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REVISION 1 SUMMARY

This revision incorporates changes to the methodology for calculation Process
Measurement Accuracy (Pma) and Radiation (Re) Effecis. Since these changes
affected most pages (e.g. Form 1, Form 2, Form 3, References, Assumptions,
Methodology, etc.), a compiete revision of the calculation was done. Note that
the methodology changes incorporated into Revision 1 slightly modify the final
results, however, they do not modify the conclusions associated with the status
of the instrument setpoints
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PURPOSE/BACKGROUND

A. PURPOSE

This calculation is being performed to support Pilgrim Nuclear Power
Station (PNPS) Technical Specification changes required for a 24 month fuel
cvcle as described in NRC Generic Letter (GL) 91-04 (Reference 43)

The purpose of this calculation is to determine the setpoint and allowabie
value (Tech Spec value) required to support an increase in fuel cyde
duration from 18 months to 24 months for Reactor Wa.er Level Switches

115263-72A, B, C, D.
B. BACKGROUND

The low-low Reactor vessel water level switches, LIS263-72A, B, Cand D
trip ESF functions RCIC and ADS and also start the Standby Diesel
Generator at -46" vessel level. Core spray will also be initiated off these
switches if Reactor pressure is less than 400 psig or after a thirteen minute
time delay.
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II. DESIGN INPUTS/ASSUMITIONS

* See Detailed Calculanon (Section TV) for design inputs

» Level Transmutters LT263-72, A, B, C, D are calibrated using maximum no adjust limits
of 2 (.04 mA (2 .25% of span) over a range of 4-20 mA (Reference 21, 22). All measuring
and test equipment will be assumed to have a combined accuracy of # .25% or better
(Reference 46)

* Master trip units are calibrated using maximum no adjust hmits of 2 0.02 mA (2 0.125%
of span) over a range of 4-20 mA (Reference 23, 24). All meesuring and test equipment
will be assumed to have a combined accuracy of £ .13% or better (Reference 46).

» Calibration of Level Transmitters will be assumed to be conducted at a nominal
frequency of every 24 months or better. However, afrequency of 30 months is used
herein to be consistent with the Tech Spec (Reference 40) definition of surveillance
frequency (U), which allows a maximum extension of 25% of the specified surveillance
interval.

« Calibration of master trip units will be assumed to be conducted at a frequency of 3
months or better. However, a frequency of 4 months is used herein to be consistent with
the Tech Spec (Reference 40) definition of surveillance frequency (U), which allows a
maximum extension of 25% of the specified surveillance interval.

* Performance specifications are typically expressed in terms of % Upper Range Limit
(URL), % of reading or % calibrated span. In this calculation, all results will be :
expressed in units of indicated water level height. The span of this indication is 100", |
The span of the differential pressure applied to the transmitter differs from the indicated L
water level. These values are 70.06"H20 for the "A" Train transmitters, and 70.05"H20
for the "B" Train transmitters. |

* The effects of the accumulation of non-condensable gases in the reference leg, which can
result in notching, are not considered in this calculation. BECo is addressing the issue
separately via the BWR Owner's Group.

|

i

:

* Reference leg flashing is not considered in this calculation because flashing cannot occur |
above 100 psig. Operability Evaluation of the reactor water level system, Reference 66, i
shows that these water level setpoints are reached before reactor vessel pressure reaches |
400 PSIC. |
:

:

F

:

|

* Reactor and Turbine building normal temperatures are taken from FSAR Tuuies 109.1 &
10.9.2 (Reference 9), because the FSAR is the most recent, controlled docusmnent, reference
source found with this information. The temperatures are assumed to be correct
because they are the same as the temperatures identified in the Bechtel Design tasis
Report 6498-HDBR-05 (Reference 60)

Setpoint Calculaiion
LIS263-72A, B, C, D : Reactor Vesse! Low-Low Level

1 w | shiay | TFp | ¢/ /a3 iy =. ¥ JoBNO. 25-226 PAGE = |
0 i J1zeren 1o lzres | PR R CALC NO. - |

2 p SEA WN BOVERI
REV By DATE |CHECKED | DATE |, RSk B A TION (25.-226-C004) &t

e |




+ A large break LOCA scenario is not evaluated forits effects on these level loops because
the pnmary protective function for this event is provided by the High Drywell Pressure

instruments (Reference 7)
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45. ABB Impell Project Instruction 25-226-P1-002, Rev. 1, “Setpoint Calculations”

46, TNDS Procedure 1.3.36, Rev. 12, "Measuring and Test Equipment”

Setpoint Calculation

LIS263-72A, B, C, D : Reactor Vesse! Low-Low Level
] Wl laias | Tep  lali fa3 iy L] =. JoBNO. 25226 PAGE
0 v e e U EPEP e oF .
eV By DATE |CHECKED | DATE |, ASEABROWN BOVER (25-226-C004) )

©-'0




= E e e BT SLP—— " - B T e e =y el e ™ S Tl b R g

47, Safety Evaluation SE2279, Rev. 0, "Modification of Control Room High Efficiency Air
Filtration System Heater Controls (CRHEAFS)
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5. Rosemount Report 78212, Rev. A (EQDF #395), “Internal Thermal Response of ?
Transmitter Housings to Steam Impingement” :

57. ASME Steam Tables, Sthedition

l

58 Environmental Qualification Data File (EQDF) Ref. 4, "ERMS 82-34, Finalized 1.E. }

Bulletin 79-01B Equipment Qualification Radiation Exposure Levels, Worst Case, For :

Various Code Areas Within the Reactor Building (40 Year Normal Operation + a
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59 GE Report CEK-83395, March 1984, “Voltage Converter Operation & Maintenance i
Instructions - 147DB661I°1" |

0. Bechtel Report 6498-HDBR-05, Rev. 1, " Design Basis Report Control Room, Cable
Spreading and Computer Room Air Conditioning System”, Enclosure in Bechtel Letter
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68,
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ANS!/ASME PTC 19.1-1985, "Tart 1, Measurement Uncertainty”

PNPS Equipment Qualification Master List (EQML), Rev. E29

BECo Dwg. M23, Rev. E6, "Equipment Location Section D-D & L-1"

Engineering Operability Evaluation, Reactor Water Level System, Rev. 0, ORC #92.72

Rosemount Procedure DB700142, Rev. A (EQDF #396) "Beta Contribution During
Radiation Exposure Model 1153B Transmutter”

BECo EQDF #394A (ABB Impell Letter 25-226-037), March 16, 1993, "Evaluation of
Rosemount Test Report D8600063 for Applicability to BECo Setpoint Control Program

Project’

Reference Leg Heatup.

Additional references are located in Note 14, Transient Analysis of
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IV. DETAILED CALCULATION

A. METHODOLOGY

Thus calculation is performed per AEB Impell Project Instruction No. 25-226-T'1-002 (Reference 45),
BECo NEDWI No. 394 (Reference 4), and NRC GL 91-04 (Reference 43). The format of this
calculation has been specifically modified 10 meet the content requirements identified in BECo
NED Procedure 3.05 (Reference 54) and ABB Impell Quality Assurance Procedure QP-3.4

(Reference 55)

This calculation utilizes a new analytical hmit for Reactor water low-low water level (-56.9 inches
from instrument zero) provided by GE in GE Letter No. LLC-55-91 (Reference 34). The new limit
lowers the existing limit and provides room for loop measurement uncertainty. The goal of this
calculation is to maintain the existing Reactor low-low water level field setpoint, while
accounting for loop measufement uncertainty. ‘

As found /as-left instrument calibrahon data is statistically analyzed to calculate 95%/95%
probability and confidence level values for L1S263-72A, B, C, D. The values are derived in
accordance with ABB Impell Project Instruction 25-226-F1-001 (Reference 44), are presented in
Attachment 6 and used in the setpoint calculation. The value determined in this process is
considered to include the effects of measurement and test equipment (M&TE), reference or basic
component accuracy and component drift. Therefore, values will not be entered in this
calculation for Rca (M&TE contnbutions) or Rea (rack basic accuracy). The rack and sensor
setting tolerances (St and Ret) are retained. This approach is consistent with the proposed
Instrument Society of America (I3A) Recommended Practice. For Rosemount trip units, Rea
{repeatability) is N /A, because Rosemnount includes repeatability in the drift specification.

The 95%/95% probability and confidence level is taken from the second outlier column on the
spreadsheet printout (Attachment 6). For Rosemount trip units, the worst case 95% /95% drift
value is used for all four loops.

The manufacturer’'s drift specification is used for transmitters LT263-72A, B, C, D, because there
are not enough data points for a valid statistical analysis at this ime.

This calculation covers four redundaat loops. Where individual loop values differ, the values for
eachtrain are compared and the worst case train is used for conservatism. If a loop is required to
function during one or more acaident scenanos, then the uncertainty effects due to each accident
are calculated and compared and the single worst accident scenario is used in calculating total
loop uncertainty. The individual switch safety function determines if the loop must function
during an accident scenano.

Pma is calculated for normal operation and two post-accident scenarios. The normal operation
"ma 1s due to temperature variations inside the drywell and Reactor building which affect the
density of the reference leg column of water as well as static offset due to the difference between
the actual condensate pot elevation and that used in the scaling calculation I1-N1-24. The two
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post-accident scenarios, PBOC-2T break inside the Reactor building and a SB LOCA inside the
drvwell, consider the temperature effects on the reference leg as well as dimensional changes to
the Reactor vessel. Maximum and minimum temperature during normal operation were
obtained from Reference ©. Maximum temperatures and maximum or minimum Reactor vessel
pressures were obtained from References 7, 14, 15 and 51.

The 95% /95% probability and confidence level values for the four level switches have been
staustically analyzed to determine if the data sets are normal or bounded by a normal curve. See
Note 13 for the results of the statistical analysis. Histograms, scatter plots and SYSTAT pnntouts
are included in Attachment 7. The results show that none of the data exhibited time dependency
and sufficent data is bounded by the 95% probability /95% confidence values to establish that
they are valid estimates of instrument drift.

All errors identified in this calculation are individually evaluated to determine whether they are
random or biases. In the context of instrument uncertainty, itis accepted within the industry that
random uncertainties are those uncertainties that a manufacturer specifies as having a ¥
magnitude. Random uncertainties are combined using the root sum of the squares (RSS)
technique in accordance with NEDWI 394. Biases are expressed with either a + or a - sign and are
added together separately according to sign. Individual component error terms which contain
both a bias and a random value (for exampie, 0.95 3 0.5 inches) may be split up so that the
random part (¥ 0.5) 1s combined with other component error terms by the RSS method and the

biases (£.95) added to other component bias terms of the same sign. Both random and bias terms
are added together to determine Total Loop Uncertainty (TLU). A random or bias term can also
be further classified as being dependent or independent. Two error terms are classified as
dependent if they possess a significant correlation, for whatever cause, known or unknown.
Instrument proximity or physical connections alone do not cause dependency, because the sign of
the error term is determined solely by that instrument’s measured response to the stimulus
(temperature, pressure, etc.). Dependent errors are su.nmed algebraically to form independent
erTors.
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V. DETAILED CALCULATION
B. LOOP DIAGRAM
Gee Attached Loop Diagram, Page 15
|
|
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/ LIS263-72A.B.C. D
\ BEFERENCES:
! { j \ £ S
- \ M253SH. 1  M1002 SH. 18A
] \ E727 M1002 SH. 20
E729 M1002 SH. 124
CONDENSING M187 M1002 SH. 125
POT 12A
\' l.——-— REFERENCE LEG
§ 743" EL
\ 51'-0" EL.
VARIABLE LEG
§ C2205A
1
LT us L -
CONDENSING s . | RX. BLDG.
N R OCATION
POT BE LOCATIO NUMBER LOCATION CABLE
St SPREADING
12A LT263-T2A C2205A LIS263-7T2A C2233A ROOM
12B LT263-728 C2208A LIS263-72B C22338 C2293A
124 LT263-72C C2205A LIS263-72C C2233A '
L. —» CSCS
128 LT263-72D C2206A LIS283-72D C22338 LOGIC
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C. CALCULATION

IV DETAILED CALCULATION

Gee Attached Calculation, Pages \} through 8%
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instrument Number A} \T263- 12A,8.C. D -'B) LI1S2623 - 12A,8,C, D

FORM 1 INSTRUMENT DATA Page 1019

TITLE DESCRIPTION/ REFERENCE REMARKS
VALUE

A)| L7268 12R,3,C.P The A € 8) usea thraunReud
INSTRUMENT M25%, Bnd this data e 13 used e
NUMBER ?)| v19263-724,8,C,D distinquishn  Beturen the frans-

wobler 2 the easter feip et

EAVICE Reactor low -Low h\oﬁﬂﬂ- s H-:’“‘,‘Zl
S C Ml A- PSS~ ibl -l
DESCRIPTION Watee Leve] 208 A- D8+ 56,61, 46, 48

« Laist
AT A Q Rec, @: L
CATEGORY B e
(cabimet €2233A.8)

O miL 246G Tracsmmitfders oal.
E {V ~ONMENTAL Es £OML, p. 2-45- {

CUALU'FICATION
GENERAL

INFORMATION at O fow-dow water
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" FORM 1 INSTRUMENT DATA Page 201 9
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E ; :; s MAD e we qlA\?) 2
g o 1 i £ ® a8 «5ee Atlachmrny 5
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o ~ e
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:3 Foow B b"--‘ 3
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- FORM 1 INSTRUMENT DATA Page 3of 9
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2 ¢ CAUBRATED Pos 1 TroN € il
‘ -
B = R cnande
3 ]
- SETPOINT “\ AN rra™tn 3 .\ NRC Gy Q\-oq Wit requies A Purs
s 2 CALIBRATION T Sigee chavap
© " TRIRY o & it B | Ser Desigm 1'..9:/
-~ o Ag;\u-pl-o.\g eNiew,
(NominALY this cale
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»y o FORM 1 INSTRUMENT DATA Page 4 of 8
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TITLE DESCRIPTION/ REFERENCE REMARKS
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FORM 2B. CALCULATION SHEET (DECREASING SETPOINT)
instrument Number _(T-<3° 326 E. €. D L1S263- 37A,B.C. D
PARAMETER DESCRIPTION ABBREVIATIONVALUE" COMMENTS
NORMAL OPERATION Ho ™
UPPER LIMIT Il Nk=____ 30
NOSMAL OPERATING BAND
NORMAL OPERATIONY 20"
LOWER LIMIT ‘ - SRE ST
RESET VALUE RV=___ -M2™ bis Bagl Ll o
; OPERATING MARGIN OM = e b rol wneen Yo e
T TRIP SETPOINT Tt _ A6 " Shdansd S fute
‘ L l & Qvar' valer M
DRIFT SENSOR DRIFT sde__ T .43 temasn  the Sdwme
ALLOWANCE (DA) BACK EQUIPMENT DRIFT Red=_ 2 «13 :
TOLERANCE SENSOR TOLERANCE St._ 225 d
ALLOWANCE (TA) RACK EQGUIPMENT TOLERANCE Fet = AP i ;
ALLOWABLE \
VALUE ] AV e ~45.32
ENVIRONMENTAL TEMPERATURE EFFECT Tes__ WIR
ALLOWANCE (EA) RADIATION EFFECT Re= o }1" see Meofr 1y
‘ STEAM/CHEM SPRAY EFFECT Se-_ N/A
PRESSURIZATION (EXT § EFFECT Pe = NIA
' SEISMIC EFFECT Se=___NIA
CIRCUIT LEAKAGE ‘ CABLE LEAKAGE cs. =432
T ALLOWANCE (LA) TERMINAL BLOCK LEAKAGE «__NIR
z PENETRATION LEAKAGE n - WA
o SPLICE LEAKAGE Sl= wNIA
a SEALING DEVICE LEAKAGE Di=_ _wiA
Q 1
2 PROCESS PAOCESS MEASUREMENT Pma= * 1.56" ses B W
¥  ALLOWANCE (PA) PHIMARY ELEMENT ACCURACY Pea=__ IR
—d
5 CALIBRATION SENSOR CALIBRATION Sa-_ ¥ .38 ¢
*  ALLOWANCE (CA)" " | RACK EQUIPMENT CALIBRATION Aas__ O
ACCURACY 8
RACK EQUIPMENT RACK EQUIPMENT ACCURACY Rea-__ MIR
ALLOWANGE (RA) RACK TE“:ERR;TUREYEE*‘:::; x =_= LTS
RACK EQUIPMENT MISC EFFECT Ame = : ik o
o
,  SENSOR % SENSOR BASIC ACCURACY Sa=__2.25 -
, I ALLOWANCE (SA ﬁ;oﬂ STATIC PRESSURE SPAN | Seps» T.151° % .9 Ser Rate |\
SENSOR STATIC PRESSURE ZERO | Sepr=_ - 0.48 see MNotr (A
SHIFT RIS
SENSOR TEMPERATURE EFFECTS | Sle= - 2.53 ~ ser Ncte S
: SENSIE POWER SUPPLY EFFECTS Spse= T .CX T
{ ] SENSOR MISC EFFECTS Sme=_ MIA
E:; ANALYTICAL LIMIT A= _-8L9
Setpoint Caiculation
LIS263-72A, B, C, D : Reactor Vesse! Low-Low Leve!
1 v sy | TP “l'/“L A P ’. JOB NO. 56 5o, =
O Tt dielay [ Tov 211193 s’u‘ .sov. CALE MO oF »
; ASEA BROWN BOVER| £
REV BY ] DATE [CHECKED | DATE | con o Con P (28-A44 - € con) s}

D-23

"NOTE VALUES ARE IDENTIFIED FORMAGNITUDE CINLY AND ARE IN ACCORDANCE WITH THE EQUATIONS ON FORM 3
THNOTE CALCULATED VALUE FROM FORM 3



FORM 3. CALCULATION SHEET SHEET NO. 1 OF 4

INSTRUMENT NUMBER LT2L3- 2R, B C.D @ L15263- 37R ¥,C, D

EA =1 (Te)? + (Re)? + (S/Ce)? + (Pe) + (Se)?

EA=V(n/n 2+(. 30" Vel P+Unm V+(nh P 3 L

2. CIRCUIT LEAKAGE ALLOWANCE (LA)

LA=Cl+Ti+Pi+Sl+Dl
LA=-.112" + NIR «_ nIR +_mjA + hfh =-.032°

3. PROCESS ALLOWANCE (PA)
PA = «ﬁp}da)z + (Pea)® =+ Pma ooy (PEOC)

’?-5‘7“_ (ser Mete “\

PA=V( — P +(nNiA )P+ 1567

4. CALIBRATION ALLOWANCE (CA)
CA =+ (Sca)? + (Rea)®

CA=V(:.25")+( o ) - T.25

5. RACK EQUIPMENT ALLOWANCE (RA)

RA = v (Rea)? + (Rte)? + (Rps)? + (Rme)?

ts

RA=V(wih )2+(%08 P+(nin VPe(njm )2 =2.08"

6. SENSORALLOWANCE (SA)
sa=v (Sa)? + (Ssps + Sspz)? + (Ste)? + (Spse)? + (Sme)” + SSps, ,, (Pec)

SA=V (T.258 )2 4 (21" 4T u8")2 4 (263" )24 (T 02 )24 ( mIA) 4.45Y

SA = *2%0 +.15%
{sce MNete 11)

Setpont Calculation

LIS263-72A, B, C, D : Reactor Vessel Low-Low Level

1 k“")\ «ay | 7Fp 4/: ]q; Ak .. .. JOB NO, 25226 PAGEP .
Q RS |'1’r2"\l TBL 218y c".. .. CALT NO OF ‘.‘
REV BY DATE [GHECKED | DATE | gt MpELL CORPORATION (25-22¢- coom) i

V-



FORM 3. CALCULATION SHEET

SHEET NO.2OF 4

7. DRIFT ALLOWANCE (DA)

DA = V(Sd)? + (Red)?

DA=V(T.4u2  )Pe(z.13" ) « s’
8. TOLERANCE ALLOWANCE (TA)

TA = V(St)? + (Ret)?

TA=V(2r.26" Pa(T 2" ) s X.20"

9. TOTAL LOOP UNCERTAINTY ALLOWANCE (TLU)

Pl

TLU = LA + V(EA)? + (PA)? 4 (CA) + (RA)? + (SA)? + (DA)? + (TA)? +SAL, . FAL

TW=_~ 2" T/ (e )20 ( = )2 a(225)24(208)2 4 (290)% « (*45)% « (T.28)2

o0 156" A8FY =

TLu= Hot6” - 324

T304 +1.12 - .13

TRIP SETPOINT (TSp) IN PROCESS UNITS

10.
10A.

TSp = AL - TLU

TSp=_wnl' =~ Mlh =_NIA
108B.

TSp=AL+ I LU

TSp=_- 569"+ j0.36" = -

T’ng dciual
31 Pwubs
compBord

FOR INCREASING SETPOINT - FORM 2A: (ENTER N/A IF DECREASING SETPOINT)

FOR DECReASING SETPOINT - FORM 2B: (ENTER N/A IF INCREASING SETPOINT)

value mplernen teel
o CO'\“_vavBt-v(
te 1w s value

(f;r( F-'}\)" ‘3

Setpoint Calculation

LIS263-72A, B, C. D : Reactor Vessel Low-Low Level

HEv

Wy lwes [ Teo kbl | AR D ED
vk dzslqs | T3¢ 211183 "..'. CALCNO

BY DATE |CHECKED | DATE m‘é%‘»?ff’?&%‘ﬂ'm

JOBNO. 2E.226 PAGE

OF

(2%- 21 - cooy

V-9




FORM 3. CALCULATION SHEET SHEET NO.30OF 4
11. ALLOWABLE VALUE (AV)
11A. FOR INCREASING SETPOINT - FORM 2A: (ENTER N/A IF DECREASING SETPOINT)
AV = TSp + V(DA)? + (TA)
AV=_ nik_ +V( win P+(wpa )P
AV=_W/A
11B. FOR DECREASING SETPOINT - FORM 2B: (ENTER N/A IF INCREASING SETPOINT)
AaveTapkBART AR AV Top - 4/ (Ret) o (Rea)?
. o i {en! ertisn ef |
AV = _-N6.14" -‘\[( .13 )2+( - P )2 :’\‘:‘h s being u.:::}
AV= =YL, 32"
12. QPERATING MARGIN (OM)
12A. FOR INCREASING SETPOINT - FORM 2A: (ENTER N/A IF DECREASING SETPOINT)
OM = TSp - NUL
OM=_ wiR - MIA = NJA
12B. FOR DECREASING SETPOINT - FORM 2B: (ENTER N/A IF INCREASING SETPOINT)
OM = NLL - TSp “Yp” is the PP implemented
. " yalue
OM= AD . —Y4¢ = 6"
13. RESET VALUE (RV)
13A. FOR INCREASING SETPOINT - FORM 2A: (ENTER N/A IF DECREASING SETPOINT)
RV > NUL
RV=_ NIA_ N/A
NUL=_ w'g
13B. FOR DeCREASING 3E7POINT - FORM 2B: (ENTER N/A IF INCREASING SETPOINT)
RV < NLL
Ve L (see Wear PA(:EB
NLL=_ Z2o"
a Setpoint Calculation
LIS263-72A, B, C, D : Reactor Vessel Low-Low Leve!
VoLl fasey [Tee (i | AN WD BB [08No 25226 PAGE
£ | Iwe d26193 | 13¢ 2l 3 "...' CRLLEN0 oF ,
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FORM 3. CALCULATION SHEET SHEET NO. 4 OF 4

14.  TRIP SETPQINT (TSp) IN PROCESS UNITS

TSs = TSp MODIFIED BY THE FACTORS ACCOUNTING FOR CONVERSION
FROM PROCESS UNITS TO SIGNAL UNITS (VOLTS, AMPS, COUNTS, etc.)
TSs = H.64 mfde (NOTE: SEE PAGE b\ex FOR CONVERSION)

T J
5‘ \ & “""MC.
l'.wu' 3“3'\

.Y (A:. s !Ou'pu' 5(‘." <

r -
16, = (G v “%6-(50) oy
S t &O-(-50) Hmhdc

= L‘QL\ wAcde

N. Ad" Ust  Toleramce

Csar Notr )

RCSET . Frorr WILL BE SET AT Y% OF SPAN 3bove teip Set Point
RESET =4 % oF SPAN = 0.04 x 100" = 4" 3beue 4eip seXpoinT
Resel vafue:-yg"s #"= 12"
L (lonbde 3 Fomm) +9Ak = 5.28mAde
Ne Ad'l\liT R‘C(lv\¢g

502 o 544 A
(sce Mote 10)

This  ceser wvaloe 5 Beceplable because:

- = -

o Reset occves a3t HY zptn, Whiah falls  wiihin tne
manufactuiedy specitication of 0.5Y% te 5% of the
mpvt sean (R.f. 2)

e Reser occurs befoe 1k precees nermal cperat\o-\

Linnin s reackhed C See riqwrr i)
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Notes:

1 PNPS LOCA Analysis (NEDC-31852P, Sept., 1990) also indicates Reactor low-low water
level as 425 6" measured from vessel zero. Vessel zero 1s indicated as 482.5" on M253 Sh. 1,
Rev. E24. Therefore 425.6" from vessel zero corresponds to (482.5 - 425.6) or -56.9"

Measurement and Test Equipment utilized for calibration shall have an accuracy equal to
or better than the device being calibrated (Reference 46). According to manufacturer’'s data,
the transmitter's accuracy is $0.25% and the master trip unit's accuracy is 0.13%.

3 Leakage from conductor to conductor is considered as the primary leakage path, which
results in inceased signal current at the rack electronics. For a given level in the Reactor
vessel, increased current results in a lower indicated level, hence the minus sign for CL

4. Radiation Effect

From Equipment Qualification Evaluation Sheets for LT263-72A, B, C, D (Reference 41)

* A" Train normal radiation dose : 1.662 x I0°R
"B" Train norrmal radiation dose 1 4.455 x 10°R

Worst Case: “B” Train (LT263-728B, D)

Normal Radiation (30 months) = [4.455 x 10°R * (2.5 years)] /40 years
=278 x 10°R

Under acaident conditions, radiation dose will be the normal radiation dose plus the
radiation dose for 5 hours due to an accident (i.e. required operating time for transmitters is
5 hours - Reference 41).

Normal radiation dose (30 months) : 2.78 x 10°R
Gamma accident radiation dose : 2.8 x 10°R (Reference 58)
Beta accident radiation dose : 3.5 x 10°R (Reference 58)

Only 1.6% of the beta dose will be converted to high energy gamma and will affect the
transmitter (EQDF #396, Rev. E0 - Reference 67)

Therefore net beta dose = (0.016)* (35 x 103R) = 56R
Total & hour accident radiation = (56R) + (2.8 x 10°R) = (2.8 x 105R)
Total radiation dose = (278 % 102R) + (28 x 105R) = (2.8 x 10°R)

In accordance with ABB Impell memorandum dated March 10, 1993 contained in Refirence
68, a bounding radiahon uncertainty 15
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Re =4 (408 + 14logo(TID [MRad]) %URL
= 4 (408 + Jdlogyof 28)) %URL
=+ 33%URL
Therefore Total Radiation Effect = #(0 0033 (150'H, 001007 /70:06"HO0)

=#.71"

Sensor Temperature Effect (Sted

Two values for the sensor temperature etfect will be determined, one for normal operation
and one for post-T'BOC operation. The normal operation sensOr temperature effect is
determined using the temperature sensitivity from Reference 1 2s follows:

Ste = +(0.75%URL + 0.5% span)*(Max ambient temp. - Min Calibration temp.)/ 10007

From Reference 9, Table 10.9-1 (Design Temperature - Winter)
Minimum Cailbibration Temperature = 600F

From Reference 9, Table 10.9-2 (Design Temperature - Summer)
Maximum Ambient Temperature {Operating) = 105%F

For a Range Code 4 transmitter URL = 150"H20
For the subject transmitters: Span = 70.06"H20

Therefore:

Sle =+ (0.0075*150"H20 + 0.005°70.06"H20)1105°F - 600F)/ 100°F)

=% (1475"H0x45% /100°)

and converting "H20 to indicated inches :
=+ T0.66"H20)100"/70.06"H20)
=+ 0.95" (Normal Operation)

BECo Dwg. M632 Sh. 10 (Reference 15) depicts a temperature profile during a PBOC and
the highest temperature at transmitter locations.

Rosemount indicates a thermal response time constant of 3 minutes (Report 78212, Rev. A -
Reference 56), i.e., the transmitter amplifier board will achieve 63.2% of a step temperature
increase 3 minutes after the step increase in temperature i+ . “rlied. Therefore, temperature
ac a 3 minute interval from Reference 15 will be used to deterraine the transimitter's post-
PBOC temperature. From Reference 15:
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Assuming the PBEOC occurs atter calibration at the Winter minimum temperature of 60°F,
the initial step increase 15 1529 and the transmitier temperature after 1 time constant is:

T:nnsmmcr 2% Ttnnsmmex. inital ¥ 0.632AT.
Toansmine: = 60°F + 0.632*1520F = 156.10F.

At the beginning of the second time constant (3-6 minutes post-PBOC), the temperature
difference is (190 - 156 1)%F or 33.9°F, and the transmitter temperature after the second time
constant is

TUansr:mrr e Tt'amsfm!'c- wital * 0'632-37-

Toansminer = 156.1F + 0.632*33.9°F = 177.5°F.

At the beginning of the third time constant (6-9 minutes post-PBOC), the temperature
difference is (150 - 177.5)F or 25°F. It will be assumed the transmitter temperature does
not exceed 180°F.

Now using the sensor temperature sensitivity from Reference 1, and the URL and span
values from above:

Ste

L |

* (0.0075*150"H20 + 0.005°70.06"H20){1180°F - 600F]/1000F)
+ §1.475"H70)(1200F/1000R)
+ (1.77"H20)
and converting "H20 to indicated inches:
=2 (1.77°'H20)100"/70.06"H0)
253

H

f

=

(SR |

According to Rosemount (Reference 39), the sensitivities provided in Reference 1 are 3o
values. Conversion of a standard deviation to 95/95 values require use of a multplier of 3
for sampies of 12 or fewer. Since the number of transmutters tested is not rown, the entire
value caiculated above will be used.

Ste (Normal Operation) = +0.95'
Ste (SBE LOCA) = 4} 05
‘ Ste (PBOC) 2 2253"
|
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Rack Power Supply Effect (Rps):

Eps error 1s considered negligible and N/ A 1s entered on Formn 1 for the following reasons
A. Rack Power Supply Errer

Vendor Manual V-0243 (Reference 2) identifies the power supply voltage requirements for
the card file as 22.0 to 280 Vdc. Thus is the electrical specification for power at each master
and slave tnp unit

GE NEDO-21617-A (Reference 49) Figure 2.21 provides a graph of power supply output
voliage vs. current. The poorest regulation occurs at 0% current, where the voltage range
can vary from 235 to 28 Vdc. Thus, under the worst case, the voltage at the card file is well
withun the electrical specification for the unit. This is the-most conservative case, because
the figure shows that at points above 20% rated power supply current, the regulation
improves from 23.5 to 26.5 Vdc.

BECo Calc. I-N1-23 (Reference 48) indicates that ECCS Cabinet C2233A has a current load
of 16 0775A and that is typical for (C2233B. Each cabinet has two 24Vdc, 20A power
supphes connected in parallel. in each cabinet, one power supply is fed from the
appropriate divisional AC source, and the other power supply is fed from the appropriate
divisional 125Vdc battery. Thus, under normal conditions, the percent load in these
cabinets is approximately:

[(16.0775A) /(20A)){100%) = B0%

Therefore, under most conditions, the analog trip system load will be within the 235 10 26.5
Vdc portion of the curve.

The card file power input requirements conservatively overlap the output specifications of
the cabinet power supply. Thus, the card file should be unaffected even with a drastic out
of spec variation in the cabinet power supplies.

B. Degraded Voltage Considerations

The cabinet power supplies require a mirumum input voltage of 102 Vac per NED-21617-A
(Reference 49) Section 231.2. ECCS (CSCS) Analog Trip System Cabinets C2233A, B each
have two power supplies. One is fed from the appropniate divisional AC source and the
other is fed from the appropriate 125 Vdc battery. In the event of a degraded voltage
condition, the battery fed power supply will automatically assume the cabinet load betore

the 102 Vac minimum is reached  Thus, the card file will not be affected by a degraded
voliage situation
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Control Room and Cable Spreading Room Temperature

Fer FSAR Table 10.9-2 (Reference 9), the Control Room design maximum temperature in

the summer is 78°F. The winter design temperature is 75°F based on Dwg. M292
(Reference 50), Note 1. The Control Room HVAC thermostat is assumed to control within

+2°F of the design temperature, which is typical for HVAC systems. Thus, under normal
conditons, the Control Room temperature is assumed to range between the lower winter
temperature limit of 72°F (22.8°C) and the upper summer temperature limit of 80°F

(26.79°0).

Since the Control Room is classified as a mild environment, there are no calculated
temperatures for accident conditions. However, since an acadent with loss of offsite power
causes load shedding of the Control Room HVAC trains, it is probable that the Control
Room temperatures will move out of the normal operating range of 73°F - 80°F. Therefore,
for purposes of this calculation, the Contro! Room general area temperature range during
an accident is conservatively assumed to range from 60°F (15.6°C) to 114°F (45.6°C). 60°F
is conservative because the Control Room High Efficiency Air Filtration System
(CRHEAFS) will maintain Control Room temperatures above 60°F at the ambient design

lower limit of 10OF as described in Safety Evaluation SE2279 (Reference 47). 1140F is
identified in FSAR Section 7.1.8 as the equilibrium Control Room temperature at the

ambient design upper limit of 90°F when normal AC and ventilation is lost and only
CRHEAFS is operating. For enclosed panels and cabinets, an additional 16°F is allowed for
internal panel temperature rise. Thus, the internal panel temperature range during
accident conditions is conservatively assumed to range from 60°F (15.6°C) to 130°F

(54 40C). This is consistent with the value identified in Specihication E536 (Reference 51),
which identifies an accident temperature of <130°F.

The Cable Spreading Room has the same temperature profile as the Control Room during
normal and accident conditions.

For the purposes of this calculation, it is conservatively assumed that the Rosernount
analog trp system master and slave trip units will expenience temperatures between 60°F
and 130°F. The repeatability parameter provided by Rosemount in Vendor Manual V-0243
(Reference 3) is valid over a range of 60°F to 90°F. Repeatability is included in the rack
drift value (Red) and is not included in Rte. Therefore, only the 40°F temperature band
between 909F and 130°F needs to be considered in the Rte value.

Thus, for master trip units: Rte = #020%(40°F/100°F) = +0.08% span

For slave units (Note : Includes uncertainty assodated with both master trip unit & slave -
See Attachment 5) Rte = #035%40°F/100°F) = 20.14% span
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Process Measurement Accuracy {Pma):

The process measurement accuracy accounts for errors in the differential pressure apphed
1o the level transmitters due to acadent temperature changes affecting the reference legs,
Reactor thermal growth and changes in the steam and water densities inside the Reactor

vessel

The accident scenarnios (SB LOCA and I'BOC) assume a concurrent loss of offsite power and
use of the emergency diesel generator for power to the safety related loads. The reduced
HVAC will result in increased temperatures in both the Reacior building and the drywell
Positive values for Pma are of concern for a decreasing setpoint, the limuting accident, then,
is a PBOC. For this accident, the reference drywell temperature of 135°F will be used
instead of an elevated temperature because the reduced density of the warmer water would
reduce the value of the density variation portion of Pma. (The density variation affects
both the reference and variable leg piping inside the drywell, since there is a larger vertical
run on the variable leg, the net effect is to decrease Pma (density)).

The results derived in this note for Pma are valid for Normal Operation and Post-Accident
conditions. The Pma value for the PBOC accident is based on a maximum temperature of
207.29F. The density of water (py) at 2079F is 60.188 ibm/ £3 (specific volume (v) = 0.01662
f13/1bm). The question has been raised whether, when the Reactor vessel is depressurized
to either 500 psig or 150 psig, pw could be less than this value and hence introduce even

greater ertor than has been accounted for. Recalling that'v =1/p a lower p would
correspond to a larger v. According to the ASME Steam Tables, 5th edition, at a pressure of

500 psig, the temperature would have to be greater than 200°F for the v to be larger than
001662 13 /1bm. Similarly, at a pressure of 150 psig, the temperature would have to be
greater than 1989F. According to the simulations in Note 14, there is a maximum difference
between the water column temperature and the ambient temperature of 5.59F. Thus the
ambient temperature must be less than 192.59F. According to the environmental profile for
this area (Reference 15), the temperature is below 192°F three minutes into the transient. It
is not considered possible to depressurize within this time frame. Subsequently, p,, will be
greater than the value used here, and the error will be Jess.
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Consider the following Reactor vessel water level measurement loop:

o | S
A | REACTOR BUILDING
' b |
™ 7
| | i
| Lo |
‘ |
| h, | ny : onvwzu_: »& * Ppent |
t | 2 | |
Z | : : lh“'""’ |
| | |
‘ | | . |
f | i | "! ! |
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P

sm=
pﬁ} JCAL .

RV, CAL _
ps'm

W, CAL _
P CAL.

pﬁf‘ CAL .

hy, =

pressure of steam in Reactor vessel dome (typically = 1000 psig)
density of water in the Reactor vessel assumed in determirung the
differental pressures at the transmitter for calibration

density of steam in the Reactor vessel assumed in determining the
differential pressures at the transmitter for calibration

density of water in the drywell portion of the reference or vanable leg

assumed 1n determining the differential pressures at the transmutter for
calibration
density of water in the Reactor building portion of the reference or vanable

leg assumed 1n determining the differential pressures at the transmitter for
calibration
height of water inside the Reactor vessel

Then the differential pressure seen at the transmitter at calibration is given by:

4
AI transmifter

P g
Reference Leg *

) LT T
Varasbie Leg™

> -
AI transmitier =

Py Leg - Py
Relerence Leg ™ 4 Variable Leg

DW . CAL RB.CAL

l.ﬂ + ('lrz hpua )p “+ (hpﬂil hl\r )P

Pam + (0™ - ") ply A 4 (RGN - o) iy oAt
# (ha - BEA) PEVEAL 4 (BERE - D ) pRAL 4 (e - B ) RP "

[(hS™ - bynt ) - (0™ - gz )] ® PEWCAL 4. [Bipu - w2 ) *

(S - G pRYOAL L (1SN SN w pRVOAL . (pSAL . pfAL) e pRVICAL

(Equation 1)

According to M1001 Sh. 128 & 129, the condensing pot is attached to the Reactor vessel via
a 2" schedule B0 pipe. Equation 1 can be simplified:

AIJ transmitte

v =

l( (JL = hy l)- “lpm! - hpm:’ ’}.pBW.CAL‘ (hp.nl - h;-.z ). PEBCM

(KSAL . pSAL pRVCAL | (hCAL 4 CAL) o phveAL

(Equation 2)

innormal or acadent conditions, the following terms from Equation 2 can differ from their
taibration values
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hi™ h * €l (therma) growth of vessel)
pDW. ACT = pDW, CAL 4 E.B\“
pEB.ACT = pRE. CAL 4 efB,,
PRV, ACT = pRV, CAL 4 RV

CAL eR\

ACT _
ps:m p,stm

pst’r
h&: T = hq, + ecp (Si 184

ince hep = hyy, growth of upper tap « shift in hep)
where eqp = ey, (thermal growth) + eofiser -
Cofien = ACT, Cold -}gl‘(assmned)

CAL
The equation for the actual differential pressure in terms of the calibration conditions is:
- CAL CAL - DW CAL
APtransmitter = {(hcp + €~ hii = &n) « (hpen! - hpen2 B' (g +¢eP¥)

+ (hyent - hperz ) * (PEPEAY 4 688 ) - (KGY + e - 0™ - o0 )* (PEA 4 f )

'(hu""&x.“hu 'ch) (kam*‘d&)
(Equation 3)
If we define the error as:
AP e = Al ypngminer (CAlIbration) - AP ppeminer (8Ctual) (Equation 4)

.then a APy ansminer (actual) less than a AP g aneminer (Calibrated) will result in a positive
APemor which correlat.s with the positive (higher than actual) indication error. Substituting
equations (2) and (3) into (4) yields:

{products of two errors are considered negligible and are dropped):

APerror = ~(eqp-n)® P, [“&L'hi?u')- (hpent - hpen2 )}'CF"
- {tipent = hpenz )® €f% + (£cp - Oh.v ) * PEEAY 4 { “’“-hS“L)'e&‘;m
+ (G w - t0)® PRVCAL 4 (WAL . ALY » oY

(Equation 5)
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If we do not calibrate the transmitter over the entire distance between the upper and lower

taps (such as shown below), then:

h»_‘: A
.]E' s
*h
CAL - hb(
LI
Pem, @ oy
L » hk
*h,, =hSA.ph
o
-J‘E- h i
hy

Note that e, ., in Equations (3) and (5) must satisfy the following constraints:

CAL CAL
when hy'" =hj
hCAL _ RCAL

€hw = €
epw =€y when
Therefore ¢, ., can be expressed as:

C’AL - h]CAL

Chw= €+ e | S

i CAL CAL
h'—“ -hh

ey~ ey

Define h'y_as follows:

then Equation (6) becomes

<+ Y g T
Chw =6 # hy + huheay (ew - &
hz.‘\ L h‘(‘.A L

(Equation 6)

(Equation 7)

(Equation 8)
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Note also that:

hSA - hfM =hy +hohca (Equation 9)
BEM - BEN - hGA - hirAt - hy - Wuhear {Equation 10)
Enw ~ B hCALh bg‘f ey - ey (Equation 11)
ha - hy |
o= 5, s gt + 11 - h}’\'—c‘;—{‘—%‘—&k ; — (Equation 12)
ut - D

Substituting equations (9) through (12) into Equation (5) and rearranging terms yields:

APersar = - [(BE™ - biEA) - (hpeo - penz )] 6B - (per - perz ) €B% - (Cotems + €0 - €0} PRV AL 4+
|eatias [1- b Be hoa | prven ‘————-h“h.'hw)(w e1) pRV-CAL

e ” Pae hCAL _p CAL

tl-
CAL hCA‘ bt
+ (5™ - hEMY - by - Bohoar ) 8% + (hu+ b hear ) ef%

(Equation 13)

Thus error equation can be divided into three parts according to whether the error is due to
Keference Leg Variations (RLV), dimensional changes on the vessel (DC) or changes in the
densities of steam and water inside the vessel (Ap). Let:

AP erver, RLV = - ’(}RT ) \hp.\l -hw.. ) GP“ (hp) hpm" ) g (Equation 14)
AF grrer, DC = fv'"' CAL, h_L——g;thr: :: AL {ﬁﬁv m’ CM‘) pb“ CALJ (Guv.‘O\;) Cofise® ( W CAL pIV.CA.L)

(Equation 15)

Note: eyt - €]t 1s the relative thermal growth of the upper tap elevation to the lower tap
elevation

APener, o= (WG BEM) eB¥im + (hushuhcar) (efY - eBlin) (Equation 16)

According to BECo, GE has already considered the APeror, ap cOntribution when they
determined the analytical limit of -56.9" - Reference 37, Attachment 6. Therefore, this term
vall not be further analyzed.
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According 10 BECo (alc. I-N1-24, Reference €, the normal operation conditions for
calibration of the transmitter are:

1 RV = 5465°F

Tow = 135°F
kaq = 80°F

From the ASME Steairs Tables, 5th edition (Reference 57), the following densities are
obtained:

Reactor Vessel Pressure = 1000 psig:

Prb,w (@ BOOF) = 62.4220 Ib/f:3
pdw,w (@ 1350F) = 61.6523 Io/f13
Prv.w (@ 546.59F) = 46.2028 1b/ft3
Prv, stm (@ 546.5°F) = 22806 Ib/ft3

According to BECo calculation 1-N1-14, the following elevations relative to the bottomn of
the Eeactor vessel were assumed to edst at calibration:

i *A* Trzin Level
hCAL 5485
cPp

"~ | *B” Train Level

5485
[ 547" 547 i
Ny 4255" 425 5° I
Noenp 404.3125" 398.3125" i
Nont 534 375" 53575
h, 4325" 4325*
Niear _|100° 100°

The distance from the bottomn of the Reactor vessel to the bottom of the inside of the pipe
from the Reactor vessel to the condensing pot for each train is calculated below. Note, this
should correspond to the water level in the condensing pot.
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"A" Train Leve! “B" Train Level Reference
—~—— ————
Top of Pipe £3'9.3125° 83'9.375° M1001 ‘
(1005.3125%) {1005.375") Sh 128, 128 ‘
Reacior Zero 37 11 148" -37" 11 14" M23 ﬁ
Elevation (-455.25%) (-455 25")
internal diameter 2' 2157 -2 157" M1001
Sch, BC Pipe + Wall Sh. 128, 129
Thickness (Detail 1)
Tl

Thermal growth, according to FS&MC memo 91-176 (Reference 38 - Attachment 6), is 7.3 x
10% in/in/°F and the cold distance between the upper and lower taps is 121.5", Assuming
a cold temperature of 60°F:

al = 0.88655 x 103" (T-60°F)

Using T = Tsat (1000 psig) = 546.5°F, Al = 0.431"

Now Equations (14) and (13) become:

Reference Lee Error

“A” Train:

Apercor, k1v = -[(548.5425.5) - (534.375-404.3125)) * %, - (534.375-404.3125) * B,
= -(123.0 - 130.0625) * ¥, - 130.0625 * KB,
= 7.0625 * D%, - 130.0625 * <5,

"B" Train :

(Equation 17)

Bperrar, LV - = -{(548.5-425.5) - (535.75-398.3125)) * e, - (535.75-398.3125) * eRE,
= «(123.0 - 137.4375) * D, - 137.4375 * 8,
=14.4375 * e, - 137.4375 * kB,

Dirmensional Change Error

"A" Train:

(Equation 18)

APQ!’YO?, [)C= ‘:.2&)‘.'0” 4 h‘“'.‘] 00!/'12] 5) * (46.20282.2%) * 6] 6s23! . (Put{h ) - (6] .6513 » 2.2“) eoffsc{
= (22806 + 25305 + 36.15 h'yy, - 61.6523)° (eyr-e)t ) - 59.3717eofiset
= (-56.84 4 2615 h'yw) * leprelt ) - 59.3717 €0 Mg
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"B Trzin:

Aperror, DC= 12.2B0641{7+ 'y "1001/121.5) * (46.2028-2 2806) - 61 6523} * (eyye-e)e ) - (61 6523 - 2.2806) egtice
= (22806 + 25305 + 36.15 h'yw - 61.6523)° (et - et )-59.3717epffser
= (-56.64 + 36.15 h'w * legreit )-59.3717esfiset

eofiset = hATTUAL . HCAL = 547 91" - 548.5" = -0.59" ("A" Train)
eoffset = hiy VAL . hEAL = 54797 - 548.5" = -0.53" ("B" Train)
NOW ADPenor pc = (-56.84 + 36.15h',)" (e ¢, ) + 35.03 ("A" Train)
= {-56.84 + 36.15h' )" (e ¢, ) + 3147 ("B" Train)
(Equation 19)
Consider the following post-accident conditions: -
T L T
SB LOCA PBOC Normai Operation
{inside drywel!) Varnation
Pay = 150 psig 1125 psig 1000 psig
Thy = 363 6°F 560.7°F 546.55F
Tpw = 330°F 135°F 125°F - 145°F
Tpe = BO°F 207°F" 60°F - 105°F

— "~
* Peak Reference Leg Temperature per Heat Transient Analysis - See Note 14
Using the ASME Steam Tables, Sth edition, (Reference 57), the following densities were obtained:

pw (@ 1000 psig & 60°F) = 625783 Ibm/ft3
Pw (@ 1000 psig & 105°F) = 62.1118 lbm/ ft3
Pw (@ 1000 psig & 125°F) = 61.8104 Ibm/ >
pw (@ 1000 psig & 145°F) = 61.4818 lbm/ {3
Pw (@ 1125 psig & 135°F) = 61.6713 lom/f13
Pw (@ 1125 psig & 207°F) = 60.188 Tbm/ 3
Pw (@ 150 psig & 33(°F) = 563063 Ibm/ft3
pw (@ 150 psig & BOPF) = 62.2665 1bm/ft
pw (@ 1125 psig & 33(°F) = 56.5611 Ibm/it3
Pw (@ 1125 psig & 60°F) = 625782 lbm/ft
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Now the values for L‘E))\X, & eg'Bw are,

SB LOCA PBOC Normal Op. Vanation
L‘[’) v, 556334?;? L 310'?;83 “B1.8523 = | ¢i 4816616523 201705
B > 2665 - B2 4220 = D 188 - . BCDVES -Be 82 =0 150S
{I‘ }3‘. 6,“ .12:3!6_5 62.4220 = 6’). ’;\“8.18 62.4220 621118 . 62 423 « -0 3102 "
b B L1909 o A

Using the Reactor vessel temperatures above, the elongation error for the SB LOCA and the
"BOC are calculated as follows:

Al (@ 1125 psig) = 0.8869x10-3 " * (560.7 - 60)°F = 0.444"
Al (@ 150 psig) = 0.8869x10-3 " * (363.7 - 60)°F =.0.269"
and.

(eyt- enlppoc = Al (@ 1125 psig) = 04447

(eut-ensp LOC A = Al (@ 150 psig) = 0.269"

P 4 - .
Substituting the values for eD“,. & E’RB . and (eys- €)y) into Equations 17, 18 & 19 yields:
‘ g, w P, W ut” €ht 9 3

lbpermr, RLY (R

SB LOCA

At s ec) == A 3 e R OB} = ) 603
T718 - (-21.37) = -55 81 0274 - (-307.04) = 307.31

8Perror, DC

e
=)

The quantities determined through Equations 17, 18 and 19 have units of inch*(lbm/ft%). In
order to convert them into inches of water ("H;0), a conversion factor equal to the density
assumed at calibration, 62.2462 Ibm/ft?, times 1"/1" H;O must be applied.
Therefore, the largest Pma (Normal Operation) is a Bias of:
(26.11 in Ibm /%) /[62.2462 in Ibm/§t13/"H,0) = +042"H,0
and a Random term of:
4027 in Ibm /14%] /(622462 in Ibm /£ /"H,0) = 0.65'H50
and the largest Pma (Accident) is:

(329,59 in lbm/f63] /162.2462 in Ibm /12 /“H40) = 5.29"H,0 {(PBOC)
(11.92 in Ibm /113] /162.2462 in 1bm /13 /"H,0} = 0.3 9"H,0 (5B LOCA)
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Converting these differential pressures into Reactor vessel indication yields:

Pma (Normal Operation, Bias) = 0.42"H20 * (100"/70.06"H20) = +0.60"

I'ma (Normal Operation, Random Term) = 0.65"H20 * (100"/70.06"H20) = £ 0.93"
’ma (Post-Acadent : PBOC) = 5.29"H20 * (100"/70.06"H20) = + 7.56"

Pma (Post-Accident : SB LOCA) = (0.19)"H20 * (100" /70.06"H20) = +0.27"

The normal operation Pma is bounded by the 20.65"H,0 or 0.93" water level variation. It
will be treated as a random variable since the exact combination of drywell and Reactor
building temperatures can not be predicted.

An additional contribution to Process measurement accuracy is the possibility of hydrogen
coming out of solution in the reference leg which would result in indications above the
actual level in the Reactor vessel. This issue is being addressed by the GE Owners Group
and will not be addressed in this calculation.

Sensor Static Pressure Effect

The sensor static pressure effect is partially correctable, i.e. a correction factor is determined
for normal operating conditions. The error in the correction consists of a random value as
well as a bias. We will calculate the biases first.

According to NEDC-81852P (Reference 7), the Reactor vessel operating pressure varies
between 150 psig and 1125 psig. The maximum differential pressure applied to the "A™
Train transmitters is 113.86"H,0 and to the "B” Train transmitters is 113.95"H;0. (BECo
Calc. 1-N1-24 - Reference 6)

According to the Rosemount Vendor Manual for the 1153 Series B transmitters (Reference
1), the static pressure correction factor is:

CF =-0.75% of reading (applied pressure/1000 psig)
At normal operaang pressure of 1000 psig:

CF =0.75% of reading
= <0.0075(113.86)'H,0
= 0.85"H20 ("A" Train)

= -0.0075(113.95)"H,0
= -0.85"H20 ("B" Train)
at the maximum Reactor vessel pressure (PBOC conditions:

P

CF = -0.75% of reading (1125 psig /1000 psig)
= -0.844% of reading

SRERECN T
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= 4.00844(113.86)"H,0
= 0.96"H20 ("A" Train)

0.00844(113.95)"H;0
0.96"H20 ("B” Tram)

"

at the munimum Reactor vessel pressure (SB LOCA conditions):

CF = -0.75% of reading (150 psig /1000 psig)
-0.113% of reading

£.00113(113.86)"H,0

W

H

= 0.128"H20 ("A" Train)
= -0.00113(113.95)"H;0
= 0128"H20 ("B" Train)

Error in the correction factor is given by:

Ec = CFom - Chyx
= ~0.85 - (<0.96)H,0
=0.11"H20* (100" /70.06"H20)
= 0.157" ("A" Train)
= 0.85 - (-0.96)H,0
= 0.11"H>0* (100"/70.05"H20)
= 0157 ("B" Train)
SBLOCA
Ex =CFym-Chisg
= -0.85 - (0.128)"H,0
= -0.722"H20* (100" /70.06"H20)
=-1.03" ("A" Train)
= <0.85 - (0.128)H50
= {L.722"H20* (000" /70.05"H20)
= -1.03" ("B" Train)

Random Terms

Static Pressure Span Effect
According to Rosemount Vendor Manual 4302 (Reference 1):

Seps = 20.5% of reading /1000 psig
l Setpoint Calcuiation
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During normal operation I'gy = 1000 psig and the maximum Sspsis

Ssps  =205% of reading
= 40.005(113.86)"H,0
= #0.569"H>0r(100"/70.06"H20)
=%0.81" ("A" Train)

= +0.005(113.95)"H,0
= #0570 "H>0r (100" /70.05"H20)
=+0.81" ('B" Train)

Post PBOC, Pgy= 1125 psig and:

Ssps = +0.5% of reading (1125 psig/1000 psig)
= #056% of reading
= #0.0056(113.86)"H,0O
= #0.638"H20*(100"/70.06"H20)
=+091" ("A" Train)

=20.0056(113.95)"H,0
= #0638 H20(100"/70.05"H20)
= +0.91" ("B" Train)

Post SB LOCA, Pgy = 150 psig and:

Ssps = 0.5% of reading (150 psig/1000 psig)
= +0.075% of reading
= 20.00075(113.86)"H,O
= 20.0854"H20*(100"/70.06"H20)
=30.12" ("A" Train)

= +0.00075(113 95)'H,;0
= #0.0855"H»0* (100" /70.05"H20)
=30.12" ("B" Train)

Static Pressure Zero Effect, Sspz

According 1o the Rosemount Vendor Manual 4302 (Reference 1), Sspz is determined by:
Sspz  =3#02% URL/1000 psig

At normal operating conditions, Pgy = 1000 psig and the maximum Sspz is:

Sspz = 20.002(150"H20)

= $0.3"H0* (100" /70.05"H20)
=2043" ("A” & “B" Trains)
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At post-TPBOC conditions, Pey = 1125 psig and the maximum Sspz is:

Sspz = 20.002(150"H20)%(1125 psig/ 1000 psig)
= 20.00225(150"H20)
= #).338"H20* (100" /70.05"H20)
= #0.482" {("A" & "B" Trains)

At post-SB LOCA conditions, Pgy = 150 psig and the maximum Sspz is:
Sspz = 20.0020150"H20)*(150 psig/ 1000 psig)

= +0.0003(150"H20)
= +0.045"H 0 * (100"/70.05"H20)

= 40.064" ("A" & "B" Trains)

10, The No Adjust Limits (Instrument Tolerance) and Reset values will be based on the existing
setings utilized. These values are based on the accuracy of the device as stated by the
manutacturer and are shown in PNPS Procedures 8. M.1-325 & 8.M.1-32.7.

11 Combining Terms
Three cases are being considered. These are SB LOCA inside drywell, a pipe break in the
Reactor Building (PBOC), and normal operation. These results are summarized in the table
below.

BIASES
Normal S8 LOCA ~ |Reference

Bias Operation T

Pma +0.60" +0.27°

Ssps , - -1.03" +.157° Note & "

{Correcnon Fatior) -~ .

Cl | - - =¥ie Form 1 i
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RANDOM TERMS

- —
Normal SB LOCA { PBOC Reference
Random Terms Operation (Source of Value)
e ———
| Re *0.71° +0.71° Note 4
Pma +0.83" - Note 8
Sca #0.25" =0.25" +0.25" Form 1
| =1 +0 08" +0.08" +0.08" Form 1
| Sa +0.25" +0.25" +0.25" Form 1
Ssp +081" +0.12" +0.91" Note 9
Sspz +0.43" +0.064" +0.48" Note 9
Ste +0.95" +0.95" $2.53" Note 5
Spse +0.02" +0.02" +0.02" Form 1
Sd +043" +0.43" =-40.43" Form 1
Red +0.13" +0.13" +0.13" Attachment 6
| St *0.25" 0.25° +0.25° Form 1
[ Ret +0.13" +0.13" +0.13" Form 1
?
2 0 +0.71" +0.71"
[ LA ¥ 0 -0.172"
| PA +0.6020.83" +0.27" 4+7.56"
CA +0.25" +0.25" +0.25°
A =0.08" +0.08" +0.08"
"SA +1 58 -1.03:1.0° +015742.80"
DA +0.45" +0.45" +0.45"
| TA +0.28" +0.28" +0.28"
8 —
COMBINED TERMS
Normal SBLOCA PBOC
Operation
Combined Biases | 40 60" +0.27" 103" | +7.72" -0.172
Combined +1.927 +1.36" +3.04"
Random T erms
TLL 1.82", +2.52" -2.387, +1.63" -3.227 +10.76"
12 Channegl Cross Check
| Channel cross check critena 1s intended to be used by BECo operators to determine when a
| channel mav be malfunctioring based on a companson of its indicated value for a plant
\
|
{
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parameter versus the value displayed by the other channels displaying the same parameter.
It 18 intended that this companison will be performed dunng plant normal operation.

P S ——_

e S A S R—

1. Methedology
A Total Loop Uncertainty for Cross Check

The TLU used for cross check purposes is defined as:

14 lipasd - p 12 2 2 2 TR

TLL CROSS CHECK = y(PAJ® + [CA)" « (RA)® + (SA)° + (DA)" + (TA)

where;

PA = Pea .

CA? = Sca?+ Rca?

Note: Rea includes the readability of the meter (1/2 minimum gradation)

RA? = Rea? + Rte [N.O.J2 + Ma?

Note: Rte [IN.O.] is the error due to temperature difference between calibration and Normal
Operation temperature. Ma is the master trip unit analog meter accuracy.

SAZ = Sa? + (Ssps + Sspz)? + Ste[N.O.J2

Note: Ste]N.O.] is the error due to temperature difference between calibration and Normal
Operation temperature

DA? = 5d? + Red?

TAZ =512 + Ret?

Note: Ret is the "As Left” setting tolerance of the meter indication.
The following terms from the equation for TLU in NEDWI 394 are not considered for the following
reasons:
EA and its constituent terms Te, Re, S/Ce, Pe and Se are not considered since these errors are
associated with T'ost Accident conditions and the cross check is performed only during Normal
Operation. Simular reasoming is why LA and its constituents C1, T1, P1, S, and DI are not considered
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The process measurement accuracy, ['ma, constituent of PA is not considered since 1t would equally
affect all channels.

The sensor and rack power supply effects, Spse and Rps, are not considered because minor voltage
+ariations on the 120 Vac buses are well within the regulation capability of the individual sensor and
rack power supplies. Also,a severe degraded voltage condition is not considered, because this is

not a normal plant operating condition

For differential pressure transinutiers in pressurized applications, the static pressure span
and zero error terms, Ssps and Sspz, consist only of the random portion of the error. They
account for the uncertainty in the correction actually applied and are still applicable.

. Development of Channel Cross Check Criteria

The purpose of this section is to discuss the derivation of the channel cross check
methodology to be used at the Pilgrim Nuclear Power Station (PNPS). The purpose of the
cross check process is to detect when a channel's performance begins to deviate from
within analyzed bounds and is performed by comparing an individual channel's indication
against some criteria.

An ideal test would be to compare the channel indication against the actual value of the
parameter being monitored. In this case the critenia would be that "the difference between
the indicated and the aciual value must be less than the uncertainty established for the

channel indication".

However, the actual value of a parameter is never kaown with absolute certainty. Froma
statistical standpoint, reduced uncertainty in the value of a parameter can be achieved by
making a series of repeated independent measurements.

From Section 2, “Fundamental Considerations”, of ASME PTC 19.1 - 1985 (Reference 63),
“Part 1 Measurement Uncertainty", if a series of independent measurements (readings) are

N
made, then the mean value of the series is given by (2 (x;)/ N)

1=]

From the same document, the uncertainty associated with the mean value of a series of
independent readings is related to the uncertainty in each of the measurements in the series

used to calculate the mean value. This uncertainty is given by SMean™ SSerie YN

N \12
where Sseries = ( z (s;F/N ) and §; = uncertainty associated with the ith
=1 P

measurement.

1f the measurement uncertainties are the same (all 8, = SpMeasurement ) then SSenes =
SMeaswrement aNd
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e et

SMean = SSeries/ YN = SMeasuremeny/ YN,

This indicates that if you are eshmating the actual value of a parameter by averaging
several measurements, then the uncertainty in your esimate decreases as the number of

measurernents in the average increases.

If one were to compare the indication of a single channel with the mean indication of
several channels monitoring the same parameter, what would be an appropriate
comparison critenia. The eniteria proposed is that “the difference between the indication
of a single channel and the mean indication of several channels menitoring the same
parameter must be less than the uncertainty established for the channel indication plus
the uncertainty established for the mean value”. Mathematically, the criteria is expressed

as follow<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>