased leakage current) on the ES RC pressure
signals which are grounded loops (on the negative side of the power supply via the Buffer
Amplifiers) can be to deliver either a higher or lower pressure signal to the ES and indication than is
actually present. The direction depends upon the relative degradation in the insulation resistance of
the two conductors within the cable. Should the negative lead (transmitter output to the Buffer
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Amplifier) experience a much higher degradation (lower IR) than the positive lead from the power
supply (i.e. conductor-to-ground resistance on the negative lead is much lower than conductor-to-
conductor), more current will bypass the Buffer Amplifier circuit (assuming the shield-to-drain-to-
ground is intact) than can be made up by conductor-to-conductor leakage. The net effect is a lower
pressure value is sent to the ES and indication than is actually present. In this scenario, HPI/LPI
will actuate at a higher pressure than required, which is a failure in the conservative direction for the
ES which actuates on a decreasing pressure signal. This scenario will be called Case 1.

Should the leads exhibit a much lower conductor-to-conductor IR than the negative lead’s
conductor-to-ground value (i.e. no ground available on the negative lead), the effect will be more
leakage conductor-to-conductor than can be drained to ground, resulting in a higher pressure signal
sent to the ES and indication than is actually present. This failure is in the non-conservative
direction, since HPI/LPI will actuate at a lower pressure than required. This scenario will be called
Case 2.

Conductor-to-ground leakage on the positive lead has no effect on the transmitter signal to ES since
the power supply simply makes up for the leakage. This scenario will be called Case 3. Not
knowing how the conductor insulation will degrade during an accident, all three conditions will be
analyzed so as to bound the error.
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43 Surveillance Procedure SP-132 (Reference 37) has the following “As-Left" and "As-Found”
tolerances:

Pressure

Transmitters +0.04 mAdc +0.115 mAdc
Trip Bistable Input

(1500# & 500#) +0.027 Vdc +0.102 Vdc
Trip Bistable

Actuation +0.010 Vdc +0.027 Vdc
(1500# & 500#)

Signal Monitors

Input +0.063 Vdc +0.138 Vdc
Bypass Bistable

Actuation (1700# +0.010 Vdc +0.027 Vdc
& 900# Trip)

Bypass Bistable

Actuation (1700#

& 900# Automatic +0.010 vdc +0.027 Vdc
Reset)

Plant Computer 1 20 psig + 25 psig
||\3/Il:aftfeerr Amplifier * 75 psig * 75 psig
RECALL + 20 psig * 25 psig
Pressure Recorder + 25 psig + 50 psig
T'Sat Meter + 20 psig + 50 psig
RIP Indicator * 50 psig + 50 psig
Signal Monitor +0.025 Vdc +0.027 Vdc
(On)

Signal Monitor

(Off) +0.025 Vdc +0.027 Vdc

44 This calculation addresses the time response of the HPI and LPI actuation instrument strings.
According to Calculation 1-83-0001 (Reference 45), the required time response of the components
is dependent upon the relative values of the time constant, 1, of the component and the time for the
process to change, T (also the signal change). For step changes to the process (t ~ T), five time
constants (to 99% of output) are required. For ramp inputs (T >> 1), only one time constant is
required. The following response times (RT) are given for the Bailey Buffer Amplifier and Bistable
from DI15 and DI16:

RTga=1sec
RTgr =100 ms
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According to Section 6.2 of Calculation 1-83-0001 (Reference 45), the response times given for the
Bailey modules are for the time required for the output of the module to change by 99% in response
to a step change of the input. Since the values are based upon a step change of the input signal,
they represent the worst case.

The response time given for the Rosemount transmitter in DI7 is for one time constant. According
to Calculation 1-83-0001 (Reference 45), the process times for the various accidents must be
evaluated to justify using one time constant. For accidents which produce slow process changes (T
>> 1), one time constant is acceptable. For accidents which result in more rapid process changes
where T and 1 are nearly equal, the effect of a longer time delay must be analyzed.

Referring to DI29, the accidents under consideration regarding the issue of time response are the
SBLOCA and the LBLOCA. The time to ES actuation for these accidents are 200 seconds and
18.5 seconds, both of which are much larger than the 0.2 second time constant for the transmitter.
Based upon this comparison, the use of one time constant for the Rosemount transmitters is
acceptable (RTpr = 0.2 sec).

45 The current ITS required ES Low Pressure Bypass Reset Value is < 1700 psig per ITS bases B 3.3.5.
This is reflected in ITS Table 3.3.5-1 “Applicable Modes and Other Specified Conditions” for the Reactor
Coolant System Pressure — Low parameter. The HPI MAR (References 85 and 86) will increase the ITS
required Bypass Reset Value from <1700 psig to < 1800 paig. The existing ES Low Pressure Bypass
Reset setpoint is 1695 psig which provides a 5 psi offset from the existing required reset value. This
ensures the ES low RCS pressure trip is not bypassed during the specified conditions of ITS Table 3.3.5-
1. The new ES Low Pressure Bypass Reset setpoint will also be offset from the nominal value by 5 psig
therefore, the post MAR Bypass Reset setpoint will be 1795 psig. The ES Low RC Pressure Bypass
bistables have an adjustable deadband which is set at 25 psig. This results in a post MAR setpoint of
1770 psig for the ES Low RC Pressure Bypass Permit function. The bistables affected by this change are
RC-003-BT4, RC-003-BT5 and RC-003-BTS6.

See FTI 86-5001942-02 and FPC F98-0008 for the above setpoint values (References 84 and 78)

The 1800# (revised from 1700#) and 900# setpoints for the HPI and LPI Bypass bistables are nominal
values and therefore, do not need to be error corrected. According to Table 3.3.5-1 of the ITS (Reference
67), the setpoints for these bistables are considered as "Applicable Modes or Other Specified Conditions"
and not as "Allowable Values". Exceeding these values (though not advised) is not considered a violation of
the Technical Specifications. Administrative controls are in place to provide assurance against exceeding
these values (Reference 30).

The LPI and HPI setpoints for the Bypass Bistables are as follows:

1800# HPI Bypass Permit = 1770 psig (References 85 & 86)
1800# HPI Bypass Reset = 1795 psig (References 85 & 86)
900# LPI Bypass Permit = 850 psig (Reference 37)
900# LPI Bypass Reset = 875 psig (Reference 37)

46 Section 3.5.1 of the ITS (Reference 63) requires that there be two core flood tanks (CFT’s) operable
in Mode 3 when reactor coolant (RCS) pressure > 750 psig. One of the signal monitors included in
this calculation provides an alarm whenever RCS pressure is > 750 psig and the CF isolation valves
are not open (i.e. CFT's not operable). This alarm is considered an operator aid during normal

heatup and cooldown; therefore, the 750 psig value is treated as a nominal value. The inplant
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setpoint will be established by backing off the nominal value given in ITS by the “As-Found” value
for the loop to help ensure the CFT's are operable above 750 psig RCS pressure.

No ITS requirement exists for the alarm which alerts the operator whenever RCS pressure is below
638.3 psig and the CF isolation valves are not closed (so as to prevent an inadvertent actuation).
This alarm is also considered as an operator aid; therefore, the 638.3 psig value is treated as a
nominal value. According to Section B 3.5.1 of the ITS (Reference 63), below 750 psig the
blowdown rate is such that the LOW pressure safety injection pumps can provide adequate
injection to ensure peak clad temperature remains below the required limit. The low pressure
setpoint is established in the same manner as the high pressure by backing off the maximum
nitrogen blanket pressure given in Section 3.5.1 of the ITS (Reference 63) of 653 psia (638.3 psig)
by the “As-Found” value for the loop.

The HPI Not Bypassed and Not Reset Alarms are actuated by signal monitor RC-3A-PS6. The RC-
3A-PS6 setpoint is presently 1640 psig per SP-132 (Reference 37). The HP1 MAR (Reference 86)
will maintain the same pressure differential as presently maintained between the Bypass/Reset
functions and alarm setpoints. The HPI MAR (Reference 86) will set the ES HPI Not
Bypassed/Not Reset setpoint to 1740 psig.

The ES Low Low RC Pressure Alarm setpoint is actuated by signal monitor RC-3A-PY4. The RC-
3A-PY4 setpoint is presently 1550 psig per SP-132 (Reference 37). The HPI MAR (Reference 86)
will maintain the same pressure differential as presently maintained between the trip and alarm
setpoint. HPI MAR (Reference 86) increase the ES Low RC Pressure Alarm setpoint by 125 psi to
1675 psig.

The remainder of the signal monitor alarm setpoints will remain as specified in SP-132 (Reference
37) or Sections 8 and 9 of this calculation. Therefore, the signal monitor alarm setpoints are as

follows:

RC-3A-PS6 “HPI Not Bypassed” 1740 psig (Reference 86)
RC-3A-PS6 “HPI Not Reset” 1740 psig (Reference 86)
RC-3A-PY4 “RC Low Pressure” 1675 psig (Reference 86)
RC-3A-PS5 “LPI Not Bypassed” 750 psig (Reference 37)
RC-3A-PS5 “LPI Not Reset’ 750 psig (Reference 37)
RC-3A-PS3 “CFT Isolation Valve Not Closed” 690 psig (Section 8)
RC-3A-PS3 “CFT Isolation Valve Not Open” 702.5 psig (Section 8)
RC-3A-PS4 “LTOP Event in Progress” 392.6 psig (Section 9)

RC-3A-PS7 “DH Isolation Valve to PZR Spray Open” 200 psig (Reference 37)
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IV. ASSUMPTIONS (A):

1. The modules and indicators located in Control Complex EQ Zones 13 and 58 will be calibrated at
a temperature between 70° and 80°F, based on the Normal Temperature range stated in Design
Inputs(DI) 8, and on the M&TE accuracy selected in DI39.

The modules and indicators located in EQ Zones 13 and 58 will be operated over a normal
temperature range of 60° to 80°F. This range is based on the maximum Normal Temperature
stated in DI 8 and an assumed minimum temperature. The maximum temperature is maintained
at the DI 8 stated value of 80°F since the Control Complex Heat Load Evaluation calculation M-
97-0020 (reference 77) assumes this to be the maximum initial temperature for evaluation. The
minimum temperature is assumed to be 60°F, since this bounds the minimum Normal
Temperature stated in DI 8 and also allows for continued analyzed plant operations during HVAC
equipment problems when the temperature may decrease below the minimum value stated in
DI8.

The modules and indicators located in EQ Zones 13 and 58 will be operated over an accident
temperature range of 60° to 104°F. This range is based on the minimum assumed temperature
discussed in the paragraph above. The maximum temperature is assumed to be 104°F, since
this bounds the maximum Accident Temperature stated in DI8 and also allows for continued
analyzed plant operations up to the vendor stated limit for the lowest maximum temperature rated
component in the loop. The Foxboro components are limited to 104°F per Product Specification
PSS 9-7A1A page 4 located in Instruction Manual 586 (reference 58), which states a 104°F
ambient limit for racks fully loaded with one power supply and no fans, the configuration which
exists in the RCITS Cabinets.

Considering the above paragraphs, the module and indicator temperature effects will be
calculated for the maximum change in temperature of the component from the temperature at
which it was calibrated to the temperature at which it will be operated. For normal conditions, the
component will be assumed to be calibrated at 80°F and operated at 60°F for a 20°F change (80-
60) and for accident conditions, the component will be assumed to be calibrated at 70°F and
operated at 104°F for a 34°F change (104-70).

2. The lower limit of EQ Zone 66 is 70°F and the upper limit is 109°F, the transmitters are
conservatively assumed to be calibrated at 70°F. Therefore a maximum 39°F change occurs
between calibration temperature and Normal operating conditions.

3. Split loop calibration is broken down into an “IN” portion of the loop and “OUT"” portion of the loop.
The IN part of the calibration refers to the calibration of the portion of the loop that is in containment
or a harsh environment and the OUT part of the calibration refers to the calibration of the remaining
portion of the loop. The OUT portion of the loop will be calibrated by inputting a signal at 4, 8, 12, 16
and 20 mA. The tolerance for these values is assumed to be +0.004 mA which is an order of
magnitude smaller than the As-Left IN tolerance of +0.04 mA. This small tolerance of +0.025% of
span is considered to be negligible and will not be included in this calculation.

4. It is assumed that each Buffer Amplifier is calibrated with its 630Q resistor (across its input).

~ 5. The position taken by the 1&C Design Criteria (Reference 25) typically considers input and output
test equipment used during the calibration of a device as independent, thus combining the
corresponding error terms by the SRSS method. This calculation assumes the input and output test

equipment are independent.
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6. The test equipment referenced under DI38 will be used in the future to calibrate the RC-3A-PT3,
RC-3A-PT4, and RC-3B-PT3 loops.

a. Obtaining “As-Found” and “As-Left" values on each transmitter is accomplished using the Druck
DPI-510. Although the Druck is essentially one piece of MTE measuring both the input and the
output, it is assumed these measurements would be independent of one another. Therefore, per
Assumption 5, the accuracies are combined by SRSS. The M&TE error for the pressure
transmitter is:

MTE ooppran = % [(MTEDPQZ + (MTEDI)ZI/Z

= £[(0.116)* + (0.165)

= £.0.202% span

b. “As-Found” and “As-Left’ values for the Bistable (TRIP and BYPASS) and Signal Monitor inputs

are found by using a transmation and a Keithley 197A (4-20 ma range) to supply and measure a

simulated transmitter signal (4-20 ma corresponding to the “As-Found” and “As-Left” current

output of the transmitter) to the input of the Buffer Amplifier's resistor network and by using a

Keithley 2001 (0-10 V range) to measure the input voltage to the TRIP Bistable at its input jack

and to the signal monitor at its input jack

MTErsar = MTEga = MTEsya = MTEpp.outt =  [(MTEx)? + (MTEry)*]"
= +[(0.190)* + (0.005)%]"*
=% 0.19% span

¢. “As-Found” and “As-Left” actuation values (and reset values as applicable) for the Bistables
(TRIP and BYPASS) and Signal Monitors are found by using a transmation to supply a current
signal to the input of the Buffer Amplifier's resistor network and by using a Keithley 2001(0-10 V
range) to measure the voltage (at the TRIP Bistable input jack) at which each of the Bistables and
Signal Monitors actuates (or resets, as applicable). Therefore, the M&TE error for the Bistables
and Signal Monitors is:

MTEgr = MTEpL.0ut2 =+MTEpry
=+ 0.005% span

d. “As-Found’ and “As-Left” values for each indicating device (Pressure Indicator, Buffer Ampilifier -
Meter, Recorder, Plant Computer Point, RECALL Point, Reactor Patch Panel Point, and T'SAT
Meter) are found by monitoring these devices while using a transmation and a Keithley 197A (4-
20 mA range) to supply and measure a simulated transmitter signal (4-20 mA corresponding to
the “As-Found” and “As-Left” current output of the transmitter) to the input of the Buffer
Amplifier's resistor network.

+ MTEy
+0.190
£ 0.1909% an

MTE oop.out

- 7. For components where a drift term is not specified, it is assumed that any drift present is bounded
by the Reference Accuracy of the device.

- 8. The Control Complex is considered a Controlled Environment; therefore, no significant changes in
humidity will be considered.
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9. Per Section 6.3.1 of I&C Design Criteria (Reference 25);

“Accuracy as identified in a vendor specification is usually assumed to be Reference Accuracy.
Reference Accuracy is a number or quantity which defines the limit that uncertainties will not exceed
under reference operating conditions. Reference operating conditions are the range of operating
conditions under which operating influences are negligible.

Reference Accuracy includes the combined effects of conformity (linearity), hysteresis, and
repeatability. It should be noted that linearity is a particular definition of conformity. Reference
Accuracy is determined from the deviation values of a number of tests; therefore, it represents a
statistical compounding of the random elements of conformity, hysteresis, and repeatability.
Reference Accuracy is measured as inaccuracy but expressed as accuracy.”

In addition, the current philosophy is to endorse ANSI/ISA-S51.1-1979 (Reference 7) which
includes dead band in the reference accuracy when applicable. Where conformity (linearity),
hysteresis, dead band, and repeatability values are less than the specified accuracy, the above
statement is to be considered true. For conservatism, where conformity (linearity), hysteresis, dead
band, and/or repeatability values are equal to or greater than the specified accuracy, then the
value(s) will be combined via the SRSS method with the specified accuracy term to determine the
Reference Accuracy value.

10. Assume conductor-to-conductor IR for cable, splices, seals, and penetration feedthroughs is twice
that of conductor-to-ground IR if one of the values are not given in test data. This assumption is
made since conductor-to-conductor involves twice the insulation thickness of the cable, splice, etc.

11. To allow consistent usage of Bailey 880 module accuracy and time response data, it is assumed

that the analysis of Calculations 1-83-0001 (Reference 45) and I-90-1020 (Reference 74) includes
the Buffer Amplifier and Bistable module types used in the RC pressure loops for ES.

V. REFERENCES:
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1. Drawing 205-047, sheet RC-11, Instrument Loop Diagram Reactor Coolant to Steam Generator 3A,
Revision 7

2. Drawing 205-047, sheet RC-11A, Instrument Loop Diagram Reactor Coolant to Steam Generator
3B, Revision 4

3. Drawing D8034033, sheet 4, Reactor Coolant Control Loop RC-3, RC3A, Revision 13
4. Drawing 210-481, Engineered Safeguard — Channel Test Cabinet 1, Revision 9

5. Drawing 210-483, Engineered Safeguard — Channel Test Cabinet 2, Revision 8

6. Drawing 210-485, Engineered Safeguard — Channel Test Cabinet 3, Revision 12

7. ANSI/IISA-551.1-1979, Process Instrumentation Terminology, December 28, 1979

8. Rosemount Report 78212, Internal Thermal Response of Transmitter Housings to Steam
Impingement, Revision A, SEEK 3466, Reel 0116

9. Calculation 1-89-0004, Instrument Loop and Insulation Resistance (IR) Accuracy Calculations,
Revision 8

10. Design Basis Document (DBD) for Post Accident Monitoring Instrumentation (Section 5/11),
Revision 7 (Temporary Changes 735,929,968,986,990,997, & 1050)

11. Calculation 1-97-0015, RCS Low Range Pressure Loop Accuracy, RC-147-PT & RC-148-PT,
Revision 1

12. Drawing 308-605, Instruments Arrangement at North X Station, Revision 15
13. Drawing 308-606, Instruments Arrangement at North Y Station, Revision 15

14. Drawing 308-603, sheet 2, Instruments Arrangement at South X and Y Instrument Rack Station,
Rev. 1

15. Drawing 308-601, Instruments Connections on Steam Generator 3A & RC 36" Line, Revision 11
16. Drawing 308-602, Instruments Connections on Steam Generator 3B & RC 36" Line, Revision 12
17. Drawing 308-604, Instruments Arrangement at South X Station Steam Generator 3B, Revision 14

18. Environmental and Seismic Qualification Program Manual (E/SQPM), Revision 11 (with Intermin
Change 99-01)

19. Calculation 1-90-0014, EQ Zone 66 Normal 10 Year Radiation Levels, Revision 2

- 20. Instrument Data Sheets:

20.a RC-3A-PT3, Revision 5

20.b RC-3A-PT4, Revision 5
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20.c RC-3B-PT3, Revision 4

20.d RC-3A-PY3, Revision 1

20.e RC-3A-PY4-1, Revision 2

20.f RC-3B-PY3, Revision 2

20.g RC-3-BT1, Revision 4

20.h RC-3-BT7, Revision 3

20.i RC-3-BT2, Revision 3

20.j RC-3-BT8, Revision 3

20.k RC-3-BT3, Revision 3

20.1 RC-3-BT9, Revision 3

20.m RC-3A-JX3, Revision 1

20.n RC-3A-JX4, Revision 1

20.0 RC-3B-JX3, Revision 1

20.p SP-1A-EB1 (RC-3A-EB1, RC-3B-EB2), Revision 1
20.q BS-1-1B2 (RC-3A-EB2), Revision 3
20.r SP-6A-EB4 (RC-3A-EB3), Revision 2
20.s SF-1-1B1 (RC-3B-EB3), Revision 2
20.t RC-3A-PS3, Revision 4

20.u RC-3A-PS4, Revision 4

20.v RC-3A-PS5, Revision 4

20.w RC-3A-PS6, Revision 4

20.x RC-3A-PS7, Revision 2

20.y RC-3A-PY4, Revision 2

20.z RC-3A-PI3, Revision 2

20.a2a RC-3B-PI2, Revision 2

20.bb RC-163A-PY1, Revision 4 and MAR 97-02-12-02 FCN #2
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20.cc RC-163B-PY1, Revision 3 and MAR 97-02-12-02 FCN #2
20.dd RC-154-PR/TR, Revision 8

20.ee RC-3-BT4, Revision 3

20.ff RC-3-BT5, Revision 3

20.gg RC-3-BT8, Revision 3

20.hh RC-3-BT10, Revision 3

20.ii RC-3-BT11, Revision 3

20.JJ RC-3-BT12, Revision 3

21. Instruction Manual 1260, Revision 12

22. Enhanced Design Basis Document (EDBD) for the Reactor Coolant System (Section 6/1), Rev 8
(Temporary Changes 665, 942, 1018, and 1035)

23. Letter LFM90-0006, dated 1/29/90 - Licensing Interpretation Seismic and LOCA

24. letter SNES94-0276, dated 9/12/94 — Response to NEA94-0694 on RPS Instruments
25. CR-3 I&C Design Criteria For Instrument Loop Uncertainty Calculations, Revision 4

26. Calculation 1-88-0015, Selection of Circuit Data for IR Accuracy Calculations, Revision 6

27. Instruction Manual 49, Volume 1C (Book 1887, Revision 0), Foxboro Model 610A Power Supply,
Revision 15

28. Calculation I-88-0004, Insulation Resistance of Continental Cable, Revision 2 (voided)

29. Vendor Qualification Package (VQP) INST-R369-03, Rosemount Model 1154 Transmitters,
Revision 9

30. Letter SNES 94-0356, dated 12/07/94 — ESAS Bypass Permit Automatic Reset Bistable
31. Walk Down Package 0188, RC-3A-PT3, 1992
32. Walk Down Package 0184, RC-3A-PT4, 1992
33. Walk Down Package 0185, RC-3B-PT3, 1993

- 34. Vendor Qualification Package (VQP) PEN-R369-01, Rosemount Model 353C Conduit Seals,
Revision 5

- 35. Calculation 1-88-0003, Insulation Resistance of Rosemount Conduit Seal, Revision 3
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36. Vendor Qualification Package (VQP) PEN-C515-04, Conax P/N 2325-7867/7868 Electrical
Penetration Assembly, Revision 4

37. Plant procedure SP-132, Engineered Safeguards Channel Calibration, Revision 37

38. ISA-RP67.04, Part Il, Methodologies for the Determination of Setpoints for Nuclear Safety-Related
instrumentation, September 1994

39. Reg. Guide 1.105, Instrument Setpoints for Safety-related Systems, Revision 2
40. Final Safety Analysis Report, Revision 25.4
41. Technical Specification Basis Backup Document, 51-1173714-01, Volume 2, Book 1, Tab 15

42. Vendor Qualification Package (VQP) CABL-C595-08, Continental CC-2193 Instrument Cable,
Revision 2

43. Instruction Manual 206, Volume 1 of 2, Revision 22, Bailey Product Instruction E92-316, 1970
44. Instruction Manual 206, Volume 1 of 2, Revision 22, Bailey Product Instruction E92-341, 1969
45. Calculation 1-83-0001, Calculation for Statistical Errors, Crystal River 3 RPS, Revision 4

46. Instruction Manual 49, Volume 1B, Revision 19, Bailey Product Instruction E92-79, 1980

47. Instruction Manual 49, Volume 1B, Revision 19, Bailey Product Instruction E92-74, 1972

48. Instruction Manual 49, Volume 1B, Revision 19, Bailey Product Instruction E12-1-1, 1971

49. Instruction Manual 1243, Esterline Angus, Miniservo VI Strip-Chart Recorder, Revision 1

50. Instruction Manual 1278, Revision 10, Foxboro Instruction Sl 1-01693, May 1979

51. MAR 82-05-24-04, 79-01B Transmitter Replacement

52. Walk Down Package 817, MTBD-9A, 1992

53. Walk Down Package 254, MTBD-9B, 1990

54. Walk Down Package 815, MTBD-9C, 1992

55. Vendor Qualification Package (VQP) TERM-R098-04, Raychem NPKC, NPKP, and NPKS
Transition Splice Assemblies, Revision 5

56. Drawing 205-047, sheet RC-13A, Instrument Loop Diagram RCS Hot Leg Level/Head Level,
Revision 9

57. ASME Steam Tables, Second Edition
- 58. Instruction Manual 586, Revision 7, Foxboro Product Specifications PSS 2E-1A1 A, 1985

59. Calculation 1-84-0002, Instrument error calc. For T'Sat display, Revision 2
Rev. 6/95 RET: Life of Plant RESP: Nuclear Enginsering



5'3\,’.‘,2? DESIGN ANALYSIS/CALCULATION

CORPORATION Crystal River Unit3

DESA-C.FRM

Page 53 of 88

DOCUMENT IDENTIFICATION NO. REVISION

1-89-0014 10

60. Calculation 1-89-0010, RCITS Hot Leg and Reactor Vessel Level Loop Accuracy, Revision 2, ICA,
Rev.00

61. WR287448 RAN 99115-1061, LOC 7169-0393
62. Technical Specification Basis Backup Document, 51-1173557-01, Volume 2, Book 1, Tab 16
63. Improved Technical Specifications, Volumes 1 and 2, Amendment 186.

64. Drawing 210-480, Engineered Safeguard — Channe! Test Cab ESCC-1 Reactor Coolant Pressure,
Revision 13

65. Calculation 1-88-0028, Reduction in LP} Start Signal, Revision 0

66. Calculation F-97-0018, CR-3 MSLB with MFP Trip failure , Revision 0

67. WR324749 RAN 90006-2483

68. Calculation [-95-0005, Measurement and Test Equipment Accuracy Calculation, Revision 2
69. Instruction Manual 1981, Keithley 197A Multimeter, Revision 0

70. Submergence and High Temperature Steam Testing of Class 1E Electrical Cables, NUREG/CR-
5655, SAND90-2629, Sandia National Laboratories

71. Drawing 210-482, Engineered Safeguard - Channe! Test Cab ESCC-2 Reactor Coolant Pressure,
Revision 12

72. Drawing 210-484, Engineered Safeguard - Channel Test Cab ESCC-3 Reactor Coolant Pressure,
Revision 14

73 Drawing 205-047, sheet RC-12A, Instrument Loop Diagram RCS Hot Leg Level & Head Level,
Revision 8

74 Calculation 1-90-1020, B&WOG Cross Compatibility Analysis of Bailey Controls Company, Revision
0 v

75 Calculation M-97-0072 Containment Analysis for SBLOCA Rev. 2
76 Calculation 1-94-0012 Computer Instrument Accuracy, Rev. 3
77 Calculation M-97-0020 Control Complex Heat Load Evaluation, Rev. 0
78 F-98-0008 IS “SBLOCA ANALYSIS FOR CRAFT2 TO RELAPS5 TRANSITION” REV. 0
- 79 BAW-10103A, Rev. 3 Containment Analysis for SBLOCA.
80 FTI Document 32-1266137-00, CR-3 Containment Analysis for SBLOCA, December 1997

A 81 FTI Document 32-1266137-01, CR-3 Containment Analysis for SBLOCA, January 1998
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82 FTI Document 32-1266137-02, CR-3 Containment Analysis for SBLOCA, February 1998

83 FTI Document 32-1266137-03, CR-3 Containment Analysis for SBLOCA, December 1998

84 FTI Document 86-5001942-02, CR-3 RELAP5/MOD2 SBLOCA Summary - HPI Upgrade, March1999
85 MAR 97-02-12-01, High Pressure Injection Upgrade — Mechanical and Structural Equipment.

86 MAR 97-02-12-02, High Pressure Injection Upgrade — Electrical and I1&C Equipment.

87 FTi1 Document 32-1266348-01, "CR-3 Mk-B9 20% SGTP R5/M2 SBLOCA Spectrum (HPI Upgrade),
2/18/99.
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VI.  DETAILED CALCULATION

This calculation will evaluate the instrument loop accuracies associated with the RCS pressure
transmitters RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 during normal and accident conditions.

1. COMPONENT ERRORS
a. Process Error

Per DI, the sensing lines associated with RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3 are routed through
EQ Zones 66 and 40. Since neither of the zones has an overwhelming portion of the sensing lines
routed through it, an average of the zones Normal temperatures will be used for calculating the
differential density effect. Per the E/SQPM (Reference 18) the temperature in Zone 40 is between
130°F and 149°F a majority of the time (average of 140°F), and Zone 66 is between 90° and 109°F a
majority of the time (average 100°F); therefore, 120°F (average of the two averages) will be used as
the average Normal sense line temperature. In addition, the normal operating pressure of the RCS is
2155 psig per the EDBD for the Reactor Coolant System (Reference 22).

According to DI, the change in elevation between the tap connections for the transmitters on the RCS
piping and the location of the transmitters is 63.13 feet (167.21’ — 104.08’) for RC-3A-PT3, 63.17 feet
(167.21' - 104.04’) for RC-3A-PT4, and 64.46 feet (167.21' — 102.75") for RC-3B-PT3.

From Table 3 of the ASME Steam Tables (Reference 57), the Specific Volume of water at 120°F and at
2169.7 psia (2155 psig) is 0.01610 ft/Ib. The density is then 62.11 Ib/ft® (1/0.01610 ft*/ib). Therefore,
the following corrections are required for the calibration of the transmitters:

RC-3A-PT3
(62.11 Ib/ft32(1 /144 in®) = 0.431 Ib/(in>ft)
(0.431 Ib/in®ft)(63.13 ft) = 27.2 psig

TRANSMITTER SCALING = 27.2 psig (0%) to 2527.2 psig (1009

RC-3A-PT4
(0.431 Ib/in>-ft)(63.17 ft) = 27.2 psig

TRANSMITTER SCALING = 27.2 psig (0%) to 2527.2 psig (100%

RC-3B-PT3
(0.431 Ib/in-ft)(64.46 ft) = 27.8 psig

TRANSMITTER SCALING = 27.8 psig (0%) to 2527.8 psig (100%)

The above mentioned correction factors are to be included in the calibration of the transmitters.

As was found in DI129.h, the maximum temperature of cable, splices, penetrations, and transmitters
following the worst accident temperature profile (MSLB) would not exceed 302°F. Transmitter sensing
lines, just like these devices, have thermal mass. Since water has a very large specific heat, it is
reasonable to conclude that the sensing line temperature will remain below the maximum computed in

- DI29. Therefore, a value of 302°F will be used to determine the maximum error due to density changes
within the sensing lines. The hotter, less dense post-accident condition in the sensing lines will lower
the indicated pressure. From Table 1 of the ASME Steam Tables, the saturation pressure of water at
300°F is 67.005 psia. The Specific Volume of water at this point is 0.01745 ft*/lb. Therefore, the density
is 57.31 Ib/ft> (1/0.01745 ft¥/Ib).
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The change in pressure for the sensing lines of the pressure transmitters is related to the change in
sensing line water density as follows:

AsENSE-LINE

[(drz— dr)/(144 in%/1 )] x [L/span] X 100%
where dry and dy; is the density of the sensing lines at 120°F and 300°F, respectively
and L is the elevation differential in the sensing line.

The resulting effect on the transmitters’ span is as follows:

RC-3A-PT3
AsENSE-LINE

RC-3A-PT4
ASENSE-LINE

RC-3B-PT3
ASENSE-LINE

[(57.31 b/t — 62.11 Ib/it®)(144 in¥/1 f9)][(63.13 ft)/(2500 Ib/in®))(100%)
-0.08% span

[(57.31 Ib/ft° — 62.11 Ib/ft®)/(144 in*/1 £2)][(63.17 ft)/(2500 Ib/in®)](100%)
- 0.08% span

[(57.31 Ib/ft® — 62.11 Ib/t)/(144 in%/1 #2)][(64.46 ft)/(2500 Ib/in?)](100%)
- 0.09% span

Note: This error will be neglected for the LPI/HPI actuation condition. Decreases in sensing line density
create a negative error (i.e. measured value is less than actual value). Neglecting this effect in
establishing the HPI/LPI setpoint is therefore conservative since the positive error term is what is used
to define the setpoint for actuation’s which occur on decreasing signals. The larger value will be used
for the post-accident condition. Therefore:

=-0.09% span

Rosemount Pressure Transmitter DI7
2,500 psig

ASENSE—LINE

b. Device PT
Span =

URL =

3,000 psig (Upper Range Limit)

Normal Conditions (Epty)
Epnien= Reference Accuracy = + 0.25% span

Eprng

EPTN(op)

EPTN(ps)

EPTN(p/t)

Eptng)

Rev. 6/95

= Temperature Effect = + (0.75% URL + 0.5% span)/100°F

=+ [0.75%(3000 psig/2500 psig) + 0.5%)] (109°F — 70°F)/100°F DI29.h, A2
=+ 0.55% span

= Qverpressure Effect = + 0.0% span DI7.b
= Power Supply Effect = + 0.005% span per volt

=+ (0.005 span)(2 volts) Di18,DI7
=+ 0.01% span

= Steam Pressure/Temperature Effect = £ 0.0% span Di7.c
= Seismic Effect = + 0.0% span Di7.d
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Eprnraqy = Radiation Effect = £ 0.0% span DI7.e

£ [(Epren)” + (Eppne)’ + (Epmype) 1"
+ [(o.PzTQSZfL (0.553’5'19) (0.01)5]T”Ep )

+ 0.60% span

Eptn

HPI/LPI Actuation (Eprjact)
Eptiacteen = Reference Accuracy = £ 0.25% span

Epriacty = Temperature Effect = + (0.75% URL + 0.5% span)/100°F DI29.h, A2
=+ [0.75%(3000 psig/2500 psig) + 0.5%] (133°F — 70°F)/100°F
=+ 0.88% span

Epmiactopy = Overpressure Effect = + 0.0% span DI7.b

Epriactpsy = Power Supply Effect = + 0.005% span/volt

=+ 0.005% span/volt

=% (0.005% span/volt)(2 volts) DI18,DI7

=+ 0.01% span
Erriactn = Steam Pressure/Temperature Effect = + 0.0% span DI29.h
EPT/ACT(s) = Seismic Effect =+ 0.0% span DI7.d
Epriactiaqy = Radiation Effect = + 0.0% span DI29.h

2 2 27172
Epriact (EPT/A%T(ref)) + EPT/ACT(ps)) + (EpracT)’]

(0.25)* + (0.01)% + (0.88)]"2

—_——

Post-Accident Conditions — (Ept1.97)
Eprioreen = Reference Accuracy = + 0.25% span

Epriorg = Temperature Effect = + 0.0% span DI29.h
Epri.or0p = Overpressure Effect = £ 0.0% span DI7.b
Eprrorps) = Power Supply Effect = + 0.005% span/volt
=% (0.005% span/volt)(2 volts) DI18,DI17
=+ 0.01% span
Eptio7pny = Steam Pressure/Temperature Effect = + (2.5% URL + 0.5% span) DI29.h, DI7
= 1 [(2.5%)(3000 psig/2500 psig) + 0.5%]
=+ 3.5% span
Err1e7 = Seismic Effect = £ 0.0% span DI7.d
Epri1.97¢aqy = Radiation Effect =+ (1.5% URL + 1.0% span) DI29.h, DI7

1 [(1.5%)(3000 psig/2500 psig) + 1.0%]
+2.8% span
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Eprior = ii(fsfgggg;g)i “(‘“O(Eq;g .i7((p§)');); _‘(_E(;T/é .)sg](ﬁ@)z + (Eptt o7¢ag)) )"

=+ 4.49% span

¢. Insulation Resistance Errors
Before an IR error value can be determined for the transmitter circuit, the circuit must be analyzed to
determine how much leakage current exists.

NOTE: MAR 97-02-12-02 modifies the RC-163A-PY1 and RC-163B-PY1 RCS pressure loops (205-
047, Sht. 11, 11A, 12, 12A) to ensure a loss of power to the modules in the RCITS does not cause an
ES channel trip for low RCS pressure. The present current-to-voltage (I/V) modules in the RCITS will
be replaced with a new current-to-voltage (I/V) module which consist of a I/V (Foxboro N-2AX-VZ)
and a V/V (Foxboro N-2AI-T2V) combination unit. The input resistance for this device is 5Q
(Reference 86) in lieu of the 50Q used for the previous device.

Although one of the transmitter circuits does not include the 5Q resistor (Reference 86) for the RCITS
interface, the circuit analysis will be done for the loops which include this resistor. There is negligible
difference in the loops despite this additional resistor. Using a variation (grounded loop versus
ungrounded loop) of the IR model given ISA-RP67.04 (Reference 38), the circuit to be analyzed is
depicted in Figure 1 of Attachment 5, where:

VS = Power supply voltage

Iy = Power supply current

I5,13 = Loop Currents

IEi23 = Leakage Currents

IS = Transmitter current

REQ1 = IR for conductor-to-conductor

REQ2 = IR for conductor-to-ground (negative side of transmitter)
REQ3 = IR for conductor-to-ground (positive side of transmitter)

The IR values for the parallel insulation resistance from each of the components (i.e. cable, splice, seal,
& penetration) are combined as done in ISA-RP67.04 (Reference 38) using the following:

1/REQ1 = 1/Rsgatce + 1Rsoe + 1Rcoc + 1Rsee + 1/Rpencs
1/REQ2 = 1/REQ3 = 1/Rsearcq + 1/Rseg + 1Rgog + 1/Rscq + 1/Rpeneg

Using the HPI/LPI actuation values from DI32, 33, 34, and 35, the following equivalent resistances are
calculated:

RC-3A-PT3 Loop
1IREQ1acry = (1/5.6x107Q) + (1/6.48x10°Q) + (1/1.30x10°Q2) + (1/6.48x10°Q) + (1/2.1x10°2)
REQ1(ACT) =5.15x 1Q7Q

1IREQ2pcry = (1/2.8x107Q) + (1/3.24x10°Q) + (1/6.52x10°Q2) + (1/3.24x10°Q2) + (1/1.05x10°QQ)
' REQZ(ACT) =258 x 1Q7Q = REQ3(ACT)

- RC-3A-PT4 Loop
1/REQ1acry = (1/5.6x107Q) + (1/6.48x10°Q) + (1/2.60x10°Q) + (1/6.48x10°Q) + (1/2.1x10°Q)
REQ1(ACT) =526 x 1Q7Q

Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering




plorida  hESIGN ANALYSIS/ICALCULATION

CORPORATION Crystal River Unit3

DESA-C.FRM

Page 59 of 88

DOCUMENT IDENTIFICATION NO. REVISION

1-89-0014 10

1IREQ2pcry = (1/2.8x107Q) + (1/3.24x10°Q) + (1/1.30x10°Q2) + (1/3.24x10°Q) + (1/1.05x10°Q)
REQ2acry =283x10'Q =REQ3ucr

RC-3B-PT3 Loop
1/REQ1acry = (1/5.6x10°Q) + (1/6.48x10°Q2) + (1/1.13x10°Q) + (1/6.48x10°Q2) + (1/2.1x10°Q2)
REQ1(ACT) =512 x 107Q

1IREQ2pcry = (1/2.8x107Q) + (1/3.24x10°Q) + (1/5.65x10°Q) + (1/3.24x10°Q) + (1/1.05x10°Q)
REQ2pacy =2.56x10'Q = REQ3pc)

| Using the post-accident (1.97) values from DI33, 34, 35, and 36, the following equivalent resistances
are calculated:

RC-3A-PT3 Loop
1REQ11s7 = (1/5x10°Q) + (1/3.6x107Q) + (1/2.56x10'Q) + (1/3.6x10'Q) + (1/4.47x10°Q)
REQ11gen =4.31x10°Q

1/REQ2167, = (1/2.5x10°Q) + (1/1.8x107Q) + (1/1.28x10°Q) + (1/1.8x107Q) + (1/2.24x10°Q)
REQ2q¢n =2.16x10°Q =REQ3q.en

RC-3A-PT4 Loop
1/REQ1 197 = (1/5x10°Q) + (1/3.6x107Q) + (1/5.10x10'Q) + (1/3.6x107Q) + (1/4.47x10°Q2)
REQ1(1_97) =4.35x 1Q5Q

1/REQ2(1 g7 = (1/2.5x10°Q) + (1/1.8x10°Q) + (1/2.55x107Q) + (1/1.8x107Q2) + (1/2.24x10°02)
REQ2(1.97) =218x 1050 = REQ3(1'97)

RC-3B-PT3 Loop
1IREQ1 (o7 = (1/5x10°Q) + (1/3.6x107Q) + (1/2.22x10Q) + (1/3.6x10Q) + (1/4.47x10°Q))
REQ11g7, =4.30x10°Q

1IREQ21g7) = (1/2.5x10°Q) + (1/1.8x10'Q2) + (1/1.11x107Q) + (1/1.8x107Q) + (1/2.24x10°Q)
REQ2197, =215x10°Q =REQ3ge

Since the transmitter seal IR value is so much smaller than the other components, to simplify the
calculation, the worst case equivalent resistances (those for RC-3B-PT3) will be used to determine
insulation resistance error.

The transmitter is not a true current source since it must rely upon an external power supply. It acts as
a variable resistor which maintains a constant current (IS) for a constant pressure input.

From References 86 the input impedance for the new I/V module is 5Q. Referring to DI19, the input
impedance for the buffer amplifier is 100k<.

The cases defined in DI42 will now be analyzed.

"~ CASE 1 — Negative Conductor-to-Ground | eakage Predominates
The first case to be analyzed assumes REQ2 << REQ1 and REQ2 << REQ3. All of the leakage current

passes from the negative conductor (i.e. transmitter to buffer amplifier) to ground. This case assumes
Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering
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the ground for the circuit is intact. The net effect is to produce a signal to the buffer amplifier that is
smaller than that sent by the transmitter; therefore, the error will be negative. These assumptions
essentially remove REQ1 and REQ3 and place REQ2 in parallel with the 630Q input resistor across the
buffer amplifier input and with the buffer amplifier's input impedance (100kQ). Combining the 630 with
the 100k results in the following buffer amplifier equivalent resistance (Rgy):

Rea 6300Q)(100kQ
630Q2 + 100kQ

6260

This case simplifies to that shown in Figure 2 of Attachment 5. The leakage current (IE) for this
scenario is simply the current through the current divider between the negative conductor-to-ground and
the buffer amplifier's resistance. Therefore:

IE, = IS(626Q)/(REQ2 + 626Q)

Per ISA-RP67.04 (Reference 38) the percentage error (IE,%) due to degraded insulation resistance is:
IEx% = [IE/(ISmax — ISmiN)](100%)

Substituting the above expression for IE, yields:

IEx% = [IS(626Q)/(REQ2 + 6260)](100%)
ISmax — IS

The following insulation resistance error (IE%) values are calculated for the HPI/LPI actuation and post-
accident conditions using the worst case (lowest) equivalent resistance values for REQ2 calculated
above. The error is negative for the reason given above.

HPV/LPI
IE;%@cry = -[(0.020 A)(626Q)/(2.56 x 10Q + 626Q)}(100%)
0.020 A-0.004 A
= -0.003% for a 0.020 A transmitter current
IE;%@cry = -[(0.004 A)X(6260Q)/(2.56 x 10’Q + 626Q)1(100%)

0.020 A-0.004 A

- 0.0006% for a 0.004 A transmitter current
The above error values are considered negligible when compared to the other error terms in the

instrument loop. This calculation thus neglects insulation resistance error for the HPI/LPI actuation
condition for Case 1. Therefore:

7 IEZ%(ACT) =0.0% span
Post-Accident (1.97)

IE%usen = -[(0.020 AX626Q)/(2.15 x 10°Q + 626Q)](100%)
0.020 A— 0.004 A
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= -0.36% for a 0.020 A transmitter current

IEx%qory = -[(0.004 A)X626Q)/(2.15 x 10°Q + 626Q)](100%)
0.020 A-0.004 A

= -0.073% for a 0.004 A transmitter current
The error due to insulation resistance is largest at the highest transmitter current, therefore:
IE2%1.97) = -0.36% an

CASE 2 — Conductor-to-Conductor Leakage Predominates

The second case to be analyzed assumes REQ1 << REQ2 and REQ1 << REQ3. All of the leakage
current passes from the positive conductor to the negative conductor. This case assumes the ground
for the circuit is not intact. These assumptions essentially remove REQ2 and REQ3 from the circuit.
The net effect is to produce a signal to the buffer amplifier and to RCITS that is larger than that sent by
the transmitter; therefore, the error will be positive. The circuit simplifies to that shown in Figure 3 of
Attachment 5.

Using Kirchoff's Law, summing the voltage drops around Loop ABCDA results in the following equation:

VS = 1(50Q) + IE(REQ1) + 1,(6260) + 1;(13000)
= 1(631Q) + IE((REQ1) + 1,(1300€2) EQN. 1

Summing voltage drops around Loop ADA results in the following equation:
VS =15(16000) + I4(1300Q) EQN. 2
From Instruction Manual 49 (Reference 27), the output voltage of each of the transmitter power supplies
is 84 Vdc @ 10 mA and 76 Vdc @ 50 mA. From this the following relationship between the power
supply output voltage and output current can be derived:
VS =86 V - (2000Q)IL, EQN. 3
Summing the currents at Node B yields the following:
I =18 + IE, EQN. 4
Summing the currents at Node A yields the following:
h=la+1s EQN. 5
Setting EQN. 1 equal to EQN. 2 yields:

© 12(631Q) + IE4(REQ1) + 11(1300Q2) = I5(1600Q) + },{1300<2)

» Simplifying and solving for |5 yields:

I3 = 15(631Q) + IE(REQ1) EQN. 6
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1600Q
Setting EQN. 2 equal to EQN. 3 yields:

l2(1600Q) + 1,(1300€2) = 86 V — (200Q)IL,

Simplifying yields:

86 V = I3(1600Q) + 11(15000) EQN. 7
Substituting EQN. 5 into EQN. 7 yields:

86 V = 15(1600Q) + 15(1500Q2) + I3(1500Q)

Simplifying yields:

86 V = 15(3100Q) + 1,(1500Q) EQN. 8

Substituting EQN. 6 into EQN. 8 yields:

86 V = (3100Q)[1,(6310Q) + IE((REQ1)] + 15(1500Q)
160002

Simplifying yields:

86 V = 2722.56Q(1,) + 1.9375(IE;)(REQ1) EQN. 9
Substituting EQN. 4 into EQN. 9 yields:

86 V =2722.560(1S + IE¢) + 1.9375(1E;)(REQ1)

Solving for |IE, (the leakage current) yields:

IEq = 86 V — (2722 56Q)IS EQN. 10
2722.56Q + 1.9375(REQ3)

Per ISA-RP67.04 (Reference 38) the percentage error (IE;%) due to degraded insulation resistance is:
IE1% = [IE/(ISmax — ISuin)](100%)
Substituting the above expression for IE; yields:

IE«% = [86V —(2722.560)IS](100%)
[2722.56Q + 1.9375(REQ1)](ISmax — 1Smin)

' The following insulation resistance error (IE%) values are calculated for the HPI/LPI actuation and post-
accident conditions using the worst case (lowest) equivalent resistance values for REQ1 calculated
- above. The error is positive for the reason given above.

HPI/LPI
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|E1%(ACT) = [86V —(2722.560)(0.020 A)](1 00%)
[2722.560 + 1.9375(5.12 x 10'Q2))(0.020 A - 0.004 A)

+ 0.0020% span for a 0.020 A transmitter current

[86 V — (2722.562)(0.004 A)1(100%)

IE1%acn)
[2722.56Q + 1.9375(5.12 x 10'Q)](0.020 A - 0.004 A)

=+ 0.0047% span for a 0.004 A transmitter current
The above error values are considered negligible when compared to the other error terms in the

instrument loop. This calculation thus neglects insulation resistance error for the HPI/LP! actuation
condition for Case 2. Therefore:

IE1%(ACT) =0.0% span
Post-Accident (1.97)

[2722.56Q + 1.9375(4.30 x 10°Q)](0.020 A - 0.004 A)

= +0.24% span for a 0.020 A transmitter current

IE«%qen, = [86V —~(2722.560)(0.004 A)[(100%)
[2722.560 + 1.9375(4.30 x 10°Q2)](0.020 A - 0.004 A)

= +0.56% span for a 0.004 A transmitter current

The error due to insulation resistance is largest at the lowest transmitter current, therefore:

IE1%(1.97) = + 056“2@ span

d. Device BA Bailey Buffer Amplifier (Ega) DI15
Esagen = Reference Accuracy =+0.1% span .
Eresngempy = Resistor Temperature Effect =+ 0.028% span D19
Eresagempy = Resistor Temperature Effect =+ 0.048% span DI19
Esa@rg) = Design Range Error =1 0.399% span DI15
NORMAL

Egan =% [(EBA(rsf))z + (ERESN(temp)Z + (EB{%DRE))Z]HZ
=+ [(0.1) + (0.028)° + (0.399)7]

= 0.41% span

ACCIDENT

Esaa = * [(Eeagen)’ + (Eresatemp)’ + (Esaore) 1"
o =% [(OE.;q()SfL (0.04R8E)32A(Jtr (6).399)2?%0%)

=+ 0.41% span
+£0.41% span
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e. Device BT TRIP & BYPASS Bistable Actuation (Ezy) DI16
Esr(en = Reference Accuracy =+ 0.17% span
Esrpoy = Potentiometer Resolution =+ 0.05% span
Esrisp) = Setpoint Repeatability =+ 0.02% span
Esrg = Temperature Effect =+ 0.07% span
Est(hum) = Humidity Effect =+ 0.0 span A8
Egr =t [(EBT(reQ)2 + (EBTgnot))z + (EET(sp))Z + (|25§/]2'(t))2]1/2
=% [(0.17)" + (0.05)" + (0.02)" + (0.07)7]
=+0.19% span
f. Device EB Bailey Voltage Buffer (Egg) DI20
Eep(en= Reference Accuracy = + 0.1% span
NORMAL ,
Eesntemp) = Temperature Effect = + 0.25(20°F)/100°F A1
=+ 0.05% span
ACCIDENT
Eesagemp) = Temperature effect = + 0.25(34°F)/100°F A1l
=+ 0.085% span
NORMAL , "tz
Eean =t [(EEB(Eef)) + (EE2BN(temp)) 1
=1 [(0.1)" + (0.05)]
=+ 0.11% span
ACCIDENT iz
Eesa =+ [(EEB(ref))z + (EEBé(temp)) ]
=+ [(0.1)* + (0.085)7]
=+ 0.13% span
g. Device SM Bailey Signal Monitor (Esy) Di21
Esmgen = Reference Accuracy = x 0.25% span
NORMAL
Esmntemp) = Temperature Effect = £ 0.25(20°F)/100°F A1
=% 0.05% span
ACCIDENT
Esmagemp) = Temperature Effect = + 0.25(34°F)/100°F A1l
=1 0.09% span
Repeatability and hysteresis assumed included in Egyen A9

Rev. 6/95

NORMAL R o2

Eswn = * [(Esmirep)” + (Esmpgtemp)’]
- £[(0.257+ (0.08)"
=1 0.25% span

ACCIDENT

Eswa =t [(ESM(rep)z + (ESMAéewp))z]”2

= + [(0.25)° + (0.085)]"
=+ 0.26% span
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h. Device ES Bailey Indicator (Egs) DI22
Eesgen= Reference Accuracy = + 1.0% span
NORMAL
Eesnemp) = Temperature Effect = + (0.01/°F)(20°F) A1l
=t 0.20% span
ACCIDENT
Egsatemp) = Temperature Effect = + (0.01/°F)(34°F) A1
=+ 0.34% span
Linearity, repeatability, and hysteresis assumed included in Eesen A9

* % minor scale division
1 [(0.5)(50 psig)/2500 psig](100%)
% 1.0% span

Eesscy= Scale Error

NORMAL

EESN ——[(EES(Eef)) +(EESN(temp)) +(EES(sc))]
* [(1.0) + (0.2)* + (1.0)9*

£1.43% span
ACCIDENT
Eesa =2 [(EES(aef)) + (EE23A<temp)) + (EES(sc)) "2
=+ [(1.0)* +(0.34)" + (1.0)*
=+ 1.45% span
i. Device REC Esterline Angus Recorder (Egec) Di24
Erecqen = Reference Accuracy = + 0.5% span
NORMAL
Erecgemp) = Temperature Effect = + [(0.03/°C)(20°F)(5°C/9°F)
=+ 0.33% span
ACCIDENT
Erecgemp) = Temperature Effect = + [(0.03/°C)(34°F)(5°C/9°F)
=+ 0.57% span

= + % minor scale division
=+ [(0.5)(50 psig)/2500 psig](100%)
=1 1.0% span

Ees(sc) = Scale Error

NORMAL

Erecn =+ [(ERE%(ref)) +( 2;:uEC(temp)) + (EES(sc)) ]
= +[(0.5)° +(0.33)° + (1.0)*

=1 1.17% span

ACCIDENT )
" Ereca = * [(0.5)? + (0.57)? + (1.0)%
=1 1.25% span
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j- Device RCALL RECALL/SPDS/Plant Computer (Egcait)

NORMAL

ErecaLin 0.220% FSR DI39

ACCIDENT
Erecaua= £ 0.317% FSR DI39
= + (0.317%)(20 Vdc/10 Vdc)

=1 0.63% span
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2. CALCULATED LOOP ERRORS
a. Transmitter

NORMAL (E_ooppra:in)

Eloorernan = H(Epn)
= + (0.60%)

0.60% span
ACCIDENT 1.97 (ELoopprisr:in)
ELoorprierin = % Eptiner

=+ 4.49% span

HPI/LPI Actuation (ELOOPPTIACT:IN)
ELOOPPT/ACT:IN =+ (EPT/ACT)

=1 0.91% span
b. TRIP Bistable (1625# & 5004#) - HPI/LPI Actuation

NORMAL (Ep..gseT/acTn:oUT)

EpLssacmvout = * Epan
=+ 0.41

=+ 0.41% span

EBSACTN:OUT

L

Epr
0.

+
+ 0.19% span

ACCIDENT (Epgssruactaout)
EpL-BsacTaout = * Egaa

=+ 0.41% span

Essacraour =

Note: Only the positive error value is used to establish the HPI/LPI setpoints due to the actuation’s
occurring on a decreasing RCS pressure signal.

c. Pressure Recorder
Normal (E_ooppreny:ouT)
[(EBAN)2 + (ERECN)2]1/2

(0.41)% + (1.17)"2
+ 1.24% span

- ELOOPPR(N):OUT

+ W
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Accident (Eooppr(1.97):0U7) ) 112
ELoorpra1.e7y.0ut =+ [(Egan)” + (Ereca)’]
=+ [(0.41)% + (1.25)")"

=+ 1.32% span

d. Plant Computer, RECALL, & SPDS

Normal (E_ooprecaLLn:out) ) 2
Eiooprecatnour = [(EBAN)2 + (ERECAéLQ)\l) "
=+ [(0.41)2 + (0.44)]*

=+ 0.60% span

Accident (E_oorrecaLLa:ouT) ) )
ELoorrecaLLAOUT =t [(EBAA)2 + (ERECAéL;/A) |
= £ [(0.41)? + (0.63)"

=+ 0.75% span

VA

e. Output to T'Sat.

Normal (E, coprsarn:our)

ELooprsatn.out [(Esan)” + (Egan)1"

=+
= +[(0.41)% + (0.11)] "
=+ 0.42% span

Accident (E_ooprsata:out)

ELOOPTSATA:OUT [(EBAA)2 + (EEBA)Z]H2
[

+
+[(0.41)% + (0.13)%]"2
+ 0.43% span

f. RIP Indicators

Normal (E_corrin:out) ) , ot
Elooprivzour =% [(Esan)” + (Eeen)” + (Eesn)‘]
=+ [(0.41)% + (0.11)? + (1.43)%]"2

=+ 1.49% span

Accident (E ooppi1.97):0uT)

EvLoopri¢r.e7:0ut =+t [(EBAA)2 + (EEBA)2 + (EESA)Z]“2
=+ [(0.41)° + (0.13)° + (1.45)7"

=1 1.51% span
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g- NNI Alarm and Interlock Contacts

Normal (Ep_.gsaLn:our) ) )
EpL-ssan-our =+ [(Egan)” + (Eesn)
=+ [(0.41)% + (0.11)]"?

=+ 0.42% span

Essalnout =+ Egun
=+ 0.25% span
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3. "AS-LEFT" TOLERANCES DI37

a. Pressure Transmitter
AL oorpnan = £ (EpTnren)
=+ 0.25% span
=+ (0.25%/100%)(16 mA)
1 0.040 mA

Per the SP-132 for RC-3A-PT3, RC-3A-PT4, and RC-3B-PT3, the currently used "As-Left" tolerance for
calibrating these transmitters is + 0.04 mA. Since the calculated tolerance is the same as currently
used, the "As-Left" tolerance for all three pressure transmitters will remain at £ 0.04 mA. Therefore:

ALLOOPPTN:IN =% 0.25% span =+ 0.04 mA

b. TRIP & BYPASS Bistable Actuation (ALgsgta)
Algsgracur = (Egrgen)

=+ 0.17% span

=+ (0.17%/100%)(10 Vdc]

=+ 0.017 Vdc

Per DI43, the "As-Left" tolerance currently used for the TRIP and BYPASS bistable actuation is + 0.01

Vdc. Based on past experience of being able to calibrate the bistables to the tighter tolerance currently

in SP-132, the procedure will continue to use this tolerance. Consequently, this calculation will use the

same value for all three pressure transmitter loops. Therefore:

ALBSBTA:OUT =+ 0.10 % span =+ 0.010 Vdc

c. NNI Alarm and Interlock Contacts (ALgsal)
Algsacour =% (Esmgen)

0.25% span

(0.25%/100%)(10 Vdc)

0.025 Vdc

(O LI |
H H |

Per DI43, the “As-Left” tolerance currently used for the NNI Alarm bistable actuation is + 0.025 Vdc.
Based on past experience of being able to calibrate to the tolerance currently in SP-132, this calculation
will use the same value as calculated. Therefore:

ALBSAL:OUT =+ 0.25% span = #0.025 Vdc

d. TRIP Bistable Input (AL; _gssy) - Partial Loop
ALpigseriout = £ Epagen
=+ 0.10% span
1 (0.10%/100%)(10 Vdc)
+ 0.010 Vdc for all three transmitter loops

ALPL-BSBTI:OUT =+ 0.10% span = £ 0.010 Vdc

e. NNI Alarm and Interlock Input (ALp_.gsa.) - Partial Loop
£ [(Bsaen)” * (Eesgen) ]
+[(0.1)* + (0.1)4"
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=+ 0.14% span
=+ (0.14%/100%)(10 Vdc)
=+ 0.014 Vdc for RC-3A-PT3 loop:

ALPL-BSALI:OUT =% 0.14% span=+ 3. ig=0.014 Vd

f. Plant Computer, RECALL & SPDS

[(Esagen)’ + (Erecaun)]"”
[(0.1)% + (0.44)""
0.45% span
(0.45%)(2500 psig)

11.3 psig

ALLOOPRECALL:OUT

mwmimwnn
H H+ H H+

Since this is a new split loop calculation and prior calibrations have included the transmitter input the
calculated AL will be used. Therefore:

AL ooprecaLL0UT =+ 0.45% span =11.3 psig

d. Pressure Recorder

Alioopprour =+ [(EBA(5ef))2 + (|§3|I320(ref))2]1/2
=+[(0.1)" + (0.5)]
=+ 0.51% span
=+ (0.51%)(2500 psig)
=+ 12.8 psig for RC-3A-PT3 and RC-3B-PT3 loops

Since the Recorder can only be read to 25 psig (%2 minor scale division), the "As-Left" tolerance for the
Recorder will be rounded to * 25 psig (+ 1.0% span). Per DI43, the current "As-Left" tolerance is + 50
psig. Since this is a new split loop calculation and prior calibrations have included the transmitter input
the rounded up AL will be used. Therefore:

AL ocorprour = 1.0‘20 span = + 25 psig

h. Output to T'Sat.

102
AL oopTsaTout

2 2
oy S’
0.14% span
(0.14%)(2500 psig)
3

.5 psig

I nmmnn
H o

- Since this is a new split loop calculation and prior calibrations have included the transmitter input the
calculated AL will be used. Therefore:

- Alooprsatour =+ 0.14% = 3.5 psig
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i. RIP Indicators
AL Loopprour

—_——

(EBA(ref))2 + (EEB(ref))2 + (EES(ref))z]“2
(0.1)% + (0.1)% + (1.0)3"

1.01% span

(1.01%)(2500 psig)

25.3 psig for RC-3A-PT3 and RC-3B-PT3 loops

i nnn g
MO

Since the Indicator can only be read to 25 psig (% minor scale division) and the current SP-132 value is
50 psig the error will be rounded up to 50 psig. Therefore:

Al ooprrour = £ 2% span = * 50 psig
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4. "AS-FOUND" TOLERANCES
SBLoorPTN:IN =+ Eprany = (Drift (Stability):+0.2% of upper range limit for 30 months.) DI7
= (0.2%)(3000/2500)
=+ 0.24% span
a. Pressure Transmitter A6
Category A Method
AF ooppTina = £ {ALLoopPTNin *+ [(SBLOOPPW J\l) + (MTELoorn)’]"}
= {0.25 + [(0.24)* + (0.202)*]"4
=+ 0.56% span
=+ (0.56%/100%)(16 mA)
=+ 0.090 mA for all three transmitter loops

Since the calculated tolerance is based on applying a new category A method, the calculated value will
be used in the calculation and the procedure in lieu of the current SP-132 value.

AFLOOPPT;IN =1 0.56% span = £+ 0.090 mA

b. TRIP & BYPASS Bistable Actuation DI17

SBaset.0ut * Egray
+ 0.164% span
AFpsgraout + {ALpsgTaour + [£SBBSBT ouz) + (MTEpour2)’]' 2} A6
+{0.10 + [(0.164)" + (0.005)°]"%

% 0.26% span

+ (0.26%/100%)(10 Vdc)

+0

.026 Vdc for all three transmitter loops

Per DI43, the "As-Found" tolerance currently used for the TRIP and BYPASS bistable actuation is
0.027 Vdc. Based on applying a new Split-Loop method and Design Guide methodology the tigher
tolerance calculated above will be used. Therefore:.

AFgsetaoutr = & 0.26% span = + 0.026 Vdc

¢. NNI Alarm and Interlock Contacts
AFgsaL.out =+ (ALgsaLour + MTEpL.our2)
=+ (0.25+ 0.005)
=% 0.26% span
+ (0.26%/100%)(10 Vdc)
+ 0.026 Vdc for RC-3A-PT3 loop

Per D143, the “As-Found” tolerance currently used for the NNI Alarm bistable actuation is + 0.027 Vdc.
Based on applying a new Split-Loop method and Design Guide methodology the tigher tolerance
~ calculated above will be used. Therefore:

AFBSAL:OUT = 0.26% span = + 0.026 Vdc
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d. TRIP Bistable — Partial Loop DIM7
SBpLgssa:out Esar)
0.548% span ) "
AFpsspri:out {ALp-ssarrour * [(SBrLesgaour)” + (MTEpLouti) ]} A6
{0.10 + [(0.548)° + (0.19)7%)

0.68% span
(0.68%/100%)(10 Vdc)
0.068 Vdc for all three transmitter loops

nmnnwnnn
[ e o s e o o

Since this calibration is a partial loop (not including the input tolerance) the AF_oopstLout Value will be
revised to the following tighter tolerance:

AFpL.seTouT = £ 0.68 % span = +0.068 Vdc

e. NNI Alarm and Interlock — Partial Loop

AFpLgsairour = £ [(ALpLgsaLiour) ; [(SBPL-BEQ/A:OUT)Z + (MTEpL.our )2]1/2 A7
=+{0.14 + [(0.548)" + (0.19)]}

=+ 0.72% span

=+ (0.72%/100%)(10 Vdc)

=+ 0.072 Vdc for RC-3A-PT3 loop

Since this calibration is a partial loop (not including the transmitter values) the AF_oopstL.ouT Value will be
revised to the following tighter value:

AFPL-BSALI:OUT =1 0.72 % span = +0.072 Vdc

f. Plant Computer, RECALL & SPDS

{AL oorrecaLLout * [(SBpLasaaour)’ + (MTELoop.our)]"
{0.45% + [(0.548) + (0.190)*]"

1.03% span

1.03%(2500 psig)

25.8 psig

AFLOOPRECALL:OUT

(TR T
H o+

Since this is a new split loop calculation and prior calibrations have included the transmitter input the
calculated AF will be used. Therefore:

AF ooprecaLL-out =  1.03% span = + 25.8 psig
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g. Pressure Recorder

{ALLoopprout * [(SBPL-BSBZA:QUT)2 + (MTE oop.our)1"}
{1.0 + [(0.548)% + (0.190)"]"4

1.58% span

(1.58%)(2500 psig)

39.5 psig for RC-3A-PT3 and RC-3B-PT3 loops

AFLOOPPR:OUT

nun nnn
[ e o

Since the recorder can only be read to 25 psig (¥ minor scale division), the "As-Found" tolerance for the
recorder will be rounded up to + 50 psig or 2.0% span. Since this is a new split loop calculation and prior
calibrations have included the transmitter input the calculated AF will be used. Therefore;

AFoorprOUT =+ 2.0% span = * 50 psig

h. Output to T'Sat.

AFLOOPTSAT:OUT == {ALLOOPTSAT:OUT + [(SBPL-BSBA:OUT)2 + (MTELOOP:OUT)Z]H2
= +{0.14 + [(0.548)* + (0.19)*]"3

=+ 0.72% span

=+ 0.72%(2500 psig)

=+

18.0 psig

Since this is a new split loop calculation and prior calibrations have included the transmitter input the
calculated AF will be used. Therefore:

AFLOOPTSAT:OUT =1 0.72% span = + 18.0 psig

i. RIP Indicators
AFoopprout {ALLooppr.out + [(23|3F>L-|35|3Aéo1l7g)2 + (MTELOOP:OUT)Z]“z}

{2.00 + [(0.548)" + (0.19)"] “}

2.58% span

(2.58%)(2500 psig)

64.5 psig for RC-3A-PT3 and RC-3B-PT3 loops

TR TR TR TR
H

Since the Indicator can only be read to 25 psig (% minor scale division), the "As-Found" tolerance for
the Indicator will be rounded up to + 75 psig or £ 3.0% span. Therefore:

AFoopprour = %3.0% span = + 75 psig
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5. CALIBRATED LOOP ERRORS
a. TRIP Bistable Actuation HPI/LPI ACTUATION

NOTE: The resistor bias is not include in the scaled trip unit (See DI19) and the accident E, qcopsTiacTta
values will be used.

Instrument loop errors that are associated with the HPI and LP! trip and alarm function are being calculated
using the Category “A” (Partial Loop) graded approach. The formula that will be used for the calibrated loop
errors is as follows:

ACCIDENT

CELoorin + [(Ecoorn)? + (AFLoop)T*

CELoop.out = % [(Eprps)’ + (AFpLas)’ + (EBs)2 + (AFBS)2]1/2

_ 2 21112
CELooptotat = % [(CELoop:n)” + (CELoor:out)] - * Eprocessin * Egiasin  Egias:out

[(ELoorpriactn)’ + (AFLooperan) 1"
[(0.91)* + (0.56)4"*

£ 1.07% span

(1.07%)(2500 psig)

26.8 psi

CELOOPBT:IN

+ H H+

[(EpLasacraour)’ + (AFpLpssriout)’ *+ (Essacraour)’ + (AFessraour)’]™
[(0.41)* + (0.68) + (0.19)* + (0.26)*]"2

0.86% span

(0.86% span)(2500 psig)

21.5 psi

CELooesT0UT

non
E H |+ + H

[(CELogrer:n)’ + (CELoopeTour)’1"”
((1.07)* + (0.86))"?
1.37% span
(1.37%)(2500 psig)
34.3 psig for all three transmitter loops

CELOOPBT:TOTAL

H o+ e

H+ 1+

b. Pressure Recorder
Normal (CEL_oopprn:TOTAL)

CELOOP:IN

NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.

CE_o0p:n = £[(ELoopin) + (AFLOOP:IN)Z]VZ
CELoopprN:IN = i[(ELOOPPTN:IN)z + (/‘\FLOOPPT:IN)Z]“2
= +[(0.60)° + (0.56)%""
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=+ 0.82% span

CELoopprN:N =+ 0.82% span
CELoor:.our - NOTE: The OUT function is Category B:

Al oorpr.out (1.0% span) is greater than SRSS of the Reference Accuracy of the components in
the split loop (0.51% span) and1the AFooppr:out (2.0% span) is greater than (ALspyrioop + [(2/3
MTEgpLmioor)® + (SBspuirLoor) ] = 1.58% span), Therefore Equation #1 of Category B will be
used;

CELoor-out = #[(ELoor-our)’ + (AFLoorour *+ [(2/3 MTELoop.our)’ *+ (SBroorour)1"? )1

CELoopprnoUr = +[(ELOOPPR(N):OUT)2 + (AF oopprouT * [QZ/ 3 MTELOOP:OUT)2 +(SBPL-BSBA:OUT)2]1/2)2]”2
= +[(1.24)* + (2.0 + [(0.13)* + (0.548)°]"%)"2
=+285
=+ 2.85% span

CELOOPPRN:OUT (285%) is greater than AFLOOPPR:OUT (20%) Therefore;
CELoopprriour = £2.85% span

CELoorprN:TOTAL = +[(CEL09PPRN:IN)2 by 1$9ELOOPPRN:OUT)2]1I2 + Ereseias) DI19
= +[(0.82)% + (2.85) "%+ 0.34
=+297+0.34
= + 3.31% span for RC-3A-PT3 and RC-3B-PT3 loops
= ¥3.31%(2500 psig)
=+ 82.8 psig

CEL00PPRN-TOTAL - [(CELOS)PPRN:IN)Z + SCELOOPPRN:OUT)Z]Hz

- [(0.82)% + (2.85)%]"

- 2.97% span for RC-3A-PT3 and RC-3B-PT3 loops
= - 2.97%(2500 psig)

=-74.3 psig

Accident (CE, ooppr1.97:ToTAL)
CELoor:n
NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CELOOP:IN = i[(ELOOP:IN)2 + (AFLOOP:IN)Z]V2

[(ELoopprirer)’ + (AFLooppran)]"

+
+[(4.49)% + (0.56)%]"2
+4.53% span

CELOOF’PR197:IN

CELOOPPR197:IN

CELoor:out - NOTE: The OUT function is Category B:
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AL ooerrout (1.0% span) is greater than SRSS of the Reference Accuracy of the components in
the split loop (20.51 % span) and1the AFoopprout (2.0% span) is greater than (ALspi1i00p + [(2/3
MTEgpLimoor)’ + (SBspLioor)’]” = 1.58% span), Therefore Equation #1 of Category B will be
used;

CELoor.out = #[(Evoor:out)’ + (AFLoorour + [(2/3 MTE oop.our)® + (SBroorour)1"? )%

CELoopprie7:0ur = +[(EL00PPR(197):0%T2122'; gé\FLOOPPROUT +[(2/3 MTELOOP:OUT)2 +
(SBpL. %SBA:OUT) ] ) 122t/
= +[(1.32)° + (2.0 + [(0.13)" + (0.548)1 )]
=+ 2.88% span

CE_oorprisrour (2.88%) is greater than AF ooppr.out (2.0%). Therefore;
CELoopprisrour = 12.88% span

CELooprr1e7:TOTAL = +[(CEL09PPR197:IN)§ '1';2(CELOOPPR197:OUT)2]1/2 + Eresaiag) + 1E1%1 97
= +[(4.53)" + (2.88)°] “+ 0.34 + 0.56
=+537+0.34+0.56
=+ 6.27% span for RC-3A-PT3 and RC-3B-PT3 loops
= ¥6.27%(2500 psig)
=+ 156.8 psig

= '[(CELogppmgrlN)2 + (CE oopprisr-oun) 1" % - Asense-une - IE2%1 o7)
= {(4.53)° + (2.88)4"% 0.09 -0.36

=-5.37-0.09-0.36

= - 5.82% span for RC-3A-PT3 and RC-3B-PT3 loops
=-5.82%(2500 psig)

= - 145.5 psig

C ELOOPPR1 97.TOTAL

c. Plant Computer, RECALL, & SPDS
NORMAL (CELOOPRECALLN:TOTAL)
CE L oop:n
NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CELoopin = +[(ELoor:n)” + (AFLoopan) T

CELOOPRECALLN:IN [(ELOOPPTN)2 + (AFLOOPPT:IN)Z]U2
[

(0.60)% + (0.56)%"2
+0.82% span

*
+

CELOOPRECALLN:IN

CEyoop:.out - NOTE: The OUT function is Category B:

The AL ooprecaLLout (0.45%) is equal to the SRSS of the Reference Accuracy of the components
in the split loop (0.45%), Thezrefore, Category B Eguation #3 will bzq/zused.
CEloorour  =x[(ELoorour)” + (2/3 MTE oop.our)” + (SBroor:out)1” £ Egias:out

= 2 2 21172
CELOOPRECALLN:OUT - i[(ELOOPRECALLN:OUT) + (2/ 3MTELOOP:OUT) + (SBPL-BSBA:OUT) ]
Rev. 6/95 RET: Life of Plant RESP: Nuclear Engineering
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+[(0.60) + (2/3(.190))% + (0.548)]"?
+ 0.82% span

CELoorrecaLinout (0.82%) is less than AF ooprecaLL.out (1.03%). Therefore;

CE_ooprecaLLn:ouT =+ AF ooprecaLL:0UT

=+ 1.03% span

CELooprecaLlnTOTAL = +[(CEL09PRECALLN:5\1)2 + (CELooprecaunout) ]2 + Eres@ias)
= +[(0.82)" + (1.03)°]"? + 0.34
=+1.32+0.34
=+ 1.66% span for RC-3A-PT3 and RC-3B-PT3 loops
= +1.66%(2500 psig)
=+ 41.5 psigq

CELoopReCALLNTOTAL = '[(CELOS)PRECALLN:NIZZ*‘ (CELOOPRECALLN:OUT)2]1/2
=(0.82)" + (1.03)]
=-1.32
=-1.32% span for RC-3A-PT3 and RC-3B-PT3 loops
=-1.32%(2500 psig)
= - 33.0 psig

ACCIDENT (CE_ooprecALLA:TOTAL)

CE_oor:n

NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CELOOP:IN = i[(ELOOP:IN)2 + (AFLOOP:IN)Z]V2

CELOOPRECALLA:IN = i[(ELOOPPT1!-37)2 + (AFLOOPPT:IN)Z:'“2
= + [(4.49)% + (0.56)7"?

CEiooprecaain = 14.53% span
CE_oop:out.NOTE: The OUT function is Category B:

The AL oorrecart-out (0.45%) is equal to the SRSS of the Reference Accuracy of the componehts
in the split loop (0.45%), Therefore, Category B Equation #3 will be used.

CEvLoop:out =i[(ELOOP:OUT)2 +(2/3 MTELOOP:OUT)2 + (SBLOOP:OUT)Z]%
CELooprecainour = H(Evoopgecanoun)’ + (2/8MTEigapour)” + (SBeLasanour) 1™
= +[(0.75)° + (2/3(.190))? + (0.548))]
=+0.94
CELooprecaLLAOUT =+ 0.94% span

CE\LooPRECALLA:OUT (094%) is less than AFLOOPRECALL:OUT (1 03%) Therefore;

CELoopRrecALLA:OUT = + AFooprecaLL:oUT
=+ 1.03% span
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CELooprecaLlaToTAL = +[(CELO§)PRECALLA:£N)/22+ (CELOOPRECALLA:OUT)2]1/2 + IE1%(1.97) + ERES(BIAS)
+[(4.53)" + (1.03)°]"“ + 0.56 + 0.34

+4.65+0.56 + 0.34 :

+ 5.55% span for RC-3A-PT3 and RC-3B-PT3 loops

+5.55%(2500 psig)

=+ 138.8 psiqg

= '[(CELOOPRECALLA:EN)Z + (CELOOPRECALLA:OUT)Z]U2 = ASENSE-LINE = IE2°/°(1.97)
= -[(4.53)" + (1.03)*]"? - 0.09 - 0.36

=-4.65-0.09 — 0.36

=-5.10% span for RC-3A-PT3 and RC-3B-PT3 loops

= -5.10%(2500 psig)

= - 127.5 psig

CELOOPRECALLA:TOTAL

d. Output to T’Sat.

NORMAL (CE_ocoprsatn:ToTaL)

CE,oop:In

NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CELoor:n = +[(ELoopan)’ + (AFLoopan) T

CELOOPTSATN:IN i[(ELOOPPTN)2 + ('A‘FLOOPPT:IN)ZTI2
+

= +{(0.60)* + (0.56)"?
=+0.82% span

CELooprsatnin = £0.82% span
CE oor.our-NOTE: The OUT function is Category B:

The AL oortsatout (0.14%) is equal to the SRSS of the Reference Accuracy of the components in

the split loop (0.14%), Therefore, Category B Equation #3 will be used.
CELoor-our =[(ELoopour)’ + (2/3 MTELoopout)’ + (SBroorour)”
[(ELooptsamvour)’ + (2/3MTEoopour)’ + (SBpLsssaour)]"?

=4
=+ [(0.42)% + (2/3(.190))? + (0.548)%'?
=1 0.70% span

CELOOPTSATN:OUT

CELOOPTSATN:OUT

CELQOPTSATN;QUT (070%) is less than AFLOOPTSAT:OUT (072%) Therefore;

CE_oopTsatn:out =+ AF oopTsaT.ouT
=+0.72
=1 0.72% span
2 2112
CELooPTSATN.TOTAL = +[(CELO£)PTSATN:IN) + (CELooprsatvour)] ~ + Eres@ias)

= +[(0.82)" + (0.72)4"% + 0.34

RET: Life of Plant RESP: Nuclear Engineering
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=+1.09+0.34

=+ 1.43% span for RC-3A-PT3 and RC-3B-PT3 loops
= +1.43%(2500 psig)

= + 35.8 psiq

2 29172
CELOOPTSATN:TOTAL (CELOQPTSATN:IN) + (CELOOPTSATN:OUT) ]

(0.82)* + (0.72)4"2
- 1.09% span for RC-3A-PT3 and RC-3B-PT3 loops
-1.09%(2500 psig)

- 27.3 psig

|
at

o nu

ACCIDENT (CE ooprsata:ToTaL)

CE_oor:In

NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CEvooran = +[(Eroop:n)” + (AFLo0pun)T”
[(ELoorprie7)’ + (AFLooper:n)’1™

=t
= + [(4.49)% + (0.56)°]"?
=+ 4.53% span

CELOOPTSATA:IN

CELOOPTSATA:IN

CEyoop.our.NOTE: The OUT function is Category B:

The ALLooprsatout (0.14%) is equal to the SRSS of the Reference Accuracy of the components in
the split loop (0.14%), Therefore, Category B Equation #3 will be used.

CEioorour  =#[(Evoorour)’ * (2/3 MTE oop.our)” + (SBLoorour)T*

CELoopTsataout =+ [(ELooprsataour)” + (2/3MTE oop.our)’ + (SBeLassaour)]"
= +[(0.43) + (2/3(.190))% + (0.548)*]"*

=+ 0.71% span

CELOOPTSATA:OUT (071 %) is less than AFLOOPTSAT:OUT (072%) Therefore;

CELoopTsataout =+ AF_oopTsaToUT
=+0.72% span

+[(CEL09PTSATA:IN)§ '1"12((;ELOOPTSATA:OUT)Z]H2 + |E1 %(1.97) + ERES(BIAS)
+[(4.53)° + (0.72)4"* + 0.56 + 0.34

+4.59+0.56 +0.34
+ 5.49% span for RC-3A-PT3 and RC-3B-PT3 loops
+5.49%(2500 psig)

=+ 137.3 psiq

CELOOPTSATA:TOTAL

= '[(CELOZOPT?ST;:IZN))% 1‘;'2 (CELOOPTSATA6:OUT)2]1IZ - Asense-LINE - 1E2%1.07)
= {(4.53)" + (0. -0.09-0.3
=-4.59-0.09-0.36

C ELOOPTSATA:TOTAL

RET: Life of Plant RESP: Nuclear Engineering
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= - 5.04% span for RC-3A-PT3 and RC-3B-PT3 loops
= -5.04%(2500 psig)

= -126.0 psig
e. RIP Indicators
NORMAL (CE,; ooppin:ToTAL)
CE oop:n
NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.
CELoor:n = #[(ELooran)’ + (AFLoorin) 1™
(ELooerr)” + (AFLooppr:n)’]"

|
+[(0.60)* + (0.56)7"?
+0.82% span

CELOOPPIN:!N

CELOOPPIN:IN =+ 0.82% span
CEoor:out.-NOTE: The OUT function is Category B:

The AL ooeri-our (2.00%) is greater than the SRSS of the Reference Accuracy of the components
in the spilit loop (1.01%), and AF oopriout (3.00%) is greater than (AL oopprout + [(2/3
MTE_oop.out)’ + (SBLooreaout)]” (2.58%), Therefore Category B Equation #1 will be used.

CEloopour = #H(ELoorout)’ + (ALLoorour * [(2/3 MTE oop.our)® + (SBLoor-our) )4

CELOOPPIN:OUT = i[(ELOOPPI(N):OUT)22 1/+ 2('3\LLOOPPI:OUT + [(2/ 3 MTELOOP:OUT)2 +
(SBPL-BiBA:OUT) ] ‘ ‘

[(1.49)° + (2.0 + (2/3(.190))* + (0.548)*]"2

2.96% span

t
*

CE ocorein:out (297%) is less than AF_oopprout (300%) Therefore;

CELOOPPIN:OUT =+ AFLOOPPI:OUT
=+ 3.00% span

CELoorpinToTAL = +[(CEL09PPIN:IN)2 "; Q%ELOOPPIN:OUT)z]“2 + Eres(pias)
= +[(0.82)" + (3.00)°]"“ + 0.34
=+311+0.34
= + 3.45% span for RC-3A-PT3 and RC-3B-PT3 loops
= +3.45%(2500 psig)
= + 86.3 psig

CELooppiNTOTAL = '[(CELOQPPIN:IN)Z + gCELOOPPIN:OUT)z]“Z
-[(0.83)* + (3.00)*]""
- 3.11% span for RC-3A-PT3 and RC-3B-PT3 loops
-3.11%(2500 psig)
-717.8 psig
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ACCIDENT (CE_ocoppia:ToTAL)

CELoor:n

NOTE: The transmitter is a Category A, Therefore the Category A equation will be used.

CEroor:n = +[(ELoopan)’ + (AFLoopan) T

CELooprian =t [(ELOOPZPT1 97)2 + (z'°\1'/'_2L00PPT:|N)2]”2
=+ [(4.49)" + (0.56)7]

CELOOPPIA:IN =+ 4.53% span

CELoor:.our-NOTE: The OUT function is Category B:

The AL oorriout (2.00%) is greater than the SRSS of the Reference Accuracy of the components
in the Sp'lt |00p (1 01%), and AFI_QQPPkOUT (300%) is greater than (ALLOOPPI:OUT + [(2/3
MTELOOP;OUT)2 + (SB._OOPBA:OUT)Z]/‘ (2.56%), Therefore Category B Equation #1 will be used.

CELoop:0ut = i[(ELOOP:OUT)Z + (AL oop:out + [(2/3 MTELOOP:OUT)2 + (SBLOOP:OUT)Z]%)Z]VZ
CE_ooptriaouT = i[(ELOOPPI(197):ou2T)y2 + 15ALLOOPPI:OUT +[(2/3 MTE oop.our)’ +
(SBPL-B§BA:OUT) T

+ [(1.51)% + (2.0 + (2/3(.190))* + (0.548)*]"2
+ 2.97% span

CELOOPPIA:OUT (298%) is less than AFLOOPPI:OUT (300%) Therefore;

CE_ooppia:our =+ AFLoopprour
=+ 3.00% span

CELooppiatotaL = +[(CEL09PPIA:IN)2 "‘2 (I%ELOOPPIA:OUT)z]“z + |E1%1.97* Ereseias)
= +[(4.53)° + (3.00)]"“ + 0.56 + 0.34
=+ 543 +0.90
= + 6.33% span for RC-3A-PT3 and RC-3B-PT3 loops
= +6.33%(2500 psig)
=+ 158.3 psiq

CELooppiaTotaL = '[(CELOS)PPIA:IN)Z * (lCELOOPPIA:OUT)2]1/2 - ASENSE-LINE - |Ez°/0(1.97)
= [(4.53)" + (3.00)3"%- 0.09 - 0.36
=-543-0.45
=-5.88% span for RC-3A-PT3 and RC-3B-PT3 loops
= -5.88%(2500 psig)
= - 147.0 psig

f. - NNI Alarm and Interlock Contacts
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Instrument loop errors that are associated with the HPI and LP! trip and alarm function are being
calculated using the Category “A" (Partial Loop) graded approach. The formula that will be used for
the calibrated loop errors is as follows:

CELoop:n =z [(EL00|=:|N)2 + (AFLOOP:IN)zl%
CELoop.0ur =z [(EPL-BS)Z + (AFPL-BS)Z + (EBs)2 + (AFBS)2]1/2
CELooprota = % [(CEroopi)’ * (CELoop.our)’]"™ % Eprocessin * Esmsin * Esms:our

CELoorauin = * [(ELoopernum)’ + (AFLOGPPT:IN)2]1/2
= + [(0.60)* + (0.56)*
=41 0.82% span
+ (0.82%)(2500 psig)
+

[(EpLasanour)” + (AFpLasauiour)” + (Essaunour)” + (AFssavour) 1"
[(0.42)* + (0.72)% + (0.25)% + (0.26)%'*

0.91% span

(0.91% span)(2500 psig)
228 psi

C ELOOPAL:OUT

I nnn
E— H |+

CELoopaLotar =+ [(CELOQPAL:IN)Z +2(1CIZELOOPAL:OUT)2]1/2+ Eres@ias)
=+ ((0.82)" + (0.91)7) “ +0.34

=+ 1.57% span
=+ (1.57%)(2500 psig)
= + 39.3 psiq for RC-3A-PT3 Loop

CEioopactorar = - [(CELogpain)” + (CELoopauour)]"™
= - ((0.82)° + (0.91))

=-1.23% span
- (1.23%)(2500 psig)
- 30.8 psiq for RC-3A-PT3 Loop

6. LOOP RESPONSE TIME
The time response for both the HPI and LPI actuations are the same since the same modules are involved
in each actuation. Using values from DI7 and DI44, the following loop response time (RT,) applies to all
three channels of ESAS and for both HPI and LPI:
RT. =RTpr+ RTga + RTer
=0.2sec+ 1sec+0.1sec
=1.3sec

7. HPI/LPI Trip/Bypass Instrument Setpoints:
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HPVLPI Trip

The setpoints for TRIP Bistable Actuation HPI/LPI ACTUATION using CE oopsr-ToTaAL (Section 5.a.) are
calculated as follows:

The current philosophy on establishing inplant setpoints (SP) is to back off from the analytical limit (ANL) by
the amount of the calibrated loop error (CE) which includes the "As-Found" tolerance (SP.p, = ANL, g +
CEyooperTotar). Ideally, the Improved Technical Specification setpoint (ITS) is offset from the inplant
setpoint by the amount of the "As-Found" tolerance (AF). This approach assures plant maintenance
personnel that as long as the "As-Found" value can be achieved, the Improved Technical Specification
value will not be exceeded (SPyp; = ITS 5 + AFgTL).

Since no analytical limit currently exists for LPI, the Improved Technical Specification value of 500 psig will
be used.

Since LPI actuates on a decreasing RCS pressure signal, the actual inplant LPI setpoint is to be set above
the Analytical Limit by the amount of the calibrated loop error (CE oorer107aL). The value of this error is
added to the Analytical Limit to arrive at an inplant LPI setpoint. Therefore, the inplant LPI setpoint is:

SPp = ANL,p| + CE_oopsrTOTAL
= 500 psig + 34.3 psig
= 534.3 psig
=[(534.3 psig)/(2500 psig)](10 Vdc)
=2.137 Vdc

To maintain the existing setpoint of 560 psig,a margin of 25.7 psig will be added to the calculated setpoint
for ease of setting. Therefore:

SP'p = SP.p + Margin
= 534.3 psig + 25.7 psig
= 560 psig
= [(560 psig)/(2500 psig)](10 Vdc)
=2.240 Vdc

Since HPI actuates on a decreasing RCS pressure signal at an Analytical Limit (ANLyp) of 1625 psig, the -
actual inplant HPI setpoint (SPyp)) is to be set above 1625 psig by the amount of calibrated loop error
(CELoopToraL). The value of this error is added to the Analytical Limit as follows:

SI:’HPI =AN I-HPI + CELOOPBT:TOTAL
= 1625 psig + 34.25 psig
= 1659.25psig
=[(1659.25 psig)/(2500 psig)](10 VDC)
=6.637 VDC

To establish a new HPI setpoint of 1665 psig, a margin of 5.75 psig will be added to the calculated setpoint.
Therefore;

SP'4pi = SPyp; + Margin
= 1659.25 psig + 5.75 psig
= 1665 psig
= [(1665 psig)/(2500 psig)](10 Vdc)
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= 6.660 Vdc

HPI/LPI Bypass & Reset

RC-3-BT4, BT5, & BT6 “HPI Bypass Permit” =[(1770 psig)/(2500 psig)](10 Vdc) Dl45
= 7.080 Vdc
“HPI Bypass Reset” =[(1795 psig)/(2500 psig)}(10 Vdc) Dl45
=7.180 Vdc
RC-3-BT10, BT11, & BT12  “LPI Bypass Permit” =[(850 psig)/(2500 psig)](10 Vdc) Dl45
=3.400 Vdc
“LPI Bypass Reset” =[(875 psig)/(2500 psig)](10 Vdc) Dl45
= 3.500Vdc Vdc

8. NNI Alarm and Interlock Setpoints

The calculated setpoint for the NNI Alarm and Interlock Contacts using CE oopaLToTaL (Section 5.f) applies
only to those alarms described in DI46 dealing with the CF isolation valves. The setpoint for the alarm to
close the CFT valves will be established using the maximum CFT nitrogen pressure of 638.3 psig (D146). To
assure the alarm is activated before 638.3 psig is reached on a decreasing pressure signal, the positive
CE_oopaLTotaL Value could be added to the ITS value (using the approach used for the other setpoints);
however, this approach would result in a higher setpoint for the low alarm than for the high alarm and
confuse the operator. To avoid this, high and low setpoints will be established by backing off the values
given in the ITS by the "As-Found" value for the loop.

AFLOOPAL:TOTAL = [(AFLOOPPTNA:IN)2 + sAFLOOPALL:OUT)Z]U2
=[(0.57)? + (0.77)4"?
= 0.96% span
=(0.96%)(2500)
= 24.0 psig

The ITS value of 750 psig (DI46) will be used to establish a setpoint for the alarm to open the valves.

SPcrg = |TS — AFLoopaLToTAL
=750 psig — 24.00 psig
=726 psig

An additional setback of 23.5 psig will be included to allow the continued use of the existing inplant setpoint
of 702.5 psig. '

SP‘CF(H]) = SPCF(HI) - Additional Setback
=726 psig — 23.5 psig
=702.5 psig
=[(702.5 psig)/(2500 psig)](10 Vdc)
=2.810 Vdc

As mentioned above, the 638.3 psig value will be used to establish the low setpoint.
SPcrio) = ITS + AF oopaLToTAL
: = 638.3 psig + 24 psig
= 662.3 psig
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An additional setback of 27.7 psig will be included to allow the continued use of the existing setpoint of 690
psig.

SP'CF(LO) = SPCF(LO) + Additional Setback
=662.3 psig + 27.7 psig
= 690 psig
=[(690 psig)/(2500 psig)](10 Vdc)
= 2.760 Vdc
RC-3A-PS6 (1740 psig)/(2500 psig)](10 Vdc) DI46
6.960 Vdc

RC-3A-PY4 [(1675 psig)/(2500 psig)](10 Vdc) DI46

6.700 Vdc

RC-3A-PS5 = [(750 psig)/(2500 psig)](10 Vdc) DI46
= 3.000 Vdc

RC-3A-PS7 = [(200 psig)/(2500 psig)](10 Vdc) DI46
= 0.800 Vdc

9. LTOP Setpoint

According to Reference 11, the ITS value for LTOP initiation is 457 psig with an inplant setpoint of 442.6
psig. There is no ITS value for the LTOP alarm. As stated in DI46, the LTOP alarm setpoint will be
considered as a nominal value. This is consistent with the Graded Approach established by Revision 2 of
Reference 25. The LTOP alarm setpoint is being classified as a Category D under the Graded Approach
since it is part of a defense-in-depth strategy complimenting other alarms/indications to allow the operator to
terminate a Low Temperature Over Pressurization (LTOP) event. The LTOP actuation of the PORV
provides the redundant protective function. The alarm serves to provide an early indication of an impending
LTO event and to transfer a recorder to high speed to record the event. Prior to the issuance of [-97-0005
(being superseded by 1-97-0015), the previous LTOP alarm setpoint (500 psig) was set 50 psig below the
previous LTOP initiation setpoint (550 psig). With the LTOP setpoint initiation change made by 1-97-0015,
this 50 psig differential was retained. Therefore, the LTOP alarm setpoint was chosen as 392.6 psig.

LTOP Alarm =[(392.6 psig)/(2500 psig)}(10 Vdc)
=1.570 Vdc

The LTOP ITS value will change from 457 psig to 454 psig and the inplant setpoint will change to from 442.6
psig to 441 psig (Reference 11) after implementation of the 32 EFPY LTOP analysis. Because the alarm
setpoint is considered a nominal value per Category D under the Graded Approach methodology of
Reference 25, it will remain at 392.6 psig after implementing the new inplant setpoint of 441 psig. The 1.6
psig reduction in margin between the PORYV actuation setpoint and the alarm is insignificant when
considering operator actions are based on indicators with readability resolution no better than + 25 psig.
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VII. ATTACHMENTS:

1. Analysis of the Model 1153 Series D Transmitters to 420°F for Three Minutes, Rosemount Report
108220A, Revision A (6 Pages)

2. Excerpt from Ohmite Catalog #101, 1980 (1 page)

3. Rosemount Inc letter to FPC (Dave Owen), dated 10/23/91 (1 page)

4. B&W Nuclear Technologies Letter FPC-95-027, Doc. No. 51-1234893-00, Revision 0 (6 pages)
5. IR Analysis for RC Pressure Loops (3 pages)

6. Deleted

7. Vendor Qualification Package (VQP) TERM-R098-04, TAB14, Thermal Lag Through Raychem
WCSF (1 page)
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ANALYSIS oF THR TODEL 1153 33PIRs n TR2ANSMTTT=D
TO 420 F ©0OR TURER MINU™RA
RUT RTPORT 1032204

NEVISION A

SCO2%

The 1153 Series n transmitter was testeAd dAurinag aualification
to the following steam temnerature/nressure nrofile: 350 e,
85 nsiq For 10 minutes; 320 =, g0 nsig for 3 hours; 21490 e, 27
nsiq for 21 hours; 175.4 ", 3 nsia foar 30 davs, Mhere are
numerous annlications where a LOCA condition will cause hiqgh
temnarature transients in excrss of 359 r, For these
annlications it {s necassary to have a transmitter that is
ualifiel to onerate ahove 359 F for short time veriods. mha
intent of this remort is to justifv raisinq thae temnerature
limit Aduring a 1noCa condition to 429 v fap 3 minutes,

followed by 350 F for 7 minutes in nlace o€ the 1152 Saries n

3team nrofile of 350 F for 10 minutes,

REFERENCES

420 T Temmerature Test Results, Mo-del 1153 Series 1, Rum
Renort 482237, Rev, tione,
1153 Seriesz n Nualification Test Renort (nendina) .,

oART )

Attachment 1
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Internal Therma} Response of Transmitter Housings to Steanm

Impingement, Rosemount models 1153 Serjes B and D, RMT Report

78212! ReV. AQ

ANALYSIS

The 1153 Series p transmitter is virtually identical to the
1153 Series B transmitter, The only differences are: 1) the
use of an elev. /supp. switch VS. jumper wires, and 2)
different electronics housings, The 1153 Series B is
intended for Bwgr anpplications (ang Out-of-containment PWR
applications) ang has an aluminum housing. The 1153 Series D
is intended for PWR applications and has 3 Stainless stee]
housing. Fuhctionally, they are identical, therefore, the
420 F temperature test performed on the 1153 sSeries B will
provide the basisg for justifying a 420 F temperature spike
for the 1153 Series D,

A test was Setup to expose seven 1153 Series B transmitters
to superheated steam at 420 F for 3 minutes. The
transmitters hagq previously been €xposed to 24.4‘ megarads
gamma radiation anqg two steam temperature/pressure tests
typical of a Bwr. Radiation shielding for stainless steel is
about twice the value for aluminum, therefore 24,4 megarads

°n  an aluminum housing isg approximately equivalent to 50

megarads on a Sstainless steel housing,

[-89-0014, Rev. 9, LA | Rey, 00 e
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puring the test, thermocouple readings inside the steam
chamber  indicated the transmitters were exposed to
temperatures in excess of 435 F for more than four minutes.
The temperature transient from room temperature to 420 F took
approximately 1 minute to achieve. During the test, chamber
pressure was in excess of 115 psig for more than two minutes,

Throughout the test all seven units continued functioning and

the maximum errors were within the present LOCA specification

of + 8.0% of upper range limit,

Since the electronics housings are different, the temperature
effect on the electronics must be determined separately.
puring the 1153 Series B test, the maximum 'average
electronics board temperatufe was 326 F, (Ref. 2.1). Since
the electronics in the two models are identical, test results
will be identical if the 1153 Series D electronics board does
not exceed 326 F.

The time constant for the stainless steel housing used on the
1153 Series D 1is approximately 4.8 minutes. (Ref. 2.3).

Using this value, the electronics board temperature can be

determined as follows:

(Tl = T0) = (T2 -~ TO) (1 - exp(~t/TC))

Where:
TO = Temperature of the electronics board at time = 0
(= 70 F)
Tl = Temperature of the electronics board at time = ¢t
T2 = Temperature of the chamber at time = t {s= 420 F)
t = time (= 3 minutes)
TC = time constant (= 4.8 minutes)

1-89-0014,Rev.9 ), TCA, Rev. 00  __PAGE 3 _
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TL - 70 F = (420F - 70 F) (1 - exp(-3/4.8))
Tl = 233 F
The temperature of the electronics board will be
approximately 233 F after the transmitter has been exposed to
superheated steam at 420 F for 3 minutes. After the chamber
temperature is lowered to 350 F, the electronics board

temperature will continue to heat as follows:

Tl - TO = (T2 - TO) (1 - exvp(—t/TC))

where:
< TO = Temperature of the electronics board at time = 0
(= 233 F)
Tl = Temperature of the electronics board at time = t
T2 = Temperature of the chamber at time = t (= 350 F)

t = time (= 7 minutes)
TC = time constant (= 4.8 minutes)
Tl = 233 F = (350 F - 233 F) (1 - exp(-7/4.8))

Tl = 323 F

The temperature of the electronics board will be about 323 F
after the temperature profile of 420 F for 3 minutes,
followed by 350 F for 7 minutes. This is approximately the

temperature achieved during the 1153 Series B test.

CONCLUSION

There are situations where an 1153 Series D transmi;tgf could

see a 420 F temperature for 3 minutes during a LOCA

condition. Although the 1153 Series D has never been tested

to 420 F, the 1153 Series B transmitter was exposed to

1-89-0014, Rev. 9, ICA Rev. 00
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:)11[[“" 14 = P 1

the existing + 8,03 of unver rante limit [ney Snecificatiog

3

A4 the maximum temnerature of +he electronics was 324
M N 1] S BN

ana
The calculated maximum temnarature is 333 = for the 113-
h 82 PR N
Series N ~2lectronics exnosed Lo 420 © for 3 Tinutes, follouwea.
T 3 ’ tree

sv 350 7 for 7 minutes, The electronics and function o= ths
two models are identical, therefore bhy similaritv, tha 1133
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Series ™ woyulA continue to function Wwithin Snacification if
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Conformal Silicone
Axlal Lead Wirewound Resistors

Series 55 rcassie

Features :

¢ Low Temperature Coefficient

s High Dielectric Strength

* MIL-R-26 Approved Units Available

All Welded Construction .
Ideal for Machine Insertion

High Retiability '

1-89-0014, Rev. 9, I¢A, Rev. 00
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Specifications
Tolerance = 1% sid. = .05% 10 = 10% avaitable.

Temperature Coeflicient 1
= 20ppm/*C 10 ohms and above. .
£+ 50ppm/°C 1 10 9.99 ohms.

+90ppom/°C less than 1 ohm. g -a1'.18
Dielectric Withstanding Voltage 1000 VAC. (500 VAC for 1 ) %
watt size.) 129 | 1P |47k ] 7| o4 | a8 | 32| =
Overload 10X rated wattage for 5 seconds for 5 walt size 2 §82 | 487K | 408 | 103 | 219 | S8 2
and larger. 5X rated wattage fof under 5 watt size. 3 S8y | -—224K] 563 | w3 | 250 | 64 )
Inductance Standard unils have single layer inductive S $55_| V075K § 837 | 238 | 343 § &7 18
winding. Non-inductive (Aryton Perry or limited inductance) 4 357 | o110k | 1.200 | 325 | 43 | 6.7 "
windings available, 0 S50 | 1.0—223K | 1.843 | 468 | 408 | 109 10
Core Steatite ceramic SAGRASIL fs  soglatesed k1ade mark of Ghnide kig. Ca.

Coating Conformat silicone Ordering Data

To specify resistors see below. Available only as "made to

Deratings

order'’ items.

Waltage ratings are based on 25°C Free Air Rating. For Typical No §5-1-5-R5000~J
higher ambient temparaiures, use derating chart. ﬁme semesne. | 11 1 | touemance
100 identifies basic A= 5.,05%
resistor construction. 92 2.1%
WA'TAO‘ W= 2. 125%
C=2.25%
in Baw” Da25%
3=3IW Fax1%
g 525w G=22%
5 % 0=iow f::::.u.m
MISCELLANEOUS Not avaiisbis
F spz?:mcmous AOMNQUCING type,
+278 = Standard winding.
N Non-nductive winding. RESISTANCE VALUE
A = Decimel P1.
6 X = Decimal P1, and X1000
425450 +100 4150 +200 4280 +2300 +3%0 W
Arg.en| Temperature in Degress Cantgrade ‘m: is m
| R T,
/;f + . mw:glgm
FRon ‘*OHMiTE CATALDG 104 :
™ ATED 1980 \
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Analytical
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ROSEMOUNT oo

October 23, 1991

Florida Power Corporation
P.0O. Box 14042

St. Petersburg, FL 33733
Att: David owen, M/C C2I

Dear Mr. Owen:

Rosemount Ing.
12001 Tecnnology Orive
Eden Praing, MN 55334 y g a
Tel (612) 941.5560
Telex 4310012
© Fax (612) 828-3088

Enclosed please find a copy of Report 78212 as requested.
This report will apply to the Model 1154 and 1154 Series H

transmitters as well.

If you have any further questions please feel free to call

me at (612) 828-3100.

. Lien
Marketing Engineer
Rosemount Nuclear Products

enc: Report 78212

1-89-0014, Rev. 9, TC4, Rey, 00
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BSW NUCLEAR TECHNOLOGIES 3315 Oid Forest Feac

P.O. Box 10635

February 10, 1995 Lynchburg, VA 24506-0955
FPC-95-027 Telephone: 804-832-30CC
: Telecopy: 804-832-3653

Mr. W.W. Nisula, C2I

Manager, Nuclear Engineer
Procjects

Florida Power Corporaticn
3201 34th Street South
Post Office Box 14042

st. Petersburg, FL 33733

' Attention: Mr. S.K. Balliet

Subject: . Crystal River Unit 3
FPC Contract NPMO1lOAD, WA #1, Small Account Request #24
Task 616 -~ Reactor Cooclant Pressure ESAS Actuation Setpoints

Gentlemen:

Attached is BWNT Document 51-1234893-00 which is the deliverable for the subject
contract.

Should you have any questions or comments, please call me.

Very truly yours,

G 2Ll
R{L. Bldck
Customer Service Manager
Plant Engineering Projects

RLB/skg
Attachment

¢: P.E. Couvillon
R.J. Finnin
G.W. Christman
B.J. Shepherd
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BSW NUCLEAR
BwTECHNOLaG[ES ENGINEERING INFORMATION RECORD
e —

Document Identifier 51-1234893-00
Title Low & Low-Low Pressure ESAS Setpoints
PREPARED BY: REVIEWED BY:
Name J.c. seals, . =7 | Name R.H. Ellison

Signature _%ﬁé Date é/%b\_( Signature Z\.% 7/ Date Z/2/%~

Technical Manager Statement: Initials M

Reviewer is Independent.

Remarks:

The NRC is asking the Florida Power Corporation (FPC) questions relating to the low and
low-low reactor coolant system (RCS) pressure gsetpoints of the engineered safeguards
actuation system (ESAS). 1In particular, the current technical specification setpoint
may be violated when the setting tolerance is added to the calculated instrument
uncertainty and drift. FPC has asked BWNT to clarify the bases that should be applied
to the uncertainty calculation. In response, the following discussion is presented

herein.

' 1-89-0014, Rev. 9, TCA, Rev. 00
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Background

The NRC is asking the Florida Power Corporation (FPC) questions
relating to the low and low-low reactor coolant system (RCS) -
pressure setpoints of the engineered safeguards actuation system
(EsSAs) . In particular, the current technical specification
setpoint may be violated when the setting tolerance is added to the
calculated instrument uncertainty and drift. FPC has asked BWNT to
clarify the bases that should be applied to the uncertainty
calculation. In response, the following discussion is presented:

The ESAS monitors the reactor coolant (RC) and reactor building
(RB) pressures and will initiate emergency core coolant system
(ECCS) injection on indications of an accident. The design basis
accident that determines the low and low-low pressure setpoints is
the small break loss-of-coolant accident (LOCA). For the Crystal
River-3 plant, the in-plant low pressure setpoint is 1540 psig and
the in-plant low-low pressure setpoint is 540 psig. The allowed
plant technical specifications values are 1500 and 500 psig,
respectively for the low and low-low pressure setpoints (Ref.1l).
The primary function of the ESAS low pressure setpoint is to
initiate the high pressure injection (HPI) pumps, isolate the RB,
and isolate normal makeup and letdown flows. The primary function
of the low-low pressure setpoint is to initiate the low pressure
injection (LPI) or decay heat pumps. Once actuated, these
setpoints perform no other safety functions. Therefore, any
environmental conditions wused in determining the setpoint
uncertainty should only be based on the period of operability, or
the time from the beginning of the transient to the time of

actuation. '

In previous calculations, FPC has determined that the instrument
uncertainty for the low pressure ESAS setpoint is +39.25 psi. The
setting tolerance is +12.5 psi. In the worst case, then, the total
instrument error could be +51.75 psi and could result in an action
value (1488.25 psig) that is less than the allowed plant technical
specification setpoint (1500 psig). It should be stated that
although the plant technical setpoint may be violated following
these assumptions, plant safety is not compromised.

In order to justify the current in-plant setpoint, the NRC-approved
B&W approach for determining technical specification and in-plant
setpoints should be understood. The values modeled in the plant
design bases accident analyses were chosen to protect a safety
limit (e.g. 110 percent of the design pressure or limits on peak
clad temperature). The plant technical specification 1limit is
determined based on the specific instrument string errors
corresponding to the 1limiting environmental conditions for the
period of operability for a given setpoint function. The actual
in-plant setpoint should be set conservatively to the technical

Page 2 of 5
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specification value by accounting for instrument drift,
repeatability error, and setting tolerance.

In 1982, a preliminary safety concern was written (PSC 25-82). The
PSC related to possible delayed ESAS actuation. B&W issued a site
instruction (Ref. 2) for determining the plant low pressure ESAS
setpoint for the B&W-design plants operating with a rated core
power level of 2568 MWt or less. The guidance was based on the
Small break LOCA design basis accident analysis and determined that
the plant setpoint should be 1600 psig or 1480 psig plus the plant
specific total instrument uncertainty, whichever is greater. The
concern was transmitted to the individual utilities for their

evaluation.

The affected utilities generally chose to set the plant setpoints
based on 1480 psig plus plant specific instrument uncertainty
rather than following the B&W guidance to use 1600 psig. B&W
agreed with this position (Ref. 3). This is acceptable so long as
actuation of the low pressure ESAS setpoint can be guaranteed to
occur at an RCS pressure greater than 1480 psig as measured at the
hot leg pressure taps. For the Crystal River-3 plant, the minimum
allowed plant setpoint, or action value, should be 1531.75 psig
based on the existing calculated instrument error and setting
tolerance to ensure that the safety limits is preserved. Since the
actual plant setpoint of 1540 psig is greater than the minimum
allowed plant setpoint from the design bases accident analyses,

plant safety was not compromised.

Low RC8 Pressure ESAS Setpoint

For the low pressure ESAS setpoint, the limiting design basis
accident is a small break LOCA on the order of 0.01 ft?. For the
break size, the RCS will depressurize to the analysis actuation
setpoint within approximately 115 seconds (Ref. 4). The expected
integrated dose at 115 seconds is 250 Rad (Ref. 5). BWNT does not
have a specific calculation for RB building pressure and
temperature corresponding to a 0.01 £t? break, but a calculation for
a 0.04 ft? is available. The results for the 0.04 ft? case would be
conservative because of the higher mass and energy release. At 115
seconds for the 0.04 ft? break, the expected building temperature
is 180°F (Ref. 6). The instrument string error for the low RCS
pressure ESAS setpoint should be based on these environmental

conditions.

1-89-0014, Rev. 9, TCA, Rev. 00
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Low~Low RCS8 Pressure ESAS Setpoint

The low-low RCS pressure setpoint was based on a review of both
small and large break LOCAs. No specific calculations have been
performed to support the low-low RCS pressure setpoint. The
Justification of the setpoint was based on engineering evaluations
of the existing design basis accident analyses (Ref. 7). For small
break LOCA, the key factors are (1) does the event evolve to RCS
conditions that would challenge the low-low setpoint, and (2) if
the setpoint is reached, how long will it take the RCS pressure to
decrease to below the shut-off head of the LPI (or decay heat)
pumps? For large break LOCAs, the key factor is to verify that the
initiation of LPI flow to the RCS must occur no later than what was

considered in the accident analysis.

For the limiting size small break LOCA of approximately 0.07 ft?,
relative to peak clad temperature concerns, immediate actuation of
the low-low setpoint is not required. The RCS pressure will
decrease to near 600 psia. HPI and the core flood tanks are
adequate to maintain a two-phase mixture level above the top of the
active fuel region. Larger small break LOCAs will result in a
depressurization of the RCS to below the 1low-low pressure
setpoint, but these sizes are not limiting. Due to the steep
.depressurization rate, flashing of the saturated coolant will cause
the mixture to swell and the core will remain covered. For the
largest small break LOCA, 0.5 £t?, the 500 psia setpoint will be
reached at approximately 125 seconds. The RCS depressurizes to the
shut-off head of the pumps by about 200 seconds (Ref. 8). Since
the LPI pump start time is on the order of a few seconds (Ref. 8),
the small break LOCAs will not be the 1limiting breaks to be
considered when determining the low-low RCS pressure ESAS setpoint.

For large break LOCAs, it must be shown that the LPI injection time
credited in the existing calculations is preserved with the low-low
RCS pressure ESAS setpoint. The RCS pressure will decrease to 500
psia by approximately 18 seconds and to about 200 psia by 21
seconds into the large break LOCA transient. The RB pressure will
be less than 60 psia during this time. This is conservative in
that it bounds the maximum calculated RB pressure. The environment
will be saturated resulting in a temperature of less than 293°F.
From a dose perspective, Reference 5 can still be applied. The
title states that the integrated dose is for small break LOCAs, but
the method applied to the calculation is independent of the system
thermal-hydraulic response. The integrated dose was based on an
instantaneous release of 100 percent of the fuel gap and coolant
activities. Therefore, the same curve can be applied to determine
the integrated dose for the 1large break LOCA response. At
approximately 20 seconds into the event, the integrated dose is 50
rads (Ref. 5). The instrument string error for the low-low RCS
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pressure ESAS setpoint should be based on these environmental
conditions.

Conclusion

A review of existing documentation has been performed to determine
the dose and environmental conditions that should be applied to the
string error calculations for the ESAS low and low-low RCS pressure
setpoints. The period of operability for these setpoints was
considered in establishing the conditions. For the low pressure
setpoint, an integrated dose of 250 Rad and a temperature of 180°F
should be considered for a period of operability of 115 seconds.
For the low-low pressure setpoint, an integrated dose of 50 Rad and
a temperature of 293°F should be considered for a period of
operability of 20 seconds. As long as the instrument strings
associated with these setpoints can be qualified to these
conditions, then no additional dose contribution needs to be
considered in the string error calculation. '

References

1. Crystal River-Unit 3 Plant Technical Specifications, Table
3.3.5-1, Amendment 149.

2. B&W Document 51-1146255-04, Site Instruction for Oconee 1, 2,
3, ANO-1, CR-3.

3. B&W Document 51-1176207-00, HPI Setpoint Description.

4. Small Break Loss-of-Coolant Accident Analysis for B&W 177FA
Lowered Loop Plants in Response to NUREG-0737, Item II.X.3.31,
BAW-1976A, Babcock and Wilcox, Lynchburg, Virginia, May 1989.

5. B&W Document 32-1125564-00, Small LOCA Containment Integrated
Doses for 177 Plants.

6. B&W Document 86-1103119-01, Containment Response to a Small
Break LOCA. _

7. B&W Document 51-1172948-00, Reduction in LPI Start Signal.

8. ECCS Analysis of B&W’s 177-FA Lowered-Loop NSS, BAW-10103A,
Rev. 3, Babcock and Wilcox, Lynchburg, Virginia, July 1977.

1-89-0014, Rev. 9, ICA) Rev. 00
Attachment 4

Page 6 of 6
T o0 Page 5 of 5



— HARSH MILD
ez} M rec ,
©
TRANSMITTER _ i
REQ1 mm

.ﬂ 9 -3

L
g/

IS POWER v
- SUPPLY I_l

€]

E1
_mw% M REQ3

1600chm

- A

*5 Qd:aaﬂo..:onum;ozﬂo.m)..u._sg

IR ANALYSIS FOR RC PRESSURE LOOPS °

FIGURE 1

,Qe\/. 00

1-89-0014 Rev. 9 ICA

Attachment 5
Page 1 of 3



HARH MILD

)'Rev. 00

TRANSMITTER

IS

£ awm

IR ANALYSIS FOR RC PRESSURE LOOPS

1-89-0014 Rev. 9 ICA
Attachment 5
Page 2 of 3

POWER
SUPPLY

1600chm

L AAAA

* &  ohm resistor not part of RC-3A-PT4 clrouit

Figure 2



AR MILD
2
,v
©
TRANSMITTER .
T :
H t POWER
E1 SUPPLY
§ ovr
e

*5 ohmresistor not part of RC-3A-PT4 circuit

RANALYSIS FOR RC PRESSURE LOOPS
FIGURE 3

, Rev. 00

1-89-0014 Rev. 9 ICA
Attachment 5
Page 3 of 3



1-89-0014, Rev. 9, TCA, Rev. OO ATTACHMENT L-2

Attachment 7
Page 1 of 1

RECORD OF MEETING/TELECON

maasanliscdadaa LX ] <sA®w ICQCICQ-----.«---.----------—Q----ICIIIICICI-

gignature | X Telecon | Doc. No.t 330802-2.4-098
{ |
Datet 3/2/90 { Meating(Loc)| Dimtr.i: MDThomas
§/8/90 ( {
Page 1 of 1 { |
.ll-II‘I.IIIIIIICII.AQQIICIOI-l'dlIIICII.IIIIIIICIIOlI.l..Il.lll..ll
PROJECTs CR-3 8LB 8tudy PROJECT NO.1 3308-01

gUBJECT: Thezmal Lag Threugh Raychem WCsF

PARTICIPANTS (NAME/ORGANIZATION) S Gazy Will/Raychenm
gStave Pauly/TENEIRA
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SUMMARY (

Raychaa has not published data regazding thezmal 14¢ through WCEF-N tut
has parformed lsbozatory tests on a sample .consisting of a splice
constzucted of WC8F~200, It took approximately 12 minutes £or the
sample to come to equilibrium with a constant 225C envizoament. The
sollowing heat-up points were measured on the inside suzface and outside
surface of the splicet

fime(min)  Inside(c)  Quimide ()

0 50 50
1 90

1 126 147
3 186 168
4 177 184
s 189 190
¢ 199 201
7 206 209
8 210 213
3 215 116
10 217 247
11 220 320
12 223 323
13 224 224

Gary also noted that Raycheén products have proven sound during exposure
to high temperatuxze (442r) steam in the Wyle 58722 zepoxt sezies.
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ACTION ITEMS!

Raychem to signify concurrence with above data by sigaing belowt

Detcéé—_’t[@,
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