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REVISION 1 SUMMARY

This revision incorporates changes to the methodology for calculation Process
Measurement Accuracy (Pma) and Radiation (Re) Effects. Since these changes
affected most pages (e.g. Form 1, Form 2, Form 3, References, Assumptions,
Methodology, etc.), a complete 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 theinstrument setpoints.
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1. PURPOSE /DACKGROUND

A. PURPOSE

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

The purpose of this calculation is to determine the setpoint and allowable
value (Tech Spec value) required to support an increase in fuel cycle
duration from 18 months to 24 months for Reactor Water Level Switches
1.15263-72A, B, C, D.

-

B. BACKGROUND

The low-low Reactor vessel water level switches, LIS263-72A, B, C and D
trip ESF functions RCIC and ADS and also start the Standby Diesel
Generator at -46" vessellevel. 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 ]NPUTS/ ASSUMPTIONS

= See Detailed Calculation (Section IV) for design inpu ts

Level Transmitters LT263-72, A, B, C, D are calibrated using maximum no adjust limits
of 0.04 mA ( .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 d .25% or better
(Refcrence 46).

Master trip units are calibrated using maximum no adjust limits of 0.02 mA (10.125%.

of span) over a range of 4-20 m A (Reference 23,24). All measuring 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,a frequency 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 waterlevel height. 'Ihe span of this indication is 100".
The span of the differential pressure applied to the transmitter differs from the indicated
water 1cvel. These values are 70.06"H O for the "A" Train transmitters, and 70.05"H O2 2
for the "B" Train transmitters.

1

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. '

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,
shows that these water level setpoints are reached before reactor vessel pressure reaches
400 PSIC.

.

. Reactor and Turbine building normal temperatures are taken from FSAR Taule; 10.9.1 &
10.9.2 (Reference 9), because the FSAR is the most recent, controlled document, reference
source found with this information. The temperatures are assumed to be correct

;

bacause they are the same as the temperatures identihed in the Bechtel Design Easis '

Report 6498-HDBR-05 (Reference 60).
,
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A large break LOCA scenario is not evaluated for its effects on these level loops because.

the primary protective function for this event is provided by the High Drywell Pressure
instruments (Reference 7).
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IU. REFERENCES

1. Vendor Manual V-009S, Rev. 9 (Rosemount Instruction Manual 4302, Rev. E), *Model
1153 Senes B Alphaline Pressure Transmitters for Nuclear Senice"

2. Vendor Manual V-0243, Rev. 3 (Rosemount Instruction Manual 4471-2, Rev. B),
"Tnp/ Calibration System Model 710DU"(Operating Instmetions)

3. Vendor Manual V-0243, Rev. 3 (Rosemount Instruction Manual 4471-1, Rev. A), +

" Trip / Calibration System Model 710DU"(Maintenance & Repair Instructions)

4. PNPS BECo Work Instruction Number NEDWI No. 394. Rev. 3," Methodology for
Calculation of Instrument Serpoints" ,

5. BECo Cale. No.1-N1-21, Rev.1,"Rosemount Dp Transmitter Calibration Correction for
High Static Pressure"

6. BECo Calc. No.1-N1-24, Rev. 0,'' Reactor Water Level Instrument Calibration"

7. NEDC-31852P, PNPS Safer /CESTR-LOCA loss-of-Coolant Analysis, September,1990.

8. PNPS Procedure 2.2.SO, Rev.10, " Reactor Vessel level, Temperature, and lnternal
Instrumentation"

9. PNPS FSAR, Rev,14

10. BECo EQDF No. 329B, Rev. E2, " Analysis of Bechtel Cales. E-504-1, E-524-2 and E-
524-3 due to PBOC.

11. BECo NED No. 85-237, March 8,1985, " Cable Spreading Room Environment"

12. BECo Dwg. M1001, Sh.129, Rev. E1," Nuclear Boiler System Reference Leg from
No: Ele N15B to Penetration X-29C & X-82B"

13. BECo Dwg. M1001,Sh.128, Rev. E1," Nuclear Boiler System Reference Leg from |

No:21e N15A to Penetration X-2SC & X-82A"

14. EECo Dwg. M632, Sh. 20, Rev. E1," Temperature & Pressure Pipe Break Outside
Containment (PBOC)"

15. BECo Dwg. M632, Sh.10, Rev. E4," Temperature & Pressure Pipe Break Outside
Containment (PBOC)"

16. BECo P&lD M253, Sh.1, Rev. E24, " Nuclear Boiler Vessel Instrumenta tion"

17 BECo P&lD M253, Sh. 2, Rev. EIS, " Nuclear Boiler Vessel Instrumentation"
,
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18. BECo Elementary Diag am E727, Rev. E3,"ECCS Analog Trip Cabinet C2233 A Section |

A ''

19. BECo Elementary Diagram ET29, Rev. E3,"ECCS Analog Tnp Cabinet C2233B Section
A"

20. PNPS Q-List, Rev. E50

21. PNPS Procedure E.NL2-S.1, P . 5," Calibration of ATS Transmitters Rack C2205"

22. PNPS Procedure 8.M.2-8.2, Rev. 7," Calibration of ATS Transmitters Rack C2206" >

23. PNPS Procedure S.M.1-32.5, Rev.13, " Analog Trip System - Trip Unit Calibration -
Cabinet C2233A, Section A" .

24. PNPS Procedure 8.M.1-32.7, Rev.10, " Analog Trip System - Trip Unit Calibration - |
Cabinet C2233B,Section A"

25. SECo Dwg. M1002, Sh. 20. Rev. E2,~ Reference Leg Piping to Instrument Racks 2205
and 2275"

:

26. BECo Dwg. MIP 312-3, Rev. E4, " Arrangement Drawing Reactor Protection System
Instrument Rock C2205"

27. BECo Dwg. MIP-319-2, Rev. E3," Rack 2206 Sh No. 4 Arrangement"

23. BECo Dwg. M1002, Sh.16, Rev. E1," Nuclear Boiler System Instrument Piping to |
C2206"

29. BECo Dwg. M1002, Sh.19A, Rev. E1,'Nuclea r Boiler System Reference Leg Piping
from X-S2 A to C2251 & Capped Piping from X-2SA"

30. BECo Dwg. M1002, Sh.124, Rev. EO, " Nuclear Boiler System Reference Leg to
Instrument Racks 2205,2275 & 2251"

31. BECo Dwg. M1002, Sh.125, Rev. E0, " Nuclear Boiler System Reference Leg to |
Instrument Racks 2206,2276 & XS2B" t

32. BECo Electronic Analog Data Sheets
;

a. M209A-DS-165-1, Rev. El ,

b. M209A-DS-165-2, Rev. El
c. M209A-DS-166-1, Rev. E0
d. M209A-DS-166-2, Rev. E0
c. M209A-DS-56, Rev. E0 :
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f. M209A-DS-61, Rev. E0
g. M209A-DS-66, Rev. E0
h. M209 A-DS-6S, Rev. EO

33. BECo Nedorandum N AD #91-78, November 13,1991 " Analytical Limit for Reactor
Water Level Low-Low Setpoint"

34. CE Letter LLC-55-91, November 12,1991 "PNPS Safety Evaluation for Changing the
Analytical Limit for Low-Low Reactor Water Level"(includes CE Attachment DRF
A00-03933)

35. Rowmount Letter from T. Layer (Rosemount) to B. Raneourt (BECo), November 13,
1991, "Model 353C and 353C1 Performance Specs" }

36. Crane Technical Paper No. 410," Flow of Fluids through Valves, Fittings & Pipe"

37. SUDDS/RF # 91-178 (CE Letter LLC-52-91, November 15,1991 " Analytical Limits for
Scram Water Level an,d HPCI/ ROC Water Level Trip for Pilgrim")

3S. DECO Nedorandum FS&MC 91-176, October 11,1991 " Reactor Vessel Thermal Growth
Effect on Reactor Instrumentation"

39. Rosemount Letter from T. Layer (Rosemount) to B. Rancourt (BECo), August 8,1989,
"Rosemount Nuclear Specifications"

40. PNPS Technical Specifications, Rev. No.161

41. Environmental Qualification Evaluation Sheets:

a. LT263-72A, Rev. I
b. LT263-72B, Rev. I
c. LT26.t?2C, Rev.1 !
d. ET263-72D, Rev.1

42. Rosemount Report DS600063, EQDF No.394, Rev. A, " Low Level Radiation Dose Rate

Test Small Break LOC A Test - Rosemount Nuclear Pressure Transmitter Model 1153
Series B"

,

43. NRC Ceneric Letter (GL) 91-04, April 2,1991, " Changes in Technical Specification
Surveillance Intervals to Accommodate a 24 month Fuel Cycle'

44. ABB Impell Project Instruction 2S-226-PI-001, Rev. 2, " Data Collection and Analysis"

45. ABB 1mpell Project Instruction 25-226-FM02, Rev.1, "Setpoint Calculations"

46. PNPS Procedute 1.3.36. Rev 12, " Measuring and Test Equipment"
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47. Safety Evaluation SE2279, Rev. 0," Modification of Control Room High Efficiency Air
Filtration System Heater Controls (CRHEAIS)

48 BECO Calc. No. I-N1-23, Rev.1,"ECCS/RPS Analog Trip Panel Cunent Drain"

49. GE NEDO-21617- A, December 1978, Limnsing Topical Report " Analog
Transmitter /Tnp Unit System for Engineered Safeguards Sensor Tnp Units"

52 BECO Dwg. M292, Rev. E14. " Control & Cable Spreading Room, Intake Structure,
Access Control, Warehouse & Machine Shop Air Flow Diagrams" '

51. Specification E-536, Rev.1," Environmental Parameters for use in the Environmental
Qualification of Electrical Equipment (per 10CFR50.49)"

_

52. Vendor Manual V-0098, Rev. 8 (Rosemount Product Data Sheet 2302, Rev. 6/90)

53. BECo EQDF #359, Rev. E0, ~30 Month Stability Specification for Rosemount Model
1152,1153 and 1154 Pressure Transmitters. Rosemount Report DS900126"

50 BECo NED Procedure 3.05," Design Calculations"

55. ABB Impell Quality Assurance Manual Procedure QP-3.4, Rev,6, * Calculations"

56. Rosemount Report 78212, Rev. A (EQDF #395), " Internal Thermal Response of
Transmitter Housings to Steam Impingement" s

57 ASME Steam Tables,5th edition
,

SS. Environmental Qualification Data File (EQDF) Ref. 4, "ERHS 82-34, Finalized I.E.
Bulletin 79-01B Equipment Qualification Radiation Exposure Levels, Worst Case, For ,

Various Code Areas Within the Reactor Building (40 Year Normal Operation + a
,

HELB Accident Scenario, With & Without Core Damage)

59. GE Report CEK-83395, March 1934," Voltage Converter Operation & Maintenance
Instructions - 147DS661P1"

60. Bechtel Report M98-HDBR-05, Rev.1, " Design Basis Report Control Room, Cable
Spreading and Computer Room Air Conditioning System", Enclosure in Bechtel Letter
17322-CBLE-91/002, Dated 6/28/91, S.Veale (Bechtel) to R. Fairbank (BECo).

61. BECo Drawings M209A5 Sheets 1-5, Rev. E0," Meter Face Illustrations RPS/PCIS &
ECCS Analog Trip Rosemount Model 710DU Master Trip Unit"

,

62. PNPS Procedure No. 2.1.15. Rev. 92, " Daily Surveillance Log (Tech Specs and
Regulatory Agencies)"

!
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63. ANSl/ ASME PTC 19.1-1955,"Part l, Measurement Uncertainty"

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

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

66. Engineering Operabihty Evaluation, Reactor Water Level System, Rev. O, ORC #92-72

67. Rosemount Procedure DS700142, Rev. A (EQDF #396)" Beta Contribution During
Radiation Exposure Model 1153B Transmitter"

68. BECo EQDF #394 A (ABB 1mpell letter 25-226-037), March 16,1993, " Evaluation of ,

Rosemount Test Report DS600063 for Applicability to BECo Setpoint Control Program
Pro}ect"

~~

Note: Additional references are located in Note 14, Transient Analysis of
Reference Leg Heatup.
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IV. DETAILED CALCULATION

A. METHODOLOGY

This calculation is performed per ABB 1mpell Project Instruenon No. 25-226-PI-002 (Reference 45),
DECO NEDW1 No. 394 (Reference 4), and NRC CL 91-04 (Reference 43). The format of this
calculation has been specifically modif ed to 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 limit for Reactor water low-low water level (-56.9 inches
from instrument zero) provided by CE in CE 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-lef t instrument calibration data is statistically analyzed to calculate 95%/95%
probability and confidence level values for LIS263-72A, B, C, D. The values are derived in
accordance with ABB 1mpell Project Instruction 25-226-PI-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 drif t. 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 (13A) Recommended Practice. For Rosemount trip units, Rea
(repeatability) is N/A, because Rosemount 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 manufactu rer's drif t specifica tion is used for transmitters LT263-72A, B, C, D, because there
are not enough data points for a valid statistical analysis at this time.

This calculation covers four redundaat loops. Where individual loop values differ, the values for
cach4 rain are compared and the worst case train is used for conservatism. If a loop is required to
function during one or more accident scenarios, 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 scenario.

Pma is calculated for norrnal operation and two post-accident scenarios. The normal operation
Pma is 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 scalmg calculation 1-N1-24. The two
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post-accident scenarios, PBOC-2T break inside the Reactor building and a SB LOCA inside the
drywell, consider the temperature effects on the referenceleg as well as dimensional changes to
the Reactor vessel. Maximum and minimum temperature during normal operation were
obtained from Reference 9. 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
statistically 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 printouts
are included in Attachment 7. The results show that none of the data exhibited time dependency
and suf6cient data is bounded by the 95% probability /95% confidence values to establish that

,

they are valid estimates ofinstrument drift.

All errors identified in this calculation are individually evaluated to determine whether they are
random or biases. In the context of instrument uncertainty,itjs accepted within the industry that
random uncertainties are those uncertainties that a manufacturer specifies as having a T

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 example,-0.95 7 0.5 inches) may be split up so that the

random part (T 0.5) is combined with other component error terms by the RSS method and the
biases (-0.95) 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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IV. DETAILED CALCULATION

B. LOOP DIAGRAM ,

|

See Attached Loop Diagram, Page 15

._

;

1

;

!
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LOOP DIAGRAM
LIS263-72A, B, C, D

REFERENCES:
ii '' M253 SH.1 M1002 SH.19A

E727 M1002 SH. 20

E729 M1002 SH.124

CONDENSING M187 M1002 SH.125

POT 12A

REFERENCE LEG
_

V

,

N
L

,t

74'-3" EL.

51*-0" EL.

VARIABLE LEG

C2205A~;

I ,

L -]LT Lis

CONDENSING |
'

POT NUMBER LOCATION NUMBER LOCATIOt4 CABLE
LIS SPREADING

12A LT263-72A C2205A LIS263-72A C2233A 263 ROOM
72A

12B LT263-72B C2206A LIS263 72B C2233B l C2233A
'

1 '

12A LT263 72C C2205A LIS263 72C C2233A

L_~ CSCS

12B LT263-72D C2206A LIS263-72D C2233B LOGIC

,
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IV. DETAILED CALCULATION

C. CALCULATION

See Attached Calculation, Pages n through 8%
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instrument tiumber Q (T243 - 12 A,B.c. D : B) us2(.3 - u A. B,c, Dg , _

FORM 1 INSTRUMENT DATA Page 3 0,9y y_

4 9 fJ
TITLE DESCRIPTION / REFERENCE REMARKS

VALUE
h ge i

E 7 e
b' N I BI " ''" * * ' ' ' ' ' ' ' ''

INSTRUMENT g2g3* g'g # '' "

NUMBER 1) u s 2 63 12 A* B*C,I) el.s t .eq ui sh be%, r o ib,rea. .n
E N g ~

- H'r / t , ma ste, f e ; p ., ; g ,Ln d m
#

f R##* L*"~b"W h* 1 A ~ D* ' '' S''' A#

W 3 ter leye| MIo' A P5 * 14' ~ In A.g- SER My

E,, E $ DESCRIPTION M 2e9 A- DS* E L, Lt. LL, La
_

am c, g

CQ B f te QLd
CUALITY

E b {3 O CATEGORY B) Q -r-

(cabteet C2.2 33 A, B)

g EE 4 2 "' *

J P' 'I Ij SE - k E IV AONMENTAL g
a MM P 8 COAT.'elCATION

h-EI h
O '

GENERAL y

.9 ' INFORMATION2 9,g ,,g )g M SI 5"i ~' 'I - -

@g
te ,, , s na tee Rcrc., A,,t.SAFETY FUNCTION'g

O (IF APPLICABLE) Bl. d -,a ( C*'* Sgras)
~

o g
sia f s ta ndby cl.e ,e t ,h

* a.. z
o' P <

Pr4 f5 Teck S ere . , e xist.'q T?,h s p ee is atS h TECHNICAL 81 3 " Am No. IM er a bn e - y eg " t o eg ,e , ,c,
h % SPECIFICATION

>, o (IF APPLICADLE) T a ble 3 2. A le ve l-
e ?
, r-

e { A) 9pse mou n t M2e9 A D S- 14 5 1,2

MANUFACTURER M2o9 A DS* 1L4 1,2
$ g M te% A. D3 - SL,Lt.LC f.8
h Q q,9 4

s _

q ; q tl S3 D B4 Rc M ool2 Mie9 A DS ILS l A
MODEL M2 cq 4 - D S- |LL 1,2.o '

(n _" NUMBER M2 o9 4. DS- 5f. 4 tek 4, L B

Q lto Duo 1 T H Sot.8-' 8 -48

_ _ , - --. .- - , _ -. . - - . . .. - . _ . _-- .



Instrument Number ') LT 265 U A, B,C, I) t B') L |5 Zte 5 12 A, B ,c , I)n; g ,

<

m L. FORM 1 INSTRUMENT DATA Page 2 cf 9*m
1
v P

TITLE DESCRIPTION! REFERENCE REMARKS
, , VALUE

e Tc 5 6

$ d d
*HAD^*" m lb

, t, , , A g ,, y ,, g z,
ANALYTICAL *Sueb$lV " U ilBe

~ b b' 'b" "I2 a Q LIMIT ( AL)

f @

Fo e % t ?^ct 3~ r ALLOWADLE
VALUE ( AV) - % . 5 2. " M

( 7 g ,3 g
W

> TRIP Fe m % Pact >
- 'i b ' "i " (tm3 ente) 4/A53 c-

im b $ p SETPOINT

P", n g .Pr*r 8'i V"3
MA P" fu - RESET a

;- $ ] -Q (5.2 8 , A} 8 gli B.1 See dete 10g
g tsus 4 a.

PNU E'u " N 'e 2 2.803 g g5 y G NOPMAL 4 .

o a g OPERATION gO b.b p .14,15'
'

$2
5~ -h k INSTRUf.iENT UPPER LIMIT (NUL)

-

5 SETPOINT f
^

, r!ORMAL -~ PN P5 9,e e e et o r e, 2.2. S o ,
*g g g | O:'ER ATION fo " %. 10, p.24,25

o z El LOCER UMIT(NLt.)
'

8 0 R
'

<
@ $ p) ii3 oi - 41.95'~ Hao n'y rio % .93.its-i, -irr..) ti) tt U p g ( g ir.,- T

ROCESS$ g) g ,3, o ,i . q voy - w,o g4 g sm. os. > < $.2, . iu -1. ,,) u p g, p t t h ,agp
e o RANGE B) - Go (* So ' O M*"'D''S'*"'"''D O ''S 72A.B3.D
$ h (Nott: spm * soo')

7 7 Fa ., 3' PAG ( 3
'~2 OPERATING gg"r- " ^

M ARGIN (OM)* This e a te.
J

o n

h * Note: Adequate Operating Margin is required between the setpoint and the Normat Operation Upper Limit or Lov.er
"

Limit, as applicable, to avoid inadvertent trips due to process noise, transients and measurement uncertainties..p ,

.g. 3

- . . . _ _ _ _. ._ ,-



Instrument tJumber ) LT 2 45 12 A B,c, o : B) Lis 2r 5- u A, B,c. pa.E O -

FORM 1 INSTRUMENT DATAs -

5 k k Page 3 of 9

TITLE DESCRIPTIOtil REFERENCE REMARKS
D b VALUE

E 1 7 '>
g g #

%,-+ P"* ' unt: Hee <9ame L-W.a ADJUSTABLE O ISO * H O
( L R '-)h

o (@2f y h 1553DB% . pi'e s S*^1eRANGE o - 25 " "' D
? O cae 4 ubch kasi

gSo" tt o uRL.
i

* L RL : (,ur s R4 9e b6!tE :

N $ k M 153 S H. t
INPUT SIGNAL
FROM LY243~ Db haC. D (121> se (119 -

k $-

up u gF 0d 5'8 EE *
M 2 %'"* S''a L% see a u v,<5cc

~~

4@ II . E. CAllBRATED get,,q req, ef f sv ef La

g INPUT SIGNAL M.Ro m A ss g g . p s .''i t r. . t, to
EE " "#" n r.% g . e s. sc,s i,u. ,60 gg g o . vg3"H,c, Tw.3

g

It1STRUMENT
$ II -O { SETPOINT { (**'*8 M 8 I* ** '* P#

DATA (CONT)
( 3p%'- U y, m g) SV *l f'e ~ Lt Jo - A

,

ng *f Mt5$ 59 4
}$ OUTPUT c sc. S Leq .'c,'j 9 R SIGNAL TO II#9 t4 /A'

g $ 19 A - (5t A, B,c, p
C M $ I-y a F

$ cui.w
OUTPUT S!GNAL C c N T Ac.TM i- CAllBRATED 9051T to t4 y gg

4 3 RANGE
a X cygg
* 8D ~

SETPOINT A) X4 wmk3 Al '4 RC GL 'O*0%
v nt rego;" & Ptitho I CAllBRATION

Ri # # **10-FREQUENCY g 43 y Se, Desg.,I /
03 -

Assu pt a.ws citse,
(HoMir4 R L) %4 C ''C-

_ - _ - - _ _ - - _ - _ - - - - - _ - __ .__ .. . .



Instrument flumber @ LT2bba "I 2 4 B.C . D ' bli b 26 's * 12 4, B.C. Dm "q o

FORM 1 INSTRUMENT DATA~ .
to I % pago 4 or 9
* P P

TITLE DESCRIPTION / REFERENCE REMARKS
r # VALUE
-

,

E 9 E '
$A v

Senses te- g e rr~ ' (St* )TEMPERATURE Je cey n h fu@ Te ,
EFFECT (To) NIS1 e_

g y
ser dete 55

0
*Cour ' J 9 4, 8%%

RADIATION 3cc yequ

? E b +O' .Coer 83..

EFFECT(Re)
~

g g g * (o e r , M 6
\A

g;%
ENVIROf4 met 4TAL

o4t artlicable to comrearnts
ALLOWANCE (EA) STEAM / CHEMICAL5

y,,a :. eg,we d. E ffe, h
@> h @ FORM 3 STEP 1 SPRAY EFFECT g/A '""

PEMp de to a CBoc. 4 Rn biaq,N s (S/Ce)

]8 g g $ $ are ne,glig: W .
,d

* ~~s Hss t sn. to% " EE % 9 PRESSURIZATION sees 1e r n.f,,,g r ess a r e tra-s,, n qg% g,g y g 3, , 3,i ,,a 9 ,, noMM b { (EXTERNAL) N/4
g g EFFECT (Pe) g 4,, ,, f, ,,, ,, ,qg gy ,

, o y
- ''

-
' O 3

.b e Ret . anals ,1, cioe.$ cot h av- fo
$ 0' f

SEISMIC EFFECT
'

n -

D S 3eci bi e=^5 iele r Pbot 8<A seife'ic -

(S0) N!b
3 h @g *[c% g- arr a g,] 7 e tber. WerSt case is9

P Bo c .-,n

g h ~'ll2Z 3Paa . (a br " Sao . i12 x is m 12 A. Tn;3 .23CABLE LEAKAGE
{ (Cl) :(,ru Kj(ice * ) 2 -0.112 " tb la'y.t e , r. , gwe

us cn
,

y r-

y mes t csssee n t ivew
CIRCUlT a n ., ~ p p .. (see fla, 3')e

' o LEAKAGE Em Jenp as ..t k a,e 2-i,

ALLOWANCE (LA) ' f.f
^ ,

# "' I# ' ~ " " '" " ' '' # ''GE Tl h/A
g FORM 3 STMP 2I

d -
Ecce S a 9 6, M ,,w e n .,c%, t s , A ppt ,gt,

eat 3 to are.arat e .r. ,nt3

E C't ji
,

ortu s o+Ie 3 31 cit |w'll res, s s$ PENETRATION
t

D29 hP5b f a ' '''' *" ^t s - l~ pm
LEAKAGE (PI) N/A $

c%f3 cet h a,,e 2.,9 c , ,, ,, , g* 9
* ble k pc ep e it tM
d q uscit.

.. . , . - - - -



instrument tiumber @ LT 265- T Z A B.C.D : '8) L \s 2 r. 3 12 A, B, C , Dr
Q O _.

'

FORM 1 INSTRUMENT DATA~ ,

x Page s ot 9
1,e

*
s 73

TITLE DESCRIPTIOff! REFEREtiCE REMARKS-

, VALUE

! h" * s
.Cobf 3 2'E 'IdM'b'd b'*1 Sb''#' SP'"5

0 q SPLtCE LE AKAGE ( 321 P<r VW a r rt &s ret- -

$ y n (SI) ti / A G21 C*"I''''" '" W * k '1 '
.

A U .

c.ue,*s
CIRCUIT

E i LEAKAGEe
y j g ALLOWAtlCE (LA) % ,-ove, letur f, . , "( m ifeFe,htri re ac+ t yo,u (cot 4Tif4UED) yt,,,, f. S,Q, m o,, w ai ~1 34d ; y p - G ..a~ e

EA GE (D ) N Ib ("I M'l-Ref.55 '''''"d*'''* '"''#''''"'',$z
p e r (c < , > - r e .. e,, ei s e g r{h b h

{@ d < /co * f ,d d3 [ E$
ce s.i.c a f eay

j?nn Z g t1.s6'' RBoc) . B Cc,, c sic. I.ni . zu
'

,,

vhSE ,$ 9 PROCESS + o.11 IS B LocA) . i ., r s c m e .. ci t . n g
3,, g 3#

j$MM { MEASUREMENTr c)
IgW 'O 5 PROCESS ACCURACY (Pms)

,,O, 3 3.* H,,, ~ a t Q .MM mea - T'a lt e>"

y
z o 3 ALLOWANCE (PA)

FORM 3 STEP 3g g g 3 g 3, sg, g --

r- w w M e, go;-><.; e v ~ a .,T2 z n PRIMARY g/A
O P R ELEMENT'

@ g ACCUR ACY (Pea)
O $
* 19

T E '. 2 5 7. J <c a ' ** N .b e -ev ai 13cA, 6 |cic c a b b e r t .<, + eqv t -t te be
p

U h SENSOR 3B) b Pre ve M- Js, g,3 7,po.) , rg ; 57 y CAllBRATION pnp, Procedo'c l 1 34> I'#''"*#^i''"^.

S E CAllBRATION ACCUR ACY (Sca) ( s e a , S a') ( *>" t V e 7.)y 1 ALLOWANCE (CA)

y RACK EQUIPMENT Set me o t Pt helud d #15 /9 5 %d9 'a

$ CAL!8 RATION # ' * 4 '' ' tMS 81 - wine. (5--
g TC"UR ACY (Ren) O hw a r.. e et Q"

.k'
(yg q,n Stat:31;c e\

-*4
A,,et o:G

_ - --. . - _ - _ - _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _



instrument flumber g} LT2G'6- V A, B, C, D : B)L \ $ 263 - 1)(1, B, C, Dg ,

_ , _

FORM 1 INSTRUMENT DATAa m
m i A page e or 9
*

)Gn

TITLE DESCRIPTIOf1/ REFEREf4CE REMARKS- x VALUEM Ee
- o ,>

A d. #

- yee., m e, val y-ox%3, To ..m a u s, ,, .g. '.. ' ~ ' vw
repeatebit:6q D'r Redp,q in

RACK EQUIPMEf47 * *e mwn r W H - 1,g
ACCURACY (Rea) ink Sev $)

. F., mite an.o,3,use
Rew s p ,, , f.e 4et3u 4
#f VI Vf #{U ;-, * y,q# ff e i 8 hs l6 4 q,

& 3 g
tie t hod et epg

*
C 13 */. * pan*

u

' 26 /' 3 P " / loo * F + \fre, equo,; .f-e g [S

" g P' O j RACK * 6 0 cal fie*3(Go elo)*F E' Di

@eeemos*t 4911-1)
haste, tin,f on;g)o j,i TEMPERATURE foe pgg

EFFECTS (Rto)s, o o% SW $ 9. 2 0 . o C ,,so

@ MM in O_

h3EW h RACKo
!"Z O EQUIPMEtiT

3 ALLOWAf1CE (RA)n
# 8 8 FORM 3 STEP 5 S'' bole 4
0 2 2 RACK POWER
5 [ SUPPLY EFFECTS NlA -

P e (Rps)o

$
'

r-

N $
r s-

$ k
,

! e s
3 1 RACK EQUIPMEtiT gg

MISCELLANEOUS
EFFECTS (Rmo)0 , -

E
'

; m

N
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Instrument Number d) LT2(35- TZ A,B.c.D : s')Lss2 4'5- 12 A, B. c . D{ O -
_ _ __

FORM 1 INSTRUMENT DATAy y raco7cr9: 93n

TITLE DESCRIPTIONI REFERENCE REF.1 ARKS
3 , VALUE

e 'l E> -

5 0 . . G */.* span R., % f w, c, f q 0
See alSo bc8g SENSOR D ASIC . A S '/. ( t o o -) (N. cc%B )g

g u
ACCURACY (Sn)"g to 25"e

e
t i --

. I 5 3 e ,9 f. (PBoc) *Bte C*t.J "t-2i+r1 u -o
3c, pg, q

SENSOR STATIC f.o 3 t , tg . ' p e w A] . g..e o g We
g PRESSURE SPAN .s.,gi(Smnep) . c c sg de,. pa gx p, q |qo

''

% p SHIFT (Ssps)r-

A gP {ro

Y f gg h '. 2 /. unt / soco p o 'r; o m. 8er"**snt Mbot, scg Hete 9Y k SW $ k SENSOR STATIC ! .3 8 ' ( r e14 pe tq) PBecgg 'm 8 PRESSURE 2ERO
o

25W '0 k SENSOR SHIFT (Sspz) t o. c6 i, * Se told 9
*

,

3
,

2 _O ALLOWANCE (SA)'

FORf.i 3 STEP 6 roq5" (n ~4 op) * E*','[*^),[[ fee #*\'p 6 See Nih $E $ $ ,

TEMPERATURE
EFFECTS (Sto)

if,g3"(p.pgoc} " 'I'* "'N W W$
"

@P
5! *R*$r e Li ' 6 "<

T. t e y,, to B.Reacevet
Q h

.

f e l%It4)
,
x c> ?.
T g T. c e 6 */, s pe a/ yo tt * }'ge7gy} ## O"og 8

U h SENSOR POWER [ .g*/,(n.11,s y)(goog/,,ef,
_

. CE CC 1 - % 3 335, SIBMT j SUPPLY EFFECTSo r (Spse) t O. of ''*

0 2
x 9-
/

, SENSOR '

$ MISCELLANEOUS N
, , " ' EFFECTS (Sme)g

-. v,

w



Instrument flumber h LT2O 12 A, B, C,D : Q LtSZ(,3 12 A B, C, D
..._ _ . . . . . . . . .

m
; o -

FORM 1 INSTRUMENT DATAy g Pag 3 0,9,
- r- p

TITLE DESCRIPTIOfi/ REFERENCE REF.1 ARKS
; , VALUE

e |;; r
C 7 .'.

f .h 7. uPA / ?A -math s en .C hb F' 3B'i
* Vw

9e see e.on EZ A,SENSOR DRIFT
9 i g (Sd) ! (. cec ( 15o " 40) ''letbuteterig
h N ) 2 .3' H O: 2

o er
(. 3 * H oXioc'1,3a se

E?
~
k DRIFT k C4

'

# '. ALLOWAf1CE (DA)* "
FORf.13 STEP 7

@> t pg LFtt Sieb e cat * %\ case ca w tsi-A valueco RACK EQUIPMENT .15 % 29 " .

E hhn h @ - .
.bb 'I'n O S b#' ' ,

'
*DRIFT (Red) }g{ "

Yd. ggg Z ?.
'' '*' ~ '

th e thi , vev h A3
ZgW p k 95 7. [35*/o prob a E ):1g(

te

c) 2_3<gg ce f.de ~ a l e 4 ,1.
535W .o $
3 0 3

-

,

tio Aaivo L;~ , I . cM- A P r<p , 9, ee rd w er s pgg p3 g pg ,g (, .

E 8 O SP"' '' ~ ATOLERANCE (St) wet to e e e ed t b' 30 z 11 fte Actici U ;t ( v. , p .4 8 h.2- 8.1, 61
$ P

...%a W ue.
to < -

g,2 i.25 7.P o
y y Cr.esscow-) a t.2y'*n

o 1"
nen .

E TOLERANCE
'*

$ ? ALLOWANCE (TA)
' ' * *0"~

7 f FORf.13 STEP 8 m Aape+ Lt a . !.e1 A p u p3 Pr e e r ce,,,, , pues No Adie t L ,; tE RACK EQUlPMENT 5c- s, .. i ; - a0 $ TOLERANCE (Ret) g ga;,o L: ;, (y, ,g ,) g,g ,g , g g, c,, g g,3
g g , , ,3

1y NhluC.! .ogR=
., . **

swn
k $ (r.co t$yice') * 10.6"?

b ~

Hon tm u
"d 4 (7.co t3}l4* 4) : ! . o"),,4

-- -

_ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _
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|
,

| FORf.128. CALCULATION SHEET (DECREASING SETPOINT)

Instrument Number tT M -i % B.c.T, : L15263 - U 6, B.C. D
PARAMETER DESCRIPTIOfJ ABBREVIATIOfCVALUE* COMMEf4TS

1

1 NORM AL OPERATION o
NUL= 40UPPER LIMIT g

NORM AL OPE RATING BAND

NORM AL OPERATIONI a
40NLL =LOWER LIMIT j

RESET VALUE RV= *M" I'. p se t p=;, t der 3
OPERATING MARGIN OM= 6 fo Sol nem to kp

TRIP SETPOINT Tsp". -4Io.14 * "I O'" b"#

d L Re>rt veu Wu
I

| DRIFT SENSOR DRIFT Sd . I * 4 3 ,,
ira n N S&me

'

ALLOWANCE (DA) RACK EQUIPMENT DRIFT Red = 2 . t ?,"

TOLERANCE SENSOR TOLE RANCE St = f * A6 ~
ALLOWANCE (TA) RACK EQUIPMENT TOLERANCE Ret = f.IL* I

ALLOWABLE P

VALUE Af* = N '32~
y

ENVIRONMENTAL TEMPERATURE EFTECT Te . HIA
ALLOWANCE (E A) RADIATION EFFECT Re = 1 0.11'' 5,, Neh at

STEAWCHEM SPRAY EFFECT S/Ce = N/A
PRESSURIZATION (EXT.) EFFECT Pe = v4 f A
SEISMIC EFFICT Se = NlA

CIRCUTT LEAKAGE N CABLE LEAKAGE Cl = "IM*
R ALLOWANCE (LA) TERMINAL BLOCK LEAKAGE Tl = N/A
g PENETRATION LEAKAGE PI = H/A
;$ SPLICE LEAKAGE SI = N/A
$ , SEALING DEVICE LEAKAGE Di = n Ht
o V '

PROCESS d PROCESS MEASUREMENT Pma = + L 5 fo " 5" N* e H
i

g' ALLOWANCE (PA)
ACCURACY I

p PRtMARY ELEMENT ACCURACY Pea- N IA |

b CALIBRATION h SENSOR CAllBRATION Sm.,_ t .15 "
ALLOWANCE (CA).'

ACCURACYO
r nAcK EQUIPMENT CAltGRATION Rca = 0

p ACCURACY

RACK EQUIPMENT b RACK EQUIPMENT ACCURACY Rea. HIR
i

ALLOWANCE (RA) RACK TEMPERATURE EFFECT Rie = * o9" |.

RACK POWER SUPPLY EFFECT Aps = N1A
RACK EQUIPMENT MISC EFFECT Rme = a / A

h #

SENSOR SENSOR BASIC ACCURACY Sa = 2.25
.

| ALLOWANCE (SA) SENSOR STATIC PRESSURE SPAN Sms = t . t 51 ~ ! . 9 8 " 3ef gue gg
SHIFT

I O.HB " gee Notr QSENSOR STATIC PRESSURE ZERO Sspz =
SHTT
SENSOR TEMPERATURE EFFECTS Sie = ! 2. 53 - ser rur 5 i

'

SENSIR POWER SUPPLY EFFECTS spse = . o ,r **
| SENSOR M:sC trrECTS Sme- yiA

i i
AN ALYTIC AL L iMIT

' AL = - 5 b .*I ..

Setpoint Calculation
i

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

1 N4 4N 7Fb u /,/41 Jk 5$ E$ J B NO. 25-226 FAGE

O 3wc ib e 193 TJt 21elg [ hhh CALCHR OF
REV sy i DATE CHECKED DATE' ASEA BROWN BOVERI Q

| ABB iMPELL CORPORATION C 25 * AM - C ood
!

* NOTE VALUES ARE IDENTIFIED FOR MAGNilUDE Of tY AND ARE IN ACCORDANCE WITH THE EOUATIONS ON FORM 3 I

" NOTE. CALCULAT E D VALUE FROM FORM 3

D-4



FORM 3. CALCULATION SHEET SHEET NO.1 OF 4

INSTRUMENT NUMBER LT2(.5 - u A, B. c. :o : Lisn3- U A. B.c ,D

1. ENVIRONMENTAL ALLOWANCE (EA) Du f4ote1j}

E A = V (Te)2 + (Re)2 + (S/Ce)2 + (Pe)2 (3,)2

E A = V ( tt/A )2 ( 3,y )2 + ( tt/A )2 + ( t4/A )2 ( gjg )2 ,; 33-

2. CIRCUIT LEAKAGE ALLOWANCE (LA)

LA = CI + TI + P1 + Sl + DI
~

LA = .1H " t4/A + Nl A + 916 + h /A = . til+

3. PROCESS ALLOWANCE (PA)

PA = V (Pga)2 + (Pea)2 4 % ,,,,(peec}_

}.bb" b% bier tiete {1}PA = V ( )2 + ( N /A ) 4 =-

4. CAllBRATION ALLOWANCE (CA)

C A = V (S ca)2 + (Rea)2

C A = V (1. 2 5 '' )2 + ( O )2 r.25 "= ,

5. RACK EOUIPMENT ALLOWANCE (RA)
~

RA = V (Rea)2 + (Rte)2 + (Rps)2 + (Rme)2

RA = d ( n/A )2 ; ,+,o g )2 ( gjA )2+(,4jg )2 = 3 .08 "
,

6. EE!4SOR ALLOWANCE (SA)

(Sa)2 + (Ssps + Sspz)2 + (S te)2 + (S pse)2 + (S me)2 ygg,m,(pg,e\pdA=

S A = \ ( T.25")2 ( f 3g** 7,tgg-)2 (22 53' )2 ( y, cz )2 ( gjg)2 4.1 51l

S A = 1 .9 0 4 i S ~t2
[see Not e 11)

,
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FORM 3. CALCULATION SHEET SHEET NO. 2 OF 4 ~

- 7. DRIFT ALLOWANCE (DA)
.

'

D A = V(Sd)2 + (Red)2
~

D A = V( r ,41 " )2 ( : ,,3 )2 =2.45

,

8. TOLERANCE ALLOWANCE (TA)

TA = V(St)2 + (Ret)2

T A = V( ! . 2 5 " )2 ( r , ,3 .. )2 = _v , y e, -

9. TOTAL LOOP UNCERTAINTY ALLOWANCE (TLU)
,

TLU = LA + V (EA)2 (g)2 + (C A)2 + (R A)2 + (S A)2 + (D A)2 + (TA)2 + S A[ . Pft

'TLU = ' HA* i V (r.U )2 , ( _ )2 + (+ 25 )2 + (' oS )2 , (ry,q o )2 + ( * 9 5 )2 , ( y,23 )2. . . .

TLU = DO- 3.2 t-

I
.:

10. TRIP SETPOINT (tsp) IN PROCESS UNITS

10A. FOR INCREASING SETPOINT- FORfA 2A:(ENTER N/A IF DECREASING SETPOINT) |

tsp = AL - TLU .

M/Atsp = _g]ft_ - 9 / A. =

108. FOR DECREASING SETPOINT- FORfA 28:(ENTER N/A IF INCREASING SETPOINT)
'

'fbe acAuat vb\ve i~p\ene n t e t\
tsp = AL + T Ltl g pop 3 g, c ,3, , , 3 u s e

tsp = - 5 6.9 ' + /0. 4'' = - W i4" ''9*"^ ' ' '

_ (See F. q - Q
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FORM 3. CALCULATION SHEET SHEET NO. 3 OF 4

11. ALLOWABLE VALUE (AV)
11A. FOR INCREASING SETPOINT- FORM 2A:(ENTER N/A IF DECREASING SETPOINT)

iAV = TS p + V(D A)2 + (TA)2

AV = ulk +V{ ulA )2, ( g jg )2

AV = M/A

118. FOR DECREASING SETPOINT- FORM 28:(EfRER N/A IF INCREASING SETPOINT)

M y- g Apt Av = T., - JC Retf . c R..y

AV = -%W" - M( * . t 3 " )2 ( 3 , 33 " )2 | *{U*a ,Q, , , ,

AV = - % . 31"

12. QPf3 ATING M ARGIN (OM)

12A. FOR INCREASING SETPOINT - FORM 2A:(ENTER N/A IF DECREASING SETPOINT)

OM = tsp - NUL

N /AOM= Nik N/A =-

128. FOR DECREASING SETPOINT- FORM 28:(ENTER N/A IF INCREASING SETPOINT)

OM = NLL-tsp ' l& ~ i5 % Puh N p e m e M ee\
nhf '

. . , ,

OM= AD -%"= %"-

13. RESET VALUE (RV)

'

13A. FOR INCREASING SETPOINT - FORM 2A:(ENTER N/A IF DECREASING SETPOINT)
RV > NUL

RV = HlA

NUL=_w&_
138. FOR DECREASING 3ETPOINT - FORM 28:(ENTER N/A IF INCREASING SETPOINT)

RV < NLL
,

RV = - 4 2 " ( 3,e u c,, p g c,c }
NLL = 20"

i
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FORM 3. CALCULATION SHEET SHEET NO. 4 OF 4

i

14. TRIP SETPOINT (tsp)IN PROCESS UNITS
'

TSs = tsp MODIFIED BY THE FACTORS ACCOUNTING FOR CONVERSION
FROM PROCESS UNITS TO SIGNAL UNITS (VOLTS, AMPS, COUNTS, etc.)

TSs = 4.04 m Adc (NOTE:SEE PAGE k1 = FOR CONVERSION)
T% = beeut sp , 1 + % M e.* *P

neut spa.,

*
5 Mb 4 c. N.6% en hc\c.:o, .

~

R. Adiusr Te\eesu e

M.G1 To 9. lo,b m Ad c
,

(see re t, n ) ~_.

BCsCT: PESET WILL DE ser Ar y% 0F SPA >J aba<e tc'e serp. w
#

- QSET = L|'b of* S par 4 = 0 0 4{ :q f o c '' = 41 2 % ,, tr;p setp ,: a
ReSE efu e : -'f6 4 V ''= ~L/2''

#

, (Ibdd: & h) +L/k = 3.28mSIC*

No Adjuer %|e < ance

5.11 b S.9 tt mR
-:

(see blote 1A

teset vale 5 acce ptgie bec aux ,
^

- |

oum at 9 =/. : pen , uhw fatts w tk:- theR,,, t.

N Bwd6c't u t e s'y s pec i hcatica o/ o. 5 */. to 1.57 of the
(R4 Qin pe s pan

,

be fo <c 1hc pec>cets noeme1 opera N n. Reset o cc u r:,

f:m; y is re ached ( $ ce fi vve 1q

Setpoint Calculation

LIS263-72A, B, C, D : Reactor Vessel Low-Low Level
i 174 %blo TFD 4/s [O JL $$ $$ .OB NO. 25-226 PAGE

2filu #%ENEpO 54 ,ofrelq3 TJD : c^tc "O. or
HEV Bh 'DATf CHEtKED DATE O BO I

lON (25- zar -c.o* C U

D-St

- - - - _ _ - _ _ - - - _ _ _



Notes:

PNPS LOCA Analysis (NEDC-31852P, Sept.,1990) also indicates Reactor low-low water1.
level as 425.6" measured from vessel zero. Vessel zero is indicated as 482.5" on M253 Sh.1,
Rev. E24. Therefore 425.6" from vessel zero corresponds to (4S2.5 - 425.6) or 56.9".

2. 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 d0.25% and the master trip unit's accuracy is 0.13E

Leakage from conductor to conductor is considered as the primary leakage path, which3.
results in ina cased 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)

3"A" Train normal radiation dose : 1.662 x 10 R
"B" Train normal radiation dose : 4.455 x 103R

Worst Case: "B" Train (LT263-72B, D)

3
Normal Radiation (30 months) = 14.455 x 10 R * (2.5 years))/40 years

2= 2.78 x 10 R ,

i

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

2Normal radiation dose (30 months):2.78 x 10 R
Gamma abcident radiation dose : 2.8 x 10 R (Reference 58)S

Beta accident radiation dose :35 x 10 R (Reference SS)3

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

3
Therefore net beta dose = (0.016) * (35 x 10 R) = 56R

'

5 5
Total 5 hour accident radiation = (56it) + ( 2.8 x 10 R) = (2.8 x 10 R)

2 5 5
e (2.78 x 10 R) + (2.8 x 10 R) = (2.8 x 10 R)Total radiation dose

In accordance with ABB Impell memorandum dated March 10,1993 contained in Reference
68, a bounding radiation uncertainty is:

Setpoint Calculation
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Re = d (.408 4 .141ogic(TID [MRadl)) %URL
= 1 (.408 + .14logioL2S)) % URL

.33%URL=

2(0 0033)*(150'H O)(100"/70 06"H O)Therefore Total Radiation Effect = 2 2

=1D.71"

5 Sensor Temrerature Ef feet (Stc)
-

,

Two values for the sensor temperature citect will be determined, one for normal operation
and one for post-PBOC operation. The nonnal operation sensor temperature effect is
determined using the temperature sensitivity from Reference 1 as fo!!ows:

0
Ste = (0.75%URL + 0.5% span)-(Max ambient temp. - Min Calibration temp.)/100 F

'

From Reference 9, Table 10.9-1 (Design Temperature - Winter)
0Minimum Cailbibration Temperature = 60 p

6

From Reference 9, Table 10.9-2 (Design Temperature - Summer)
0Maximum Ambient Temperature (Operating) = 105 p

For a Range Code 4 transmitter URL = 150"H O2 |

For the subject transmitters: Span = 70.06"H2O

Therefore:

0 0 0
(0.0075*150"H20 + 0.005*70.06"H2O)!!105 F-60 F]/100 F)Ste =

= 1 (1.475"H OX45 pj;ogog ;0
2

= 1 (0/EH O)2
and converting 'H2O to indicated inches :

= i t0fEH2 X100"/70.06"H O)
^

O 2

0.95"(No, mal Operation)=

DECO 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 it . ; plied. Therefore, temperature

t
as a 3 minute interval from Reference 15 will be used to deta-nine the transmitter's post-
PPOC temperature. From Reference 15:

,

!

I

>
;
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|

|

Time Reactor
Bldg |
Ambient '

i Temperature

j0+ 212 p |0

0 !
|3 min 190 p

0! 6 rrun 180 F

Assuming the PSOC occurs af ter calibration at the Winter minimum temperature of 607,
the initial step increase is 1527 and the transmit:er temperature af ter 1 time constant is:

Tuinsmmer = Tuansmmer,mm t + 0.632AT.
,

Te nsmmer = 600F + 0.6321520F = 156.10F.
'

_

At the beginning of the second time constant (3-6 minutes post-PBOC), the temperature
difference is (190 - 156.1)T or 33.92F, and the transmitter temperature after the second time
constant is

Tu nsmmer = Tuans -oner, mm.i + 0.632AT.

Tu nsmmer = 156.10F + 0.632*33.93F = 177.50F.

At the beginning of the third time constant (6-9 minutes post-PBOC), the temperature
difference is O SO - 177.5)T or 2.57. It will be assumed the transmitter temperature does
not exmed 1807.

I

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

t

0 0 0Ste (0.0075'150"H O + 0.005-70.06"H2O)[[IS0 F- 60 FJ/100 F]2=

0 70.475"H O)020 pfjog0 ) ;2=

0.77"H O) '

2=

and converting ''H O to indicated inches:2

0.77"H2O)(100"/70MH2O)=

2.53"=

,

According to Rosemount (Reference 39), the sensitivities provided in Reference 1 are 30
values. Conversion of a standard deviation to 95/95 values require use of a multiplier of 3
for samples of 12 or fewer. Since the number of transmitters tested is not 'mwn, the entire
value calculated above will be used.

Ste (Normal Operation) = 10.95"
Ste (SB LOCA) = 10.95"
Ste (PBOC) = _2.53"
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,

:
6. Rark Power Surplv Effect (Rps)

i

Eps error is considered negligible and N/A is entered on Fonn 1 for the following reasons: f
!

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 25 0 Vdc. This is the electrical specification for power at each master
and slave trip unit.

CE NEDO-21617-A (Reference 49) Figure 2.21 provides a graph of power supply output ,

voltage vs. current. The poorest regula tion occurs at 0% current, where the voltage range
can vary from 23.5 to 28 Vdc. Thus, under the worst case, the voltage at the card file is well
within the electrical specification for the unit. This is themost 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.

EECo Calc.1-N1-23 (Reference 48) indicates that ECCS Cabinet C2233 A has a current load
of 16.0775 A and that is typical for C2233B. Each cabinet has two 24Vde,20A power *

supplies 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%) = 80%

Ther efore, under most conditions, the analog trip system load will be within the 23.5 to 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.
j

B. Degraded Voltage Considerations

The cabinet power supplies require a rninimum input voltage of 102 Vac per NED-21617-A
(Reference 49) Section 23.1.2. ECCS (CSCS) Analog Trip System Cabinets C2233A, B each
have two power supplies. One is fed from the appropnate divisional AC source and the
ether is fed from the appropriate 125 Vdc battery. In the event of a degraded voltage ;

condinon, the battery fed power supply will automatically assume the cabinet load detore
{the 102 Vac minimum is reached Thus, the card file will not be affected by a degraded '

vohage situation.
|

|
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'7. Control Room and Cable Spreading Room Temperature

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

the summer is 780F. The winter design temperature is 750F based on Dwg. M292
(Reference 50), Note 1. The Control Room HVAC thennostat is assumed to control within

d2*F of the design temperature, which is typical for HV AC systems. Thus, under nonnal
condinons, the Control Room temperature is assumed to range between the lower winter

temperature limit of 73 F (22.8 C) and the upper summer temperature limit of 800F0 0

(26.70C).

Since the Control Room is classified as a mild environment, there are no calculated
temperatures for accident conditions. However, since an accident 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- 800F. Therefore,0

for purposes of this calculation, the Control Room general area temperature range during
an accident is conservatively assumed to range from 600F(15.6 C) to 1140F (45.9C). 600F0

is conservative because the Control Room High Efficiency Air Filtration System
(CRHE AFS) will maintain Control Room temperatures above 600F at the ambient design

0lower limit of 100F as desenbed in Safety Evaluation SE2279 (Reference 47).114 F is
identified in FSAR Section 7.1.8 as the equilibrium Control Room temperature at the

ambient design upper limit of 900F when normal AC and. ventilation is lost and only
CRHEAFS is operating. For enclosed panels and cabinets, an additional 160F is allowed for
internal panel temperature rise. Thus, the internal panel temperature range during

0accident conditions is conservatively assumed to range from 600F (15.60C) to 130 F
(54.40C). This is consistent with the value identified in Specihcation E536 (Reference 51),

which identifies an accident temperature of <1300F.

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 Rosemount
analog trip system master and slave trip units will experience temperatures between 600F
and 1300F. The repeatability parameter provided by Rosemount in Vendor Manual V-0243
(Refcrence 3) is valid over a range of 600F to 900F. Repeatability is included in the rack
drift value (Red) and is not included in Rte. Therefore, only the 400F temperature band

between 900Fand 130 F needs to be considered in the Rte value.

Thus, for master trip units: Rtc = 0.20%(400F/1000F) ROS% span=

For slave units (Note : Includes uncertainty associated with both master trip unit & slave-
00.35%(400F/100 F) = 0.14% spanSee Attachment 5): Rtc =

!

!

i
,

|
|
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|
|

)
|

S. Process Measurement Accuracy (Pma):

The process measurement accuracy accounts for enors in the differential pressure applied ;

to the level transmitters due to accident temperature changes affecting the reference legs,
Reactor thermal growth and changes in the steam and water densities inside the Reactor
vessel.

.

The accident scenarios (SB LOCA and PBOC) assume a concurrent loss of offsite power and
use of the emergency diesel genera tor for power to the safety related loads. The reduced
HVAC will result in increased temperatures in both the Reactor building and the drywell.
Positive values for Pma are of concem for a decreasing setpoint, the limiting accident, then, ;

is a PBOC. For this accident, the reference drywell temperature of 1350F will be used ;

instead of an elevated temperature because the reduced density of the warmer water would i

reduce the value of the density variation portion of Pma. (~Ihe density variation affects
both the reference and variable leg piping inside the drfwell, since there is a larger vertical
run on the variab'.e leg, the net effect is to decrease Pma (density)).

The results denved 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

207.20F. The density of water (pw) at 2070F is 60.18S lbm/f t3 (specific volume (v) = 0.01662
ft3/lbm). 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 error than has been accounted for. Recalling that 'v = 1/p a lower p would !

correspond to a larger v. Accordmg to the ASME Steam Tables,5th edition, at a pressure of
500 psig, the temperature would have to be greater than 2000F for the v to be larger than -

30.01662 ft /lbm. Similarly, at a pressure of 150 psig, the temperature would have to be

greater than 19SOF. According to the simulations in Note 14, there is a maximum difference t

between the water column temperature and the ambient temperature of 5.50F. Thus the
ambient temperature must be less than 192.50F. According to the environmental profile for }
this area (Reference 15), the temperature is below 1920F three minutes into the transient. It

~

is not considered possible to depressurize within this time frame. Subsequently, pw willbe
greater than the value used here, and the error wi!! be less.

|

,

i

i
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Consider the following Reactor vessel water level measurement loop:

conornstac,
,

POT
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t t .
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|

RV
Pstm = pressure of steam in Reactor vessel dome (typically - 1000 psig)
pRV, CAL = density of , water in the Reactor vessel assumed in determining the |

differential pressures at the transmitter for calibration
RV, CAL =

p3 density of steam in the Reactor vessel assumed in determining the
differential pressures at the transmitter for calibration

pDW, CAL = density of water in the drywell portion of the reference or variable leg
assumed in determining the differential pressures at the transmitter for
calibration

py, CAL = density of water in the Reactor building portion of the reference or variable
leg assumed in determining the differential pressures at the transmitter for
calibration

hw= height of water inside the Reactor vessel

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

AP ransmitter : PKeference Leg -I anaNelegt V

P eference Leg = P + (hkr -hmt ) p3*##L + (hy -hau)PYR
j

Pv naueteg= PM+(hy.n- h[i")pMI^'+ (hE^'- h.)pMMc

+ (b. - hf") p!VM + (hf^'- hg2 ) p3*M + (hm2-hur)p? M i
!

& ransmit:c.r = [(h$'- hyi )- (h[#-hy2 )) * p3*M + {hy: - hm2 ) * PPMt

-(h*- hf")* pMM- (h - hS") * pMM- (h6^'- hf") * p!V cn IC#

- (Equation 1)

Accordmg to M1001 Sh.128 & 129, the condensing pot is attached to the Reactor vessel via !
a 2" schedule 80 pipe. Equation I can be simplified: '

M ransrmtter = [(h@'- hf")- (hyt-bg2 )) * p3*"+ (hy:-hp2)*p? Nt

-(h@'- hf")* pMM- (hS*'- hf") * pgv.cA'

1

(Equation 2)
!n normal or accident conditions, the following terms from Equation 2 can differ from their

;
calibration values: '

|

|
|
!

!
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h[|C=hff^L+elt (thermal growth of vessel) "

pDW, ACT = pD,W, CAL + e W y

pRD.^CT=pgp, CAL +e

p .V, ACT = p ,V, CAL + eR R w

P trnRV, AC = pstmRV, CAL + gRV$ p,stm

hA C = hcpCAL + gcpCP (Since hep - but, growth of upper tap - shift in hep)

where ecp = e t (thermal growth) + e uset ___u o

au = $CT, Cold CALbsmd)ec

h w = h ^' + eh,wC

The equation for the actual differential pressure in terms of the calibration conditions is:

M'transtrdtter = [(h," + e, - h3 - ex) - (hgi - hp.; }) * (p?*M + cRI|f )"

+ (hgi-hy: ) * (pf M + e8 )- (h," + e, - h."- eg .) * (p, . CAL , gf )
F R

" RV- (b. + en. , - hi - ex) * (p . CAL 4 gv )
(Equation 3)

If we define the error as-

AP,m,, = AP ,n,on, (calibration)- AP-n,(actual) (Equation 4)y

..then a AP ransmitter (actual)less than a APeransmitter (calibrated) will result in a positivet

APeror 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):

M' error = - (c, - en) * p3** - [(h," - hi") - (hyi-hm2})*eN

- (hpi-hm2 ) * cl3. + (e,- ch,.) * p[l" + (h,"- hS") * ef,b

+ (ca. . - en ) * pRv. CAL, {g{AL-h?')*e[X

(Equation 5)
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If we do not calibrate the transtnitter over the entire distance between the upper and lower
taps (such as shown below), then:

h i A
W h

A ut

*h =h -h

h "' CALCAL *h =h -h
1:

It h

* h "" =hCAL-b"' "'Y .h le

4|hiy
A

I -
,

it

i

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

ch,w = e;t when hw = gCECAL
lt

ch,w = e t when hCAL =gCALu t

Therefore eu can be expressed as:

en,w= ett + 3"AL ,3(CAL
C

(e t - eldu

-hit (Equation 6),
,

ut

Define h'w.as follows:
,

h w = h 6^' - h f' ^'
-

hCAL (0 s h'w s 1) (Equation 7)

then Equation (6) becomes:

ehw = eh + hp + h$hm' (e t-Old (Equation 8)
.

u

h@ '- h@ '

|

|
|

|
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Note also that:

- HEE = h j + hkhcAL (Equation 9)HSE i

hepcAL,g{AL=3 ,p{AL - h - h'whcAL (Equation 10)ii

b+" ' (Equation 11)
@L- h? ' (e t - eye w - eit= un

e p - eh, w= c ffset + 1- (e t - eit) (Equation 12)c o uc

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

APerror = -[(hf - ha")- (hy - hp2 })ePT -(hg1- 2 ) c33. - (cem + cui - en ) p3*" +

1 - (hn + hk hen )' av.cn (he + hk hcn) e ay,c n, e,,) pemm 4
hS"- hi hS"-h?"cn

2i

+ (h - hf"- h:2 - hihen ) ey.b + (hu + hk hcn ) ef.5cn

(Equation 13)

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

'

M%m.uv = - [(hf -hE")- (hgi -hy2)]eP.Y(hy: -hy: ) ep.t (Equation 14)

M%m.oc =- PE%"+ ^[(p5""- PE%")-p3*" (cur-en)- ew=* (p""- pM")

(Equation 15)

Note: e t - elt s the relative thermal growth of the upper tap elevation to the lower tapiu
elevation.

Mbm. A.,= (hf- hS") e[L + (hphlhca)(e!% - eJL) (Equation 16)

According to BECo, GE has already considered the AP rror,ap contribution when theye

determined the analyticallimit of-56.9"- Reference 37, Attachment 6. Therefore, this term
vill not be further analyzed.
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According to BECo Calc.1-N1-24, Reference 6, the normal operation conditions for
calibration of the transmitter are:

Tav = 546.5 F
Tow = 135cF

Tna = 80 F
Pav = 1000 psig

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

,

Reactor Vessel Pressure = 1002nsjg; r

3prb,w (@ 800F) = 62.4220 lb/fL

pdw,w (@ 1350F) = 61.6523 lb/fr3
-

3prv,w (@ 546.50F) = 46.2028 lb/ft
3prv, stm (@ 546.50F) = 2.28061b/ft

According to BECo calculation 1-N1-24, the following elevations relative to the bottom of
the Reactor vessel were assumed to e cist at calibration:

| |"A TrEin Level | *B Train Level

|hp 548.5 548.5

inm 547" 547'
425.5" 425.5"Inn

|n-n? 404.3125" 398.3125"t

h 534.375" 535.75"mns
n;c 432F 432.5"

nCAL 100- 100* *

The distance from the bottom 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.

i

|
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| | "A" Train Level "B" Train Level | Reference
Top of Pipe 83'9.3125" 83'9.375" M1001

(10053125") (1005.375") Sh.128.129
Reactor Zero -37'11 1/4" -37'11 1/4" M23
Elevation (-455.25") (-455.25")
Internal diameter 2" -2.157" -2.157" M1001

,

Sch. 80 Pipe + Wall Sh.128,129 t

Thickness (Detail 1)
,

|h iACRJAL
547.91 ~ 547.97" -

g

Thermal growth, according io FS&MC memo 91-176 (Reference 38 - Attachment 6), is 73 x
104 in/in/oF and the cold distance between the upper and lower taps is 121.5". Assuming
a cold temperature of 60*F: _

al = 0.SS695 x 1&3"(T-60*F) '

Using T = Tsat (1000 psig) = 546.5 F, A1 = 0.431"

Now Equations (14) and (15) become:

Feferenm Lee Error
,

" A" Train:

A error.KLv = -{(5485-425.5)- (534375-4043125)) * ef% - (534375-4013125) * ef,
L

P

= -(123.0 - 130.0625) * eRT. - 130.0625 * eJ%
= 7.0625 * eft - 130.0625 * ep. (Equation 17)

.

s

"B" Train :

A error.E1X = -{(5485-425.5)-(535.75-3983125)) * ef{,-(535.75-3983125) * ef,P

= -(123.0 - 137.4375) * eft - 137.4375 * ej%
.

=14.4375 * eR% - 137.4375 * ef. (Equation 18)

Dimensional Change Error

" A" Train:

APerror, DC= [2.2W+f t/4 h'w*1D3J/1215) * (462028-22806)- 61.6523) * (e t*lt )-(61.6523 - 2.2806) c r(setu o

= [22606 + 2.5305 + 36.15 h'w - 61.6523)* (e t-elt )- 593717e ffsetu o
= (-56.84 + 36.15 h*w) * (e t-elt )- 593717e ffsetu o
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~B" Train:
oFerror, DC= (2.2806+(17+ h'w*100)/121.5) * (46.2028-2.2806)- 61.6523) * (c t-clt ) -(61.6523 - 2.2806) c ffsetu o

= (2.2806 + 2.5305 + 36.15 h*w - 61.6523)* (e ! - ett )-59.3717e us,,iu o

= (-56S4 + 3615 h'w) * 4e t-elt )-593717e ffsetu o

e uset = h^NE - hfR = 547.91" - 548.5" = -0.59" ("A" Train)o

c nset = hc^p - hfp^' = 547.97" - 548.5" = -0.53" ("B" Train)NE
o

Now openo., oc = (-56S4 + 36.15h'.)" (e.,-e, ) + 35.03 ("A" Train)
= (-56.S4 + 36.15h'.)* (e ,-c, ) + 31.4 7 ("B" Train)

(Equation 19)

Consider the following post-accident conditions: . . . , _

SBLOCA PBOC Normal Operation
(inside drvwein Variation
Ppv = 150 psig 1125 psig 1000 psig

!Tny = 363.6cF 560.7cF 546.SoF
jT w = 330oF 135cF 125 F - 145oFn
| Tng = 80cF 207oF* 60 F - 105oF

* Peak Reference Lrg Temperature per Heat Transient Analysis - See Note 14

Using the ASME Steam Tables,5th edition,(Reference 57), the following densities were obtained:

3pw (@ 1000 psig & M)D = 623783 lbm/f t
3pw (@ 1000 psig & 105 D = 62.1118 lbm/f t
3pw (@ 1000 psig & 1250D = 61.81Dt Ibm /f t
3pw (@ 10gpsig & 145 D = 61.4S18 lbm/f t
3'pw (@ 1125 psig & 1350D = 61.6713 lbm/ft

3pw (@ 1125 psig & 207oD = 60.183 lbm/ft

pw (@ 150 psig & 3300D = 563063 lbm/ft3
3pw (@ 150 psig & SCPF) = 62.2665 lbm/ft

pw (@ 1125 psig & 33 COD = 563611 lbm/ft3

pw (@ 1125 psig & M)F) = 62.57F2 lbm/ft3
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Now the values for e ,& c are:y

SB LOCA PBOC Normai op. vanaten

DW 56.3063 - 61.6523 = 61.6713 - 61.6523 = j@y:Qjj- @yjgp, w -5.3460 0.0190

R 62.2665- 62.4220 - 60.188 - 62.4220 = jjy:[jjjj-o 2pg23e ,B npW -01555 -2.234

Using the Reactor vessel temperatures above, the clongation error for the SB LOCA and the
PBOC are calculated as follows:

M (@ 1125 psig) = 0.8869x10-3 " * (560.7 - 60)oF = 0.444"

M (@ 150 psig) = 0.8869x10-3 " * (363.7 - 60)oF =.0.269"
and:

(c t- elt)PDOC = Al (@ 1125 psig) = 0.444"u
(e t- elt)SB LOCA = $1 (@ 150 psig) = 0.269"u

k

Substitu tmg the values for e ,(, & ek3 and (e t- cit) into Equations 17,18 & 19 yields:u3y

|SBLOCA |PBOC | Normal Op. Vanaton
W= -di.i6 - (.20.22) = - 17.54 0.G-'i-290.b6) = 290.69 1k2 (A. Min), + 39.14 (A. Max)APerror, RLY, % 77.1e . (-21.37) . 55.81 0 274-(.307.04) - 307.31 19 2 (B Mint + 40.17 iB Max)

APerror. DC 29.46 ( A), 25.90 (B) 25.84 ( A),22.28 (B) 26.11 ( A), 22.55 (B)

The quantities determined through Equations 17,18 and 19 have units of inch *(Ibm /ft ). In3

order to convert them into inches of water ("H O), a conversion factor equal to the density2

assumed at calibration,62.2462 lbm/f t , times 1"/1" H O must be applied.3
2

Therefore,~fhe largest Pma (Normal Operation)is a Bias of:

3 3[26.11 in Ibm /ft ]/[62.2462 in !bm/f t /"H O) = +0.42"H O2 2

and a Random term of:

3 3!40.17 in Ibm /f t ]/[62.2462 in Ibm /ft /"H O) = 0.65"H O2 2

and thelargest Pma (Accident)is: r

(329.59 in Ibm /ft ]/[62.2462 in Ibm /fr3/"H O) = 5.29"H O (PBOC)3
2 2

(11.92 in Ibm /f t3 31/[62.2462 in Ibm /ft .'"H O) - 2.19"H O (SB LOCA)2 2

i

I
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Converting these differential pressures into Reactor vessel indication yields:

Pma (Normal Operation, Bias) = 0.42"H 0 ' (100"/70.06"H O) = +0.60"2 2

Pma (Normal Operation, Random Term) = 0.65"H20 * (100"/70.06"H2 ) = 0.93"O

Pma (Post- Accident : PBOC) = 5.29"H O * (100"/70.06"H O) = + 7.56"2 2

Pma (Post-Accident : SB LOCA) = (0.19)"H 0 ' (100"/70.06"H O) = +0.27"2 2

The normal operation Pma is bounded by the 0.65"H O or 0.93" water level variation. It2

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.

9. Sensor Static Pressure Effect

ne 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. De maximum differential pressure applied to the "A"
Train transmitters is 113.86"H O and to the "B" Train transmitters is 113.95"H 0. (BECo2 2

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 = -0.757e of reading (applied pressure /1000 psig)

At normal operaSng pressure of 1000 psig:

CF = -0.757o of reading
= -0.0075(113.56)"H O2

= -0.85"H O ("A" Train)2

= -0.0075(113.95)"H O2

= -0.85"H2O ("B" Train)

at the maximum Reactor vessel pressure (PBOC conditions):

CF = -0.757o of reading (1125 psig/1000 psig)
= -0.S447c of reading
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:

= -0.00S44(113.86)"H O2

= -0.96"H O ("A" Train)2 ,

= -0.00M4(113.95)"H O2

= -0.96"H O (*1r Train)2

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

CF = -0.75% of reading (150 psig/1000 psig)
= -0.113% of reading
= -0.00113(113.S6)"H O2

!
= -0.128"H2O (*A" Train)

= -0.00113(113.95)"H;O
= -0.128"H2O ("B" Train)

__

Error in the correction factor is given by:

PBCC
= CF n - CFmsEcF i

= -0.85 - (-0.96)"H:0
= 0.11"H O * (100"/70.06"H O)2 2

= 0.157" ("A" Train)

= -0.85 - (-0.96T*H O
-

2

= 0.11"H O - (100"/70.05"H2O)2
= 0.157" ("B" Train)

SB LCCA
= CF a - CF oEcp i 33

= -0.85 - (-0.128T'H O2

= -0.722"H O ' (100"/70.06"H O)2 2
= -1T03" ("A" Train)

= -0.85 - (-0.128r'H O2

= -0.722"H O * (100"/70.05"H O)2 2

= -1.03" ("B" Train)

Eandom Terms

Static Pressure Span Effect
According to Rosemount Vendor Manua14302 (Reference 1):

Ssps = 05% of reading /1000psig
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Dunng normal operation Pgv = 1000 psig and the maximum Ssps is:

05% of readingSsps =

= 0.005(113.86)"H O2

= d0.569"H2 "(100"/70 06"H O)0 2

= i0.81" ("A" Train)

= 0.005(113.95)"H O2

0.570"H2 "(100"/70.05"H O)0 2=

= 0.S1" ("B" Train)

Post PBOC, Pay = 1125 psig and:

Ssps = 0.5% of reading (1125 psig/1000 psig)
056% of reading ~~

=

0.0056(113.86)"H O2=

O0.63S"H20*(100"/70.06"H2 )=

0.91" ("A" Train) ,=

= d0.0056(113.95)"H O2

0.63S"H20"(100"/70.05"H2O)=

0.91" ("B" Train)=

Post SB LOCA, Pgv = 150 psig and:

Ssps = 05% of reading (150 psig/1000 psig)
0.075% of reading=

=:0.00075(113.86)"H O2

=10.0S54"H 0*(100"/70.05"H O)2 2
=ia12" ("A" Train)

= 0.00075(113.95)"H O2

0.0855"H 0*(100"/70.05"H O)2 2=

=do.12" ("B" Train)

Static Pressure Zero Effect. Ssriz

According to the Rosemount Vendor Manual 4302 (Reference 1), Sspz is determined by:

0.2% URL/1000 psigSspz =

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

0.002(150"H2O)Sspz =

= 0.3"H O - (100"/70.05"H O)2 2

= d0 43" ("A" & "B" Trains)

1

|
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At post-PBOC conditions, Pgv = 1125 psig and the maximum Sspz is:

$spz = 20.002(150"H2O)*(1125 psig/1000 psig)
= 20.00225(150"H O)2

0.33S"H 0 * (100"/70.05"H2O)2=

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

At post-SB LOCA conditions, Pgv = 150 psig and the maximum Sspz is:

Sspz 0.002(150"H O)*(150 psig/1000 psig)2=

0.0003(150"H O)2=

0.CM5"H O * (100"/70.05"H O)2 2=

0.064" ("A" & *B" Trains)=

. - -

10. The No Adjust Limits (Instrument Tolerance) and Reset values will be based on the existing
settings utilized. These values are based on the accuracy of the device as stated by the

,

manufacturer 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 I

Reactor Building (PDOC), and normal operation. These results are summarized in the table
below.

BIASES

tJormal SSLOCA PBOC Reference
Bias Operation (Sourc* of vese)

Pma + 0.60" +0.27" +7.56" Note 8
Sgy - -1.03" +.157' Note 9

Cl - - 171' Form 1
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RANDOM TERMS

Normal SB LOCA PBOC Reference
Random Terms Operation F""dVM >

-

:
'

Ra - + 0.71 - 0.71" Note 4
Pma 0.93" - - Note 8

|Sca 10.25" 10.25" 0.25" Form 1 :
j R:e 0 08" !.0.08" 0.08" Form 1

Sa 10.25" 20.25" 0.25" Form 1
Ssps 0 81" 0.12" 0.91" Note 9
Ssp: 0.43" 0.064" 0.48" Note 9
Ste 0.95" 20.95" 2.53' Note 5
Sose 0.02" 0.02" 0.02" Form i

|Sd 0.43" 0.43" - 0.43" Form 1

| Red 0.13" 0.13" 0.13" Attachment 6
St 20.25" 0.25" 0.25" Form 1
Ret 20.13" 0.13" 20.13" Form 1

.

I

EA 0 20.71" 0.71"

LA 0 0 -0.172"

|PA + 0.6020.93- +0.27" + 7.56"

|CA 0.25" 10.25" 0.25"

|RA 20.08" 0.08" 20.08"

%A 1.56" -1.03 1.0" + 0.15'~12.90"

DA 20.45" =0.4 5" 0.45"

TA 0.28" 10.28" 10.28"

COMBINED TERMS_.

Normal SB LOCA PBOC
Operation

combmed Biases + 0. 60" +0.27". -1.03" +7.72". -0.172"
Combmed 21.92- 1.36" 3.04"
Random Terms
TLU -1.92", + 2.52" -2.39", + 1.63" -3.22".410.76"

12. Channel Cross Check

Channel cross check cntena is intended to be used by BECo operators to determine when a <

channel may be malfunctioning based on a comparison 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 is intended that this comparison will be performed during plant normal operation.

1. Methodology

A. Total Loop Uncertainty for Cross Check

The TLU used for cross check purposes is defined as:

CROSSCHECK = ](PA) + (CA)2 + (RA)2 + (SA)2 + (DA)2 + (TA)2TLU

where:

~

PA = Pea

2CA = Sca2+ Rca2,

Note: Rca includes the readabihty of the meter O /2 minimum gradation)

RA2 = Rea + Rte [N.O.]2 + Ma22

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

SA2 = Sa2 + (Ssps + Sspz)2 + Ste[N.O.]2

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

DA2 = Sh + Red 2

TA2 = St + get22

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 Post Accident conditions and the cross check is performed only during Normal
Operation. Sinular reasoning is why LA and its constituents Cl, TI, P1, S1, and D1 are not considered.

.
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,

The process measurement accuracy, Pma, constituent of PA is not considered since it would equally
affect all channels.

The sensor and rack power, supply effects, Ens: and Em, are not considered because minor voltage
variations 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 transmitters in pressurized applications, the static pressure span
and zero error terms, Ssps,and Sspz, consist only of the random portion of the error. They 7

account for the uncertainty i.n the correction actually applied and are still applicable. i

e

B. Development of Channel Cross Check Criteria

The purpose of this section is to discuss the derivation oflhe 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 channers 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 criteria would be that "the difference between
t

the indicated and the actual value must be less than the uncertainty established for the
channel indication".

However, the actual value of a parameter is never known with absolute certainty. From a
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 - 19S5 (Reference 63),
"Part 1 Measurement Uncertainty", if a series of independent measurements (readings) are

fN )
made, the2 the mean value of the series is given by [(xi)/ N

(i=1 /
i

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= SSeries/N

fN 11/2

where SSeries = [(si) / N ' and si = uncertainty associated with the ith
li=1 ) ,

|
measurement.

If the measurement uncertainties are the same (all si = sMeasurement ) then sseries =
SMeasurement and

I
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sucan = sseneshN = sMememem/NI.

This indicates that if you are estimating the actual value of a parameter by averaging
several measurements, then the uncertainty in your estimate decreases as the number of
measurements 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 enteria. The enteria proposed is that "the difference between the indication
of a single channel and the mean indication of several channels monitoring 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 follows:

t b

[N w

R eadingomona ; - i [ (Readngca ) /Nomnna, < Sc> nna + S%
Li i

rN t;

b ''* '

Readingos.nna ; - (Reaingo-a .) /Nc>-a. < Sc> nna +i

YNcanna.'

The criteria is based on the fact that the first uncertainty is that of the reading being
compared and the second uncertainty is that of the standard being compared agamst. In
the limiting case of N = 1, i.e. comparing two readings to each other, the criteria states that
the difference must be less than twice the established channel indication uncertainty. In the

limiting case of N --> , the uncertainty associated with the mean value approaches zero
and the critena reverts to the ideal case above.

Using the above equation and substituting TLUCross Check for sChanneland simplifying yields:

| Channel i Reading - Average Channel Reading | < 1 + - l-- TLUc,o , osed
Oi

Tabulated below are values for (1 + lhN)

(1+1/(R)
N TLU k(No.of channels) hhM
2 1.707

I 3 1577

| 4 L5CO

I 7 1378
I 8 1354
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The current PNPS channel cross check procedure is performed by comparing Iwo readings
to each other, which is the limiting case of N=1 described above. Therefore, the calculation
presented in Part 2 will consider both the cross check between channels Gimiting case of
N=1) and the cross check against the average.

C. Application of Cross Check Criteria

Round off the calculated cross check value to the nearest readable value. Compare the
calculated value of the cross check criteria to the existing value taken from PNPS
Procedures. If the custing value is larger than the calculated value, coordinate with BECo
NED concerning reducing the exisung cross check criteria to the calculated value. If not,
use the existing value. Identify the cross check value in Section V, Results and
Conclusions.

2. CALCULAT10N -

11UCROSSCHECK = PA) + ( A) + (RAf + (SA) + (DA[ + FA)2

where:

(PA) = N/A

(CA) = 1.03", where CA2 = Sca + Rca22

Sea = 0.25" (See Note 11)
Rca = d(Rea%n 3)2 + (Readability)2 = 1"

-

where: ReaForm 1 =N/A (See Form 1)
Readability = 1/2 (2') = 1" (See Reference 61)

(RA) = i3.00, where RA2 = Rea2+ Rte 2 + Ma2 and Rea = N/A, see Form 1.

The cable spreading room Normal Operating Temperature is 730 F- 800 F. The
repeatability parameter provided by Rosemount in vendor manual V-0243 (Reference 2) is
valid over a range of(00 F-900 F. Therefore, repeatability is included in the Rack Drift
value (Red) and is not included in (Rte). See Note 7.

Ma = 3% of Full Scale (Reference 2)
| (0.03)(100")=
;

= 3.00"j

:
r

I
!

Setpoint Calculation i

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

M MhMS 7t # ' '[[I/O ' JL $ E$ of0B NO. 25-226 PAGE
1

'9 |
,

O JWR 1/28/93 TJD 2/1/93 #%ED BW CAi C nO. Os

b
REV BY DATE CHECKED DATE (25-226-Coo 4)APB P Lt. RP RATION

.

p-55

,



,

(S A) = 1.SS", where SA: = Sa + (Ssps + Sspz)24 Ste22

Sa = 0.25" (See Note 11)
53ps = 0.81"(See Notc 11)'.
Sspz = !0.43" (See Note 11)
Ste = 20.95" where Ste = s (.75TcURL + .5% of Span) Per 100* F (See Form 1)

i

Smce the Reactor Building Normal Temperature range is 600 F- 1050 F (See Note 5), the

Maximum Normal Temperature variance is 1050 F- 600 F = 450 F.

(.0075 * 150"H2O + .005 * 70.06"H O) * 450 F/1000 FTherefore, Ste 2=

= 20.66"H 0-(100"/70.06"H O)2 2
= 0.95" '

(DA) = 0 45"(See Note 11) ._

(TA) = 0.2S" (See Note 11). Since there is no meter adjustment possible, the setting
tolerance for the master trip unit and the setting tolerance for the sensor will be used to
calculate TA.

Therefore,

TLUcross chect = -/(0)2 + (1.03)2 + (3.00)2 + (1.58)2 + (0.45)2 + (0.28)2 ,

RUCross Check = 3.58"

C*" Ch'd
TLUcross chect Mezn = (where N = Number of Channels)Gi

Caw 1 Comparison to an average of the four channels-

"

=1.79"
TLUcmss check Mean = G

From Section B, all channel readings must satisfy the relationship:

| Channel i Reading - Average Channel Readingl < TLUc., cwi % + TLUc=.o a

which, af ter substituting 1.79" for TLUcross Check Mean & 3.5S" for TLUcross Check

| Channel i Reading - Average Channel Reading | < 1.79" + 3.58" = 5.37"

5.37" will be rounded off to the nearest 1", therefore, will equal 5", which is less than the 6"
value in BECo Procedute 2.1.15 (Ref. 62).
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Case 2 Comparison between any twe channels (i and jk

TLUcros,enece ue,n = = 3.58"
i

| Channel i Reading - Channel j Readingl < 3.58" + 3.58" = 7.16" ;

Since the calculated value is larger than the existing value in DECO Procedure 2.1.15 (Ref.
62), the existing value is conservative and can continue to be used.

13. Evaluation of Statistics for Calculation 2S-226-C0C4

1. The mean and standard d'eviation computed after the second outlier check with
Microsofi Excel (Attachment 6) and computed by SYSTAT(Attachment 7) are
approximately the same. The mean and standard deviations are expressed in units of %
Calibrated Span.

2. Since the largest mean was less than 0.1% CS (See Attachments 6 & 7), no bias is
assumed to exist and the absolute value of the mean will be added to the standard
deviation and that quantity used to determine the 95/95 tolerance level. ,

3. The skewness (3rd moment of the data) test is used to determine how uniformly the data
is distributed about the mean value. The results (Attachment 7) indicate that there is
moderate skewing of the data. This will be discussed further when the histogram and
probability plots are discussed.

4. The kurtosis (4th moment of the data)is used to determine if the data is bunched close 'to
the mean or at the tails of the distribution,i.e. peaked or flat distribution. A kurtosis
value of close to zero indicates a distribution close to a normal distribution. The results
(Attachment 7) indicate that the master trip unit data has some peaking of the data close
to the mean value.

5s The datswas plotted on a bar histogram and the normal probability density function
superimposed. Ideally the bars would follow the curvature of the density function and
the height of the bars would be close to the height of the curve.

A review of the master trip unit drifI data histograms (Attachment 7) shows a peaking of
the data at -0.0625%,0.000% and +0.0625%. This corresponds to -1,0 and +1 Least
Significant Digit (LSD) on the digital multimeter used to read that test results. This
excess of data appears to also be the cause of the Skewness and Kurtosis values discussed
a y e.

6. Finally, a Probability Plot (P-Plot) was generated for each set of data. This is a plot of the
dataN cumulative probability distribution on a special scale such that if the data is
rm:r .sily distributed, the data will lie along a straight line. The SYSTAT program draws

i
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the straight line corresponding to a normal distribution with mean and standard
deviation of the plotted data.

A review of the master trip unit data P-Plots (Attachment 7) shows that the peaking of ;

the data close to zero, as discussed above with respect to the histegrams, results in the ;

presence of a bow in the data's cumulative probability distribution. If the comparison is
limited to data outside the region between .0625% and +0.06257o,it appears to more
closely match the normal distribution.

7. To test for time dependency, the data sets were regressed against the time interval. Based
on Reference 44, the criteria is that if the squared multiple R value is less than 0.4, then
the data is not time dependent. From Attachment 7, the squared multiple R value ranged
from 0.001 to 0.035, which indicates no time dependency. Since there was no correlation -

to the time interval, no further evaluation of the data concerning time dependency was
performed. .

_

8. Attachment 7 contains plots of the drift data with the 95/95% tolerance values
superimposed on them. These are used to demonstrate visually that 95% of the data is
actually encompassed by the tolerance values.

9. The result of the review of the master trip unit data's statistics is to determine that the
data consists of two distributions, a normal distnbution of drift plus a uniform
distribution of digital multimeter error cormsponding to 0, I LSD. This tends to result
in a larger standard deviation value than the drift distribution by itself. Therefore the
standard deviation and 95%/95% values from the master trip unit data conservatively
encompass the master trip unit drift and M&TE errors. Greater than 98% of all Master
trip unit test data is encompassed by the 95%/95% tolerances.

!

t
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trfrE #14 Transient Analysis of Reference leg Heatup

SECTION I INTRODUCTION

The purpose of this calculation is to determine the transient
response of the portion of the reactor vessel reference leg
located in the reactor building to a 2T pipe break inside the
reactor building. The Reference Leg will be modeled as three
lumped masses. The stainless steel pipe will be modeled as
two concentric masses and the water column will be modeled as
a single mass. Heat transfer on the exterior of the reference
leg pipe is via condensation during the steam break until the
tcmperature on the surface of the pipe reaches the ambient
temperature. After this, the heat transfer mechanism changes
to convective heat transfer. Heat transfer on the exterior of
the steel pipe will be via natural convection. Heat transfer
within the pipe will be via conduction', from the pipe to the
water column will be via conduction.

Since the condensation coefficient is much larger than the .

convective coefficient and the dew point temperature is ~gloser
to the reactor building bulk temperature, it is conservative
to assume that the time averaged heat transfer coefficient can
be represented by the condensation heat transfer coefficient.
The value of "h" used in the analysis will be four (4) times .

the Uchida heat transfer coefficient. This is consistent with
the. guidance given in Appendix B of NUREG 0588, Reference A.1,
for heat transfer coefficients during the condensing phase of
main steam line breaks. Values for Uchida heat transfer
coefficients are given in NUREG 0800, Reference A.2, and are
reproduced below:

TABLE 1
UCHIDA HEAT TRANSFER COEFFICIENTS.

Mass Ratio Heat Transfer Coeff 4XHeat Transfer
Coeff

2 2(1bn air /]bm steam) (BTU /hr-ft _.Fi (BTU /hr-ft _.p)

50 2 8
10 14 56,
5 21 84
3 29 116 i

1.8 46 184
0.8 98 392
0.5 140 560
0.166 215 860 1

0.1 280 1120
!

l
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These coefficients are based on mass ratios of air to steam.
Let R equal the steam mass divided by the air mass (m, ,gm,57) ,
one over the values listed above. Analyses will be pe,rformed

2for R values of 6 (h = 215 4h = 860 BTU /Hr-ft _.F) and 10 (h= 280, 4h = 112 0 BTU /Hr-f t' * F) . These are reasonable because
they correspond to steam partial pressures six and ten times
the atmospheric partial pressure, which is extremely
conservative.

,

According to BECo Isometric drawing M-1002, sheet 125,
Reference A.3, the reference leg inside the reactor building
is 0.5" Schedule 80 A316 Stainless steel pipe. A sketch of
the pipe / water column along with the three lumped mass model
are shown below. Dimensions are from Crane Technical Paper
No. 410, Reference A.4. ~

, o . s '' s e >< s o

-/ m' . ; .
.

3.3 .e. rs

ra
. ' " > ma . nm r."<s anea u

, *'d1 a - rane-n +-~ +-+,,

t ~~r'', y unc w.m

7,

.

The_ heat capacity, c for water was obtained from Hollman,u,," Heat Transfer'', 3rd Edition, Reference A.5.

c ,,,, = 0.9975 BTU /lbm *F @ 85 *Fy

= 1.0058 BTU /lbm *F 0 212 *F

A value for c ,,,, of 1.000 BTU /lbn *F will be used.y

Table 3, "bropertiesofSuperheatedSteamandCompressedWater
(Temperature and Pressure)" from the ASME Steam Tables, Fifth
Editi_on, Reference A.6, provides specific volume (1/ density)
value's at 85 *F and 210 *F:

- -

Temperature Specific Volume Density
3 3(*F, 1125 PSIG) (ft /lbm) (lbm/ft ) .

85 .016031 62.3733
210 .016640 60.0456

'From the Mechanical Engineering Handbook, Section 10-Heat
Transfer, Appendix A, " Properties of Metals", Reference A.7.
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.

3Density of SS = 488 lbm/ft
k = 8. 00 BTU /hr-f t * F 0 32 *F33

= 9. 4 0 BTU /hr-f t * F @ 212 *F
c = 0.11 BTU /1bm *F33

!
The following environmental profile data applicable to the 2T
break was cbtained from BECo Dwg M632, Sheet 10, "EQ Areas
1.11 & 1.12", Reference A.8.

|

Time Ambient Temperature Ambient Pressure
(*F) (PSIA) tloie: Th e. Am6.cnf

0 sec 85 14.7 Peczore clain_ woo nci-
27 sec 212 15.26 a,,gg % gge%g30 sec 210.5 ,15.10 m pea @ir rdiot
1 m3n 203 15.0

In <,te d ihe Cim'.4)no2 min 195 14.9 3, e
- A ta c k TI'om rth A3we usedeSection II HEAT BAIANCE EOUATIONS

.

From Reference A.6, the basic heat balance equation for each
mass is:

heat flux into a mass - heat flux leaving the mass =
rate of change in thermal energy of the mass Eq. 1

The thermal energy of a mass is given by p.,,c V The
rate of change of the thermal energy within a mass

,,T .

is given
by:

P =ss % ssV dT ,/dr Eq. 2es
-: ,

For the four masses used in this analysis equation 2 becomes: i

dT;gg/df Eq. 2APpip,cp g ,VeinE pp
' , Peipec dTpig,/d r Eq. 2Bpip,Vpip,g

' Puster%ter PipedTwat,/dr Eq. 2C IY "

|
Next, the heat transfer nochanisms for cach mass will be (
defined. The heat flux into the exteric.,r pipe wall is given I
by:

4h ,*Apipec * (T ,33,n, Tpig ) Eq. 3-
tr x

!
i

i
'

Setpoint Calculation

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

1 A yhgg Trp q||g JL gg gg Jos t4o. 25-226 PAGE

O JWR 1/28/93 TJD 2/1/93 [kESES CALC NO. op
^b o BO "' @ggg ,hAHf V BY pATE CHECKED DATE g t npORATlON (25-226-Co04)

D - 61



i

TL beat conducted from the exterior pipe mass to the interior
pipe mass is given by:

!

-Tpig,) * L Eq. 4[2r}q3/In(rpig/rpig,)]*(Tpi g

This heat flux is the leaving heat flux for the exterior pipe
mass and the entering heat flux for the interior pipe mass.
The heat flux leaving the interior portion pipe mass and
entering the water mass is given by:

[2rk /In(rrigr/rustert) ] * (T ,p,, - T ,,,7)*L Eq. 533 p y

where: . . , _ _
,

,

A,g _ = Surface area of the exterior of the pipe (ftz)
_p

3p ig = density of the pipe (1bm/ft )p

p ,,,, = density of the water column
,

, , ,

-

y
_

heat capacity of the pipe (BTU /lbm *F) :e =
pip,

c ,,,, = heat capacity of the water columy
2UCHIDA Heat Transfer coefficient (BTU /hr-ft _.7)h ,=g

thermal conductivity of the stainless steel pipe}q3 =

(BTU /hr-ft *F)
Ambient bulk temperature (*F) |T,,gg,n, u

T,g Temperature of the exterior pipe mass (*F)=p

Temperature of the interior pipe mass (*F)T =
pig,

Temperature of the exterior water mass (*F)T ,,,, =
y

3V,g V:iume of the exterior pipe mass (ft )=p
3Volume of the interior pipe mass (ft )v ,p,, =p

3v ~= Volume of the exterior Water mass (ft )uotert

Using equations 2A, 2B, 2C, 3, 4 and 5, the heat balance equation
for each mass can now be written. For the exterior pipe mass:

- ~

,

1

PeipeC V M /U " 4 b % ipeE As6ient PipeE)
~ ~

pipe pig ,t pipet

[2rk /ln(rpig/rpip,,) ] * (Tpi g -Tpig,) *F.q. 6 j33

For the interior pipe mass: |

pip,Vpig,, Meiper/dr = [2rk /ln(rpig /r,,,3))*(T ,g - Tpig,)*L -Peirec p p33

[2rk /ln(rpip,,/r ,1,g) ] * (T ,g, - T ,,,,g ) * L Eq. 7 j33 y p y

|
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1

For the water mass:

-Tuatert) *LEq. 8/rWatert))*(IPipelV dTWater/dr = [2rk /1n(rpigip y,, ,,cwater Pipe 33

These can be simplified by defining the following time constants:
I

C V /4h *A Eq. 9 ,

EPipe pig PiMtT " W PimtPETA

!IPipel) ] * L Eq. 10!b OU Pipetpip,VPipetCP ipe7 "
SPPtP

!TPipel) ] * L Eq. 11P pip,4 n,Vpipe /[2d /ln(reipetf = g3p3pg

p3, ppip,c, fpip,i/ [ 2d.33Sn Wpip,i/runter) ] * L Eq. 12 ,

r =

c ,,,,V ,,,,/[2C /ln(rpip,,/ runter) ] * L Eq. 13
yp, pwatert = y y 33

Then equations 6, 7 and 8 now become: -

'

* p ip,g -Tpipeg ) Eq. 14-Tpip,g)dT /dr = .r *(Tame >ient r-
ptpg p

ript Pru

dTpig,/dr = r:Pt ~*(T -Tpigi) - r *(T - T ,,,,) . _Eq. 15 -

e eipet p3y pip,3 u

dT ,,,,/dr = 7 ,3 ~1*(T - T ,,,7) -Eq . 16
y 9 pig u

| Replacing the differential dT/dr with the difference (T, - T,.3)/At
| and solving for T, yields:

|
' i

| Tpip,g, ,. = T + At/r * (T,,3i,nt, ,,, -Tpip,c,,.3) |-

Pipet, u-1 PctA
!

Tpip,3,u.3) Eq. 17At/rpop3 * (Tpip,g, ,.3 -

-Tpigi, ,.3) -T + At/r *(Tpip,c, ,.3T =
piptpigi, , pip,3, ,,,

T ,,,,, u. 3 ) Eq. 18At/r *(Tpiy ,, ,.3 -
ypy

-Tuoter, u-1) Eq. 19T = T + At/r ,3*(T pig , 3g
ueter, u uoter, u-1

1
< _

SECTION III SOLVING FOR TIME CONSTANTS

The pipe will be divided into two masses of equal volume. The

equatioli for the volume of a pipe is:
_

V = x ( r,2 - r )L where r, is the outside radius and r is thez
i ~ i

inside radius.
For the two pipe masses to be of equal volume, this equates to:

(r T ~I~

pipet Pipel Pipel Water

yields:solving for rpipe,

[{(r 2+ r ,,,,2) / 2 ) Eq. 20r , p,, =
p ig.c yp

Setpoint Calculation

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

|ma n . s22s PAcc
1 14 we h' 4 kn A ED ED c,z

0 _ra wo u t- zhM3 #55555 cuc uo- or

| PE mm (25-226-C004) 3IECATE CHECKED DATEnEv Di

t-e

:
l

I
!

_ _ , _ . __ _



|

Substituting, rpig = 0.84"/2 = 0.42" and r ,,,, = 0.546"/2 = 0.273"y
yields:

O (r + r,,,,9/2) = O .mW) = 0. 3 M "r =
Pipet ypip,,

Solving for r using equation 9 yieldsPtn

V;g/4h *AcT =
PcTA EPipe pg p g pi

488*(0.11)*[r(R -E )L/4*(2rR L)]/hg)=
eipt Pipe pip,g

53.68*[(.422- 2.354 )/(12) *8* (.42/12) ]/h=
uc '

68.0106/1000*h (hr)=
g

68.0106/1000*h *3600sec/hr =244.838/h (sec) Eq. 21=
g g

Solving for-r using equation 10 yields:ptp,

. .-

PcP PPipe pip,Vpipet/[2r /h(rpip,j/rpip,,) ] 4 ~_7 " e -

488*(0.11)[r(rPipet r,ip,, ) L/ (2rL/In (rpip,c/rpsy,) ) ]/lq3= -

,
2

53.68*[(rpip,c' - rpip,i )2*1n(rpip,g/rpip,,)/2]/P=
4s

53.68*[(0.422-
'

0.354 ) *ln(0.42/0.354)/2* (12) 2]/P=
4s

1. 6278/1000 *)qs (hr)=

(1.6278/1000*P33)*3600sec/hr = 5.86/193 (sec) Eq. 22=

Solving for r,pg using equation n yhMs:p

pgp,Vpg,,/[2rk /ln(rPipet/IPipel))*bT EPipeCPIPc p g3

= 4 88 * ( .11) * [ (r (r ,p,,2 <

p
2r ,,,r ) L/ (27 *L/In (rpig/r , 3))]/Pg3y p

= ?>3.68*[(r - r ,,,, ) *ln (rpip,g/r ,p,,)/2]/Pg3pgg,, y p

53.68*[(0.3542- 20.273 ) *ln(0.42/O.354)/2* (12)2)f3=

1.6183/1000*P (hr)- =
33

,

1.6183/1000*)4s*3600sec/hr = 5.8259/)q3 (sec) Eq. 23 !
- =

Solving for r,y using equation 12 yields:p
.

pip,V ,p,,/[2rk /1n (r ,p,3/r ,,,,) ] * LT *
Prut PPipec p s3 p y

2488*(0.11)*[(r(r=
pip,3

r ,,,72) L/ (2r*L/ln (rpig,/r ,,7))]/ky y 33

- r ,t,72) *ln(r53.68*[(r pip,,/r ,,,,)/2]/1q3=
pig, y y

2 2 ,

53.68*[(0.354 - 0. 273 ) *ln ( . 354/. 273)/2* (12)']/1%s=

2.4595/1000*)q3 (hr)=

2.4595/1000*P *3600sec/hr = 8.8543/}q3 (sec) Eq. 24 |
=

33
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Solving for 7 ,3 using equation 13 yields:

p ,,,,* (1. ) * [ (wr ,,,,h)s/l" (I
/rWater})*Lc ,,,,V ,,,,/ ( 2 * PipelPwater7 ""

wer y y

*L/ (2r * L/In (r /r ,,,7c) ) ]/}qs=
eipel yy y

(r 2) *ln (r /r ,,,,)/2]/k
pu,,,,* [ 2) *y,,,7ln(.354/.273)/2*(12)23 * (Pw ter/}4s)

=
pip,i y 33

[(.273=

6. 723 8/100, 000 * ( pu.ter/kss) (hrs)=

2. 4 2 0 6 ( p ,,,/10 *)qs) (sec) Eq. 25=
y

,

The equations for the temperatures of the four masses can now be
written as follows: I

Tp i pet , , = T + (h /244.838)*At *(T%, a , , - T , ,,) -

erpet, a-1 g p

(k /5.86) * At* (T -Tp ip,,, ,,, ) Eq. 2633 pip,c, .i

+ (k /5.826) *At * (Tripc, ., - Tpg , ,)= T p,i, u.3T ;p,i, , -
-

pip 33

(k /8.8543)*At*(T - T ,,,,, , . 3 ) -- ~_E q . 27 *
33 pip,, .3 u

T,,,,,,=T,,,,,,.,+ (4.1313 *k /p ,,,7) *dt* (T - T ,,,,,u3)-Eq. 28u u 33 y pip,g, ,.3 u

The pipe's thermal conductivity, k is assumed to vary linearly33,
~

with temperature between the two values stated on page two, then
for pipe temperatures between 85'F and 210*F:.

k 8.7 DTU/hr-ft *F Tpi g ,,, 5 147.5 "F=
ss

9.1 BTU /hr-ft *F TelpeAwrew > 14 7. 5 *F Eq. 29=

Equations 26 through 29 represent the model which will be used to
analyze the response of the reference leg to the steam transient.
A water densit~y of 61.3346 (s.v. 0.016304) corresponding to a '

T ,,,, of 158 *F will be used. This results in less than 2% errory

in actu~al denisty.

For -the first case, the Uchida heat transfer coefficient, hg,
will start at 25 and ramp to 210 in the initial ten seconds a,nd
remain at that value until the pipe external temperature. Tp ip,c , ;

equals the ambient temperature, T,,gi,ng. The conversion from
condensation heat transfer to convection heat transfer will be ;

modeled by reducing the value of h from 215 to 25. This will
|g

be modeled as follows: '

135 at end of 1st time step,
95 at end of 2nd time step,
75 at end of 3rd time step

|
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65 at end of 4th time step
55 at end of 5th time. step
45 at end of 6th time step
35 at end of 7th time step
25 at end of 8th time step

.

For the second case, the Uchida heat transfer coefficient, hg,
will start at 25 and ramp to 280 in the initial ten seconds and
remain at that value until the pipe external temperature, T,,,g ,
equals the ambient temperature, T ,ci,ng . The conversion from3
condensation heat transfer to convection heat transfer will be
modeled by reducing the value of h from 280 to 25. This willg
be modeled as follows:

^

180 at end of 1st time step,
130 at end of 2nd time step,
105 at end of 3rd time step

85 at end of 4th time step
~

,
'
-

65 at end of 5th time step
-

50 at end of 6th time step
35 at end of 7th time step
25 at end of 8th time step

,

I

i
SECTION IV RESULTS |

The results of the transient analysis of the reactor vessel
reference leg to a steam break in the reactor building using the
detailed three, mass model were as follows:

2h 215 BTU /hr-ft _.F Tw (Peak) = 206.5'F 0 47 sec.=g

2h 280 BTU /hr-ft _.F Tuoter(Peak) = 207.2 * F 0 4 5 sec.=g

2The simulation using hg= 215 BTU /hr-ft _.F was run until t = 120
2sec. The simulation using h = 280 BTU /hr-ft _.F was run until tg

= 150 sec. This allowed establishment of the long term lag |

between the reference leg water temperature and the ambient
temperature. The data from the last simulation (h = 280g

2BTU /hr-f t _ . F) was:
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.

time (T ,,,, - T%., ) Rate of increasey

60 3.483*F
90 4.44*F 1.83*F/ min .

120 4.87*F 0.86*F/ min
150 5.06*F 0. 38 * F/ min

Assuming the slope continues to decrease in the same proportion as
above, (T ter - T,,e;,ng) stody state = 5.5*F .

w

1

SECTION V REFERENCES

A.1 USNRC NUREG 0588, " Interim Saff PosiYion on Environmental
Qualification of Safety-Related Electrical Equipment", .

Revision 1
,

A .2. USNRC NUREG 0800, " Standard Review Plan, Section 6.2.1.5 -
Minimum Containment Pressure Analysis for Emergency Core
Cooling System Performance Capability Studies", Revision 2,

-

July 1981

A.3 BECo Isometric Dwg. M-1002, Sheet 1245, " Nuclear Boiler
System, Reference Leg to Instrument racks 2206, 2276 and
2252 from X82B", Revision EO

A.4 Crane Technical Paper No. 410, " Flow of Fluids through
Valves, Fittings and Pipe"

Hollman["HeatTransfer",3rdEditionA.5

A.6 ASME Steam Tables, Fifth Edition
.

-

A.7 Mechanical Engineering Review Manual, Seventh edition, 1984,
Section 10, " Heat Transfer"

.-

A.8 BECo Dwg. M632 Sheet 10, Environmental Temperature and
Pressure Profiles, Reactor Building (General Area), EQ t

Area:1.11, 1.12 El. 51'-0"

,

Setpoint Calculabon

LIS263-72A,8. C D : Reactor Vessel Low-Low Level

I \tf( k\ % 7Fb (4 f t /93 JL $ E$ JOB No. 25-226 PAGE ,

[k|SESE CALC NO. op0 3 u p. ,In hs T3b zish 3
- P[ m (25-22%M 35

.

HEV BY DATE CHECKED. DATE
e

D-%\

E
i
i



N i time | A TIME |Tambient h(Uchida) iTpipeExt Tpipeint k(ss) Twater
0 0.0 t 85 25.00 85.000 85.000 8.7 85.000
1 0.3 j 0.25 86.176 29.75 85.000 85.000 8.7 85.000

2 { 0.5 1 025 87.352 34.50 85.036 85.000 8.7 85.000
3 | 0.8 j 0.25 88.528 39.25 85.104 85.013 8.7 85.000
4 | 1.0 1 0.25 89.704 44.00 85208 85.044 8.7 85.002
5 1.3 | 025 90.88 48.75 85.349 85.095 8.7 85.003
6 1.5 1 0.25 92.056' 53.50 85.530 85.168 8.7 85.021

~

7 1.8 0.25 93.232 5825 85.752 85.267 8.7 85.042
8 2.0 025 94.408 63.00 86.017 85.393 8.7 85.075
9 2.3 0.25 95.584 67.75 86.325 85.548 8.7 85.122
10 2.5 0.25 96.76 72.50 86.677 85.733 8.7 85.184
11 2.8 0.25 97.936 7725 87.073 85.951 8.7 85265
12 3.0 025 99.112 82.00 87.514 86201 8.7 85.365

. 13 3.3 025 100288 86.75 87.998 86.486 8.7 - _B5.488
-14 3.5 025 101.464 91.50 88.525 86.805 8.-75 85.634
15 3.8 0.25 102.64 9625 89.096 87.160 8.7 - .85.806
16 4.0 025 103.816 101.00 89.708 87.550 8.7 B6.004 i

17 4.3 0.25 104.992 105.75 90.362 87.976 8.7 86230
18 4.5 0.25 106.168 110.50 91.056 88.438 8.7 86.486
19 4.8 0.25 107.344 11525 91.789 88.936 8.7 86.772
20 5.0 0.25 108.52 120.00 92.561 89.470 8.7 87.089 l

21 5.3 0.25 109.696 124.75 93.369 90.039 8.7 87.438
22 5.5 025 110.872 129.50 94.213 90.643 8.7 87.819
23 5.8 0.25 112.043 13425 95.091 91282 8.7 88233
24 6.0 0.25 113224 139.00 96.002 91.955 8.7 88.679
25 6.3 025 114.4 143.75 96.944 92.661 8.7 89.159
26 6.5 0.25 115.576 148.50 97.916 93.400 8.7 89.672
27 6.8 0.25 116.752 15325 98.918 94.170 8.7 90.218
28 7.0 0.25 117.928 158.00 99.946 94.972 8.7 90.797
29 7.3 0.25 119.104 162.75 101.001 95.804 8.7 91.409 |

30 7.5 0.25 120.28 167.50 102.080 96.664 8.7 92.053 j

31 ~ 7.8 0.25 121.456 172.25 103.1C3 97.553 8.7 92.728 '

32 8.0 0.25 122.632 177.00 104.307 98.470 8.7 93.435
33 8.3 025 123.808 181.75 105.453 99.412 8.7 ~ 94.173
34 8.5 025 124.984 186.50 106.617 100.380 8.7 * 94.940
35 8.8 025 126.16 19125 107.800 101.372 8.7 .- 95.737
36 9.0 025 127.336 196.00 109.000 102.388 8.7 96.563
37 9.3 025 128.512 200.75 110.215 103.425 8.7 97.416
38 9.5 0.25 129.688 205.50 111.446 104.484 8.7 98297
39 9.8 0.25 130.864 210.25 112.690 105.563 8.7 99203
40 10.0 025 132.04 215.00 113.946 106.661 8.7 100.135
41 10.3 0.25 133216 215.00 115215 107.778 8.7 101.091

h(Uchida) = 215
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tJ tim e A TIME Tambient h(Uchida) TpipeExt Tpipeint k(ss) Twater

42 10.5 025 134.392 215.00 116.406 108.912 8.7 102.071

43 10.8 0 25 135.568 215.00 117.573 110.029 8.7 103.073

44 11.0 025 136.744 215.00 118.723 111.137 8.7 104.092

45 i 11.3 0.25 137.92 215.00 119.864 112.238 8.7 105.124

46 11.5 025 T39 090 215.00 120.997 113.338 8.7 106.166

47 11.8 0 25 14D.272 215.00 12ZT28 114.436 8.7 107.217-

48 12.0 0.25 141.448 215.00 123.256 115.534 8.7 108.274

49 12.3 0.25 142.624 215.00 124.384 116.634 8.7 109.338

50 12.5 0.25 143.8 215.00 125.511- 117.735 8.7 110.407

51 12.8 0.25 144.976 215.00 126.640 118.838 8.7 111.480

52 13.0 0.25 146.152 215.00 127.770 119.943 8.7 112.558

53 13.3 0.25 147.328 215.00 128.900 121.051 8.7 113EA0

54 13.5 0.25 148.504 215.00 130.032 122.161 8.7 114.726

55 13.8 0.25 149.68 215.00 131.166 123.273 8.7 115.815

- 56 14.0 0.25 150.856 215.00 132.301 124.388 .8.7 e 116.908

57 14.3 0.25 152.032 215.00 133.437 125.504 8.7.' f18.003

58 14.5 0.25 153.208 215.00 134.575 126.623 8.7 119.102

59 14.8 0.25 154.384 215.00 135.714 127.744 8.7 120.204

60 15.0 0.25 155.56 215.00 136.855 128.868 8.7 121.309

61 15.3 0.25 156.736 215.00 137.997 129.993 8.7 122.416

62 15.5 0.25 157.912 215.00 139.140 131.120 8.7 123.526

63 15.8 0.25 159.088 215.00 140284 132.249 8.7 124.639

64 16.0 0.25 160.264 215.00 141.430 133.379 8.7 125.754

65 16.3 0.25 161.44 215.00 142.576 134.511 8.7 126.871

66 16.5 0.25 162.616 215.00 143.724 135.645 8.7 127.990

67 16.8 0.25 163.792 215.00 144.873 136.781 8.7 129.112

68 17.0 0.25 164.968 215.00 146.023 137.918 8.7 130.235

69 17.3 0.25 166.144 215.00 147.174 139.057 8.7 131.361

70 17.5 ' O.25 167.32 215.00 148.326 140.196 8.7 132.488

71 17.8 0.25 168.496 215.00 149.478 141.338 8.7 133.617

72 18.0 0.25 169.672 215.00 150.632 142.480 8.7 134.748

73 - 18.3 0.25 170.848 215.00 151.786 143.624 9.1 135.881

74 18.5 0.25 172.024 215.00 152.802 144.822 9.1 137.068

75 18.8 0.25 173.2 215.00 153.924 145.946 9.1 138.256

76 19.0 0.25 174.376 215.00 155.058 147.085 9.1 > 139.434 ;

77 19.3 0.25 175.552 215.00 156204 148.233 9.1. 140.607

78 19.5 0.25 176.728 215.00 157.357 149.386 9.1 141.775

79 19.8 0.25 177.904 215.00 158.515 150.543 9.1 142.942

80 20.0 0.25 179.08 215.00 159.677 151.703 9.1 144.106

81 20.3 0.25 180.256 215.00 160.841 152.865 9.1 145.270

82 20.5 0.25 181.432 215.00 162.007 154.028 9.1 146.434

83 20.8 0.25 | 182.608- 215.00_ 163.174 155.192 9.1 147.598
,

!

|

h(Uchida) = 215 |
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!
i

!

N I tim e I A TIME ITambient h(Uchida) |TpipeExt .Tpipeint k(ss) Twater
.

84 21.0 0.25 l 183.784 215.001 164.342 156.358 9.1 148.76285 21.3 0.25 | 184.96 215.00 165.510 157.524 9.1 149.926
,

86 21.5 { 0.25 186.136 215.00 166.680 158.690 9.1 151.090 !87 21.8 ) 0.25 187.312 215.00 167.849 159.857 9.1 152.25588 22.0 0.25 188.488 215.00 169.019 161.025 9.1 153.42089 22.3 0.25 189.664 215.00 170.190 162.192 9.1 154.585
j

90 22.5 025 190.84 215.00 171.360 163.361 9.1 155.75191 22.8 0.25 192.016 215.00 172.531 164.529 9.1 156.917 !92 23.0 0.25 1 193.192 215.00 173.702 165.698 9.1 158.08393 23.3 0.25 194.368 215.00 174.873 166.867 9.1 159.25094 23.5 0.25 195.544 215.00 176.045 168.036 9.1 160.41795 23.8 0.25 196.72 215.00 177.216 169206 9.1 161.58596 24.0 0.25 197.896 215.00 178.388 170.376 9.1 162.75397 - 24.3 0.25 199.072 215.00 179.560 171.546 9.1 ' 163.921_ 98 24.5 0.25 200.248 215.00 180.732 172.716 -9 M 1.65.08999 24.8 0.25 201.424 ' 215.00 181.905 173.887 9.1 - 166258100 25.0 0.25 202.6 215.00 183.077 175.058 9.1 167.427101 25.3 025 203.776 215.00 184250 176.228 9.1 168.596102 25.5 025 204.952 215.00 185.422 177.400 9.1 169.766103 25.8 0.25 206.128 215.00 186.595 178.571 9.1 170.936104 26.0 025 207.304 215.00 187.768 179.743 9.1 172.106105 26.3 0.25 208.48 215.00 188.941 180.914 9.1 173.276106 26.5 0.25 209.656 215.00 190.114 182.086 9.1 174.446107 26.8 025 210.832 215.00 191288 183258 9.1 175.617108 27.0 025 212.008 215.00 192.46) 184.430 9.1 176.788109 27.3 025 211.883 215.00 193.634 185.603 9.1 177.959110 27.5 0.25 211.758, 215.00 194.522 186.775 9.1 179.130111 27.8 0.25 211.633 215.00 195298 187.836 9.1 180.302112 28.0 0.25 211.508 215.00 195.987 188.814 9.1 181.456113 28.3 0.25 211.383 215.00 196.610 189.725 9.1 182.584114 28.5 025 211.258 215.00 197.180 190.579 9.1 183.678115 28.8 0.25 211.133 215.00 197.708 191.383 9.1 184.735116 29.0 025 211.008 215.00 198.200 192.145 9.1 185.754117 29.3 0.25 210.883 215.00 198.661 192.867 9.1 186.733118 29.5 0.25 210.758 215.00 199.095 193.554 9.1 * 187.673119 29.8 0.25 210.633 215.00 199.504 194207 9.1 - 188.574120 30.0 025 210.508 215.00 199.891 194.828 9.1 189.437! 121 30.3 0.25 210.4455 215.00 200.256 195.420 9.1 190264
'

_122 30.5 0.25 210.383 215.00 200.615 195.984 9.1 191.054j 123 30.8 0.25 210.3205 215.00 200.962 196.526 9.1 191.809124 31.0 0.25 210258 215.00 201.294 197.046 9.1 192.532125 31.3 0.25 i 210.1955 215.00. 201.613 197.545 9.1 193.224

h(Uchida) = 215
|

|
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N time ATIME ITambient h(Uchida) TpipeExt Tpipeint k(ss) Twater
126 31.5 025 210.133 215.00 201.918 198.023 9.1 193.886
127 31.8 0.25 210.0705 215.00 202.209 198.481 9.1 194.520
128 32.0 0.25 210.008 215.00 202.488 198.919 9.1 195.127
129 32.3 0.25 209.9455 215.00 202.753 199.338 9.1 195.708
130 32.5 025 209.883 215.00 203.006 199.739 9.1 196264
131 32.8 0.25 209.8205 215.00 203.247 200.122 9.1 196.797
132 33.0 0.25 209.758 215.00 203.477 200.488 9.1 197.306
133 33.3 0.25 209.6955 215.00 203.696 200.838 9.1 197.794
134 33.5 025 209.633 215.00 203.903 201.172 9.1 198260
135 33.8 025 209.5705 215.00 204.101 201.490 9.1 198.706
136 34.0 025 209.508 215.00 204.288 201.794 9.1 199.133
137 34.3 025 209.4455 215.00 204.466 202.084 9.1 199.541
138 34.5 0.25 209.383 215.00 204.634 202.361 9.1 199.930

.139 _ 34.8 025 209.3205 215.00 204.794 202.624 9.1 ' 200.303
+140 35.0 025 209258 215.00 204.945 202.875 9.T' ! 200.659

141 . 35.3 025 209.1955 215.00 205.088 203.114 9.1 200.998
142 35.5 025 209.133 215.00 205.224 203.341 9.1 201.322
143 35.8 025 209.0705 215.00 205.351 203.558 9.1 201.632
144 36.0 0.25 209.008 215.00 205.471 203.763 9.1 201.927
145 36.3 025 208.9455 215.00 205.585 203.958 9.1 202208
146 36.5 025 208.883 215.00 205.691 204.144 9.1 202.476
147 36.8 025 208.8205 215.00 205.791 204.320 9.1 202.732

,

148 37.0 0.25 208.758 21500 205.885 204.486 9.1 202.975
149 37.3 0.25 208.6955 215.00 205.973 204.644 9.1 203207
150 37.5 025 208.633 215.00 206.055 204.794 9.1 203.427
151 37.8 0.25 208.5705 215.00 206.131 204.935 9.1 203.636
152 38.0 025 208.508 215.00 -206.202 205.068 9.1 203.835
153 38.3 025 208.4455 215.00 206.268 205.194 9.1 204.024
154 38.5 - 0.25 208.383 215.00 206.329 205.313 9.1 204204
155 38.8 0.25 208.3205 215.00 206.386 205.425 9.1 204.374
156 39.0 0.25 208.258 215.00 206.437 205.530 9.1 204.535
157 39.3 0.25 208.1955 215.00 206.485 205.629 9.1 204.687
158 39.5 025 208.133 215.00 206.528 205.721 9.1 204.831
159 39.8 025 208.0705 215.00 206.567 205.808 9.1 204.968
160 40.0 025 208.008 215.00 206.602 205.888 9.1 * 205.096,

161 10.3 025 207.9455 215.00 206.634 205.964 9.1 - 205218
162 I 40.5 025 207.883 215.00 206.662 206.034 9.1 205.332
163 [ 4~0.8 0.25 207.8205 215.00 206.686 206.099 9.1 205.440
16J4 41.O 025 207.758 215.00 206.707 206.159 9.1 205.541.

165 ' A 1.3 0.25 207.6955 215.00 206.725 206.214 9.1 205.635
166 41.5 025 207.633| 215.00 206.740 206265 9.1 205.724
167 41.8 0.25 207.5705l 215.00 206.751 206.311 9.1 205.807

h(Uchida) = 215
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N time I A TIME Tambient h(Uchida) |TpipeExt Tpipeint k(ss) . Twater
168 42.0 025 207.508 215.00 ' 206.760 206.354 9.1 205.884
169 42.3 0.25 207.4455 215.00 206.767 206.392 9.1 205.956
170 42.5 025 207.383. 215.00 206.770 206.426 9.1 206.023
171 42.8 0.25 207.3205 215.00 206.771 206.457 9.1 206.085
172 43.0 025 207.258 215.00 206.770 - 206.484 9.1 206.142
173 43.3 0.25 207.1955 215.00 206.766 206.508 9.1 206.194
174 43.5 0.25 207.133 215.00 206.760 206.528 9.1 206.242
175 43.8 0.25 207.0705 215.00 206.752 206.545 9.1 206.286
176 44.0 025 207.008 215.00 206.742 206.559 9.1 206.326
177 44.3 025 206.9455 215.00 206.729 206.570 9.1 206.361
178 44.5 025 206.883 215.00 206.715 206.579 9.1 206.393
179 44.8 025 206.8205 215.00 206.699 206.584 9.1 206.422
180 45.0 0.25 206.758 215.00 206.681 206.587 9.1 206.447
181 _ 45.3 0.25 206.6955 215.00 206.662 206.588 9.1 - 206.468

J 82 45.5 0.25 206.633 215.00 206.640 206.586 9.41 206.487
183 45.8 0.25 206.5705 135.00 206.618 206.582 9.1 206.502
184 46.3 0.5 206.4455 95.00 206.577 206.569 9.1 206.526
185 46.8 0.5 206.3205 75.00 206.545 206.553 9.1 206.539
186 47.3 0.5 206.1955 65.00 206.517 206.540 9.1 206.544
187 47.8 0.5 206.0705 55.00 206.492 206.524 9.1 206.542
188 48.3 0.5 205.9455 45.00 206.469 206.508 9.1 206.537
189 48.8 0.5 205.8205 35.00 206.452 206.493 9.1 206.528
190 49.3 0.5 205.6955 25.00 206.438 206.479 9.1 206.517
191 49.5 0.25 205.633 25.00 206.435 206.473 9.1 206.511
192 50.0 0.5 205.508 25.00 206.423 206.463 9.1 206.500
193 50.5 0.5 205.383 25.00 206.407 206.451 9.1 206.488
194 51.0 0.5 205.258 25.00 206.389 206.436 9.1 206.477
195 51.5 0.5 205.133 25.00 206.368 206.420 9.1 206.464
196 52.0 0.5 205.008 25.00 206.345 206.402 9.1 206.451
197 52.5 0.5 204.883 25.00 206.321 206.383 9.1 206.436

,

198 53.0 0.5 204.758 25.00 206.296 206.362 9.1 206.420 |

199 53.5 0.5 204.633 25.00 206.269 206.340 9.1 206.402 j
200 54.0 0.5 204.508 25.00 206.240 206.316 9.1 206.383 |

201 54.5 0.5 204.383 25.00 206.211 206291 9.1 206.362 '

202 - 55.0 0.5 204.258 25.00 206.180 206.265 9.1 6 206.341
203 55.5 _ 0.5 204.133 25.00 206.148 206237 9.1 - 206.317
204 56.0 C.5 204.008 25.00 206.115 206209 9.1 206.293
205 56.5 0.5 203.883 25.00 206.080 206.179 9.1 206267
206 57.0 0.5 203.758 25.00 206.044 206.147 9.1 206.240
207 57.5 3 _ _ 0..i 203.633 25.00 206.007 206.115 9.1 206.211
203 58.0 0.5 203.50S 25.00 205.959 206.081 9.1 206.182
209 I 58.5 0.5 203.383 25.00 205.930 206.046 9.1 206.151 |

I

h(Uchida) = 215
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N ti m e A TIME Tambient h(Uchida) TpipeExt Tpipeint k(ss) Twater
210 59.0 0.5 203258 25.00 205.890 206.009 9.1 206.119
211 59.5 0.5 203.133 25.00 205.848 205.972 9.1 206.085
212 60.0 0.5 203.008 25.00 205.806 205.934 9.1 206.050
213 60.5 0.5 202.9414 25.00 205.762 205.894 9.1 206.015
214 61.0 0.5 202.8748 25.00 205.720 205.853 9.1 205.978
215 61.5 0.5 202.8082 25.00 205.678 205.813 9.1 205.939
216 62.0 0.5 202.7416 25.00 205.637 205.772 9.1 205.901
217 62.5 0.5 202.675 25.00 205.594 205.732 9.1 205.862
218 63.0 0.5 202.6084 25.00 205.552 205.691 9.1 205.822
219 63.5 0.5 202.5418 25.00 205.510 205.650 9.1 205.782
220 64.0 0.5 202.4752 25.00 205.467 205.608 9.1 205.741
221 64.5 0.5 202.4086 25.00 205.424 205.567 9.1 205.701
222 65.0 0.5 202.342 25.00 205.381 205.524 9.1 205.660
223 _ 65.5 0.5 202.2754 25.00 205.337 205.482 9.1 ~ 205.618

-224 66.0 0.5 202 2088 25.00 205293 205.439 9;1! 205.576
225 66.5 0.5 202.1422 25.00 205249 205.396 9.1 - 205.534
226 67.0 0.5 202.0756 25.00 205.204 205.352 9.1 205.492
227 67.5 0.5 202.009 25.00 205.159 205.308 9.1 205.449
228 68.0 0.5 201.9424 25.00 205.114 205264 9.1 205.406
229 68.5 0.5 201.8758 25.00 205.069 205220 9.1 205.362
230 69.0 0.5 201.8092 25.00 205.023 205.175 9.1 205.319
231 69.5 0.5 201.7426 25.00 204.977 205.130 9.1 205275

( 232 70.0 0.5 201.676 25.00 204.931 205.085 9.1 205230
233 70.5 0.5 201.6094 25.00 204.884 205.039 9.1 205.186
234 71.0 0.5 201.5428 25.00 204.837 204.993 9.1 205.141
235 71.5 0.5 201.4762 25.00 204.790 204.947 9.1 205.096 -

236 72.0 0.5 201.4096 25.00 204.743 204.901 9.1 205.050
237 72.5 0.5 201.343 25.00 204.695 204.854 9.1 205.004
238 73.0 - 0.5 2012764 25.00 204.648 204.807 9.1 204.958
239 73.5 0.5 2012098 25.00 204.600 204.760 9.1 204.912
240 74.0 0.5 201.1432 25.00 204.551 204.713 9.1 204.866
241 74.5 0.5 201.0766 25.00 204.503 204.665 9.1 204.819
242 75.0 0.5 201.01 25.00 204.454 204.617 9.1 204.772
243 75.5 0.5 200.9434 25.00 204.405 204.569 9.1 204.724
244 76.0 0.5 200.8768 25.00 204.356 204.521 9.1 * 204.677
245 76.5 0.5 ' 200.8102 25.00 204.306 204.472 9.1 - 204.629
246 77.0 0.5 T 200.7436 25.00 204.256 204.423 9.1 204.581
247 77.5 0.5 200.677 25.00 204206 204.374 9.1 204.532
248 78.0 0.5 200.6104 25.00 204.156 204.325 9.1 204.484
249 78.5 0.5 , 200.5458 25.00 204.106 204.275 9.1 204.435
250 79.0 0.5 200.4772| 25.00 204.055 204.225 9.1 204.386
251 79.5 1 0.5 200.4106i 25 00! 204.005 204.175 9.1 204.337

h(Uchida) = 215 {
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I

N time ' A TIME |Tambient 'h(Uchida) TpipeExt Tpipeint k(ss) Twater !

'

252 80.0 0.5 200.344 25.00 203.954 204.125 9.1 1 204.287 I253 80.f 0.5 200.2774 25.00 203.902 204.075 9.1 204.238 |254 81.0 0.5 200.2108 25.00 203.851 204.024 9.1 204.188255 81.5 0.5 200.1442 25.00 203.799 203.973 9.1 204.137256 82.0 0.5 200.0776 25.00 203.748 203.922 9.1 204.087 |257 82.5 0.5 200.011 25.00 203.696 203.871 9.1 204.036258 83.0 0.5 199.9444 25.00 203.643 203.819 9.1 203.986259 83.5 0.5 | 199.8778 25.00 203.591 203.767 9.1 203.935260 84.0 0.5 199.8112 25.00 203.538 203.715 9.1 203.883261 84.5 0.5 199.7446 25.00 203.486 203.663 9.1 203.832262 85.0 0.5 199.678 25.00 203.433 203.611 9.1 203.780263 85.5 0.5 199.6114 25.00 203.380 203.559 9.1 203.728264 86.0 0.5 199.5448 25.00 203.326 203.506 9.1 203.676265 86.5 0.5 199.4782 25.00 203273 203.453 9.1 ' 203.624266 87.0 0.5 199.4116 25.00 203219 203.400 9-11 203.572267 87.5 0.5 199.345 25.00 203.165 203.347 9.1 - 203.519268 88.0 0.5 199.2784 25.00 203.111 203.294 9.1 203.466269 88.5 0.5 199.2118 25.00 203.057 203.240 9.1 203.413270 89.0 0.5 199.1452 25.00 203.003 203.186 9.1 203.360271 89.5 0.5 199.0786 25.00 202.948 203.132 9.1 203.307272 90.0 0.5 199.012 25.00 202.894 203.078 9.1 203.253273' 90.5 0.5 198.9454 25.00 202.839 203.024 9.1 203 200274 91.0 0.5 198.8788 25.00 202.784 202.970 9.1 203.146275 91.5 0.5 198.8122 25.00 202.729 202.915 9.1 203.092276 92.0 0.5 198.7456 25.00 202.674 202.860 9.1 203.038 '

277 92.5 0.5 198.679 25.00 202.618 202.806 9.1 202.983278 93.0 0.5 198.6124 25.00 202.563 202.751 9.1 202.929279 93.5 0.5 198.5458 25.00 202.507 202.695 9.1 202.874280 94.0 . 0.5 198.4792 25.00 202.451 202.640 9.1 202.819281 94.5 0.5 198.4126 25.00 202.395 202.585 9.1 202.764282 95.0 0.5 198.346 25.00 202.339 202.529 9.1 202.709283 ~~ 95.5 0.5 198.2794 25.00 202.283 202.473 9.1 202.654284 96.0 0.5 198.2128 25.00 202226 202.417 9.1 202.599285 96.5 0.5 198.1462 25.00 202.170 202.361 9.1 202.543286 97.0 0.5 198.0796 25.00 202.113 202.305 9.1 * 202.487287 97.5 05 198.013 25.00 202.056 202.249 9.1 - 202.432288 98.0 0.5 197.9464 25.00 201.999 202.i92 9.1 202.375289 98.5 0.5 197.8798 25.00 201.942 202.136 9.1 202.319290 99.0 0.5 197.8132 _25 00 201.885 202.079 9.1 202.263291 99.5 0.5 197.7466 25.00 201.828 202.022 9.1 202.207292 100.0 0.5 197.68} 25.00 201.770 201.965 9.1 202.150293 100.5 0.5 197.6134) 25.00: 201.713 201.908 9.1 202.093

h(Uchida) = 215
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!

|

tJ time i a TIME Tambient h(Uchida) |TpipeExt Tpipeint k(ss) Twater^
294 101.0 0.5 197.5468 25.001 201.655 201.851 9.1 202.037295 101.5 0.5 197.4802 25.00 201.597 201.793 9.1 201.980296 102.0 0.5 197.4136 25.00 201.539 201.736 9.1 201.923297 102.5 | 0.5 197.347 25.00 201.481 201.678 9.1 201.865298 103.0 | 0.5 197.2804 25.00 201.423 201.621 9.1 201.808299 103.5 0.5 197.21381 25.00 201.365 201.563 9.1 201.751300 104.0 0.5 197.1472 25.00 201.307 201.505 9.1 201.693301 104.5 0.5 197.0806 25.00 201.248 201.447 9.1 201.635

|

302 105.0 j 0.5 197.014 25.00 201.190 201.389 9.1 201.578303 105.5 0.5 196.9474 25.00 201.131 201.330 9.1 201.520304 106.0 0.5 196.8808 25.00 201.072 201.272 9.1 201.462305 106.5 0.5 196.8142 25.00 201.013 201.213 9.1 201.403306 107.0 0.5 196.7476 25.00 200.954 201.155 9.1 201.345307 _. 107.5 0.5 196.681 25.00 200.895 201.096 9.1 201 2 87G08 108.0 0.5 196.6144 25.00 200.836 201.037 9.1 ! 201328309 108.5 0.5 196.5478 25.00 200.777 200.978 9.1 201.170310 109.0 0.5 ' 196.4812 25.00 200.717 200.919 9.1 201.111311 109.5 0.5 196.4146 25.00 200.658 200.860 9.1 201.052312 110.0 0.5 196.348 25.00 200.598 200.801 9.1 200.993
,

313 110.5 ' O.5 196.2814 25.00 200.539 200.742 9.1 200.934314 111.0 0.5 196.2148 25.00 200.479 200.682 9.1 200.875315 111.5 0.5 196.1482 25.00 200.419 200.623 9.1 200.816316 112.0 0.5 196.0816 25.00 200.359 200.563 9.1 200.757317 112.5 0.5 196.015 25.00 200.299 200.503 9.1 200.697318 113.0 0.5 195.9484 25.00 200.239 200.444 9.1 200.638319 113.5 0.5 195.8818 25.00 200.179 200.384 9.1 200.578320 114.0 0.5 195.8152 25.00 200.118 200.324 9.1 200.519321 114.5 0.5 195.7486 25.00 200.058 200.264 9.1 200.459
'

322 115.0 0.5 195.682 25.00 199.998 200.203 9.1 200.399323 115.5 0.5 195.6154 25.00 199.937 200.143 9.1 200.339324 116.0 0.5 195.5488 25.00 199.877 200.083 9.1 200.279325 116.5 0.5 195.4822 25.00 199.816 200.023 9.1 200.219326 117.0 0.5 195.4156 25.00 199.755 199.962 9.1 200.159327 117.5 0.5 195.349 25.00 199.694 199.902 9.1 200.098328 118.0 0.5 195.2824 25.00 199.633 199.841 9.1 200.038329 118.5 0.5 195.2158 25.00 109.572 199.780 9.1 199.978330 119.0 0.5 195.1492 25.00 199.511 199.719 9.1 199.917331 119.5 0.5 195.0826 25.00 199.450 199.658 9.1 199.857332 120.0 0.5 195.016 25 00 19?.389 199.598 9.1 199.796

h(Uchida) = 215
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|

?

:
N i time j ATIME iTambient h(Uchida) TpipeExt Tpipeint k(ss) Twater

I

0 ! 0.0 | 85.000 25 85.000 85.000 8.7 85.000 |

,

1 0.3 0.25 86.176 31.375 85.000 85.000 8.7 85.000
{2 0.5 025 87.352 37.75 85.038 85.000 8.7 85.0003 0.8 0.25 88.528 44.125 85.113. 85.014 8.7 85.000 i4 1.0 0.25 89.704 50.5 85230 85.048 8.7 85.002 |5 1.3 0.25 90.880 56.875 85.393 85.105 8.7 85.009 ;6 1.5 0.25 92.056 6325 85.605 85.189 8.7 85.023 {7 1.8 0.25 93.232 69.625 85.867 85.303 8.7 85.047 !8 2.0 025 94.408 76 86.181 85.451 8.7 85.085 |9 2.3 025 95.584 82.375 86.549 85.634 8.7 85.138 |

10 2.5 0.25 96.760 88.75 86.969 85.853 8.7 85211 i
11 2.8 025 97.936 95.125 87.442 86.112 8.7 85.305 {12 3.0 025 99.112 101.5 87;968 86.410 8.7 85.423 '

13
_

3.3 0.25 100.288 107.875 88.545 86.749 8.7- 85.56814 3.5 0.25 101.464 114.25 89.172 87.129 8-7 t 85.741 ;15 3.8 025 102.640 120.625 89.848 87.551 8.7 - 85.94416 4.0 0.25 103.816 127 90.571 88.014 8.7 86.180 '

17 4.3 0.25 104.992 133.375 91.339 88.518 8.7 86.44818 4.5 025 106.168 139.75 92.151 89.063 8.7 86.75219 4.8 0.25 107.344 146.125 93.005 89.648 8.7 87.09020 5.0 0.25 108.520 152.5 93.899 90.273 8.7 87.465 !21 5.3 0.25 109.696 158.875 94.830 90.937 8.7 87.876 !
, 22 5.5 025 110.872 16525 95.796 91.638 8.7 88.325 i
'

23 5.8 025 112.048 171.625 96.797 92.377 8.7 88.810 !24 6.0 0.25 113224 178 97.829 93.151 8.7 89.333 !25 6.3 025 114.400 184.375 98.891 93.959 8.7 89.892 |26 6.5 025 -115.576 190.75 99.980 94.801 8.7 90.48827 6.8 0.25 116.752 197.125 101.096 95.675 8.7 91.120 [28 7.0 ~ 025 117.928 203.5 102.235 96.580 8.7 91.787i 29 7.3 025 119.104 209.875 103.397 97.514 8.7 92.48930 7.5 025 120280 216.25 104.579 98.476 8.7 93225 !

;

31 - 7.8 025 121.456 ??? 625 105.781 99.465 8.7 93.99532 8.0 025 122.632 229 107.000 100.479 8.7 94.796 |

;

33 8.3 0.25 123.808 235.375 108235 101.517 8.7 95.62834 - 8.5 0.25 124.984 241.75 109.484 102.579 8.7 = 96.491 !35 8.8 0.25 126.160 248.125 110.747j03.661 8.7 97.383 !36 9.0 025 127.336 254.5 112.0721 104.764 8.7 98.303 ?37 9.3 025 128.512 260.875 113.308 105.887 8.7 99.249 !38 9,5 0.25 129.688 26725 114 603 107.027 8.7 100.22239 9.8 0.25 130.864 273.625 115.900 ~.08.184 8.7 101.219
_

40 10.0 0.25 132.040 280 117.220 109.356 8.7 102.239
41 ; 10.3 0.25 133.216 280 118.538 1'.3.544 8.7 103.282i

h(Uchida) = 280
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N I time i A TIME Tambient h(Uchida) {TpipeExt LTpipeint k(ss) Twater42 | 10.5 0.25 134.392 280' 119.767 111.744 8.7 104.34643 i 10.8 0.25 135.568 280 120.971, 112.922 8.7 105.43044 I 11.0 j 025 136.744 280 122.157 114.086 8.7 106.527
45 | 11.3 0.25 137.920 280 123.332 115.242 8.7 107.63546~ 1 F5 0:25 139-056 280 124.500 116.3G4 8.7 108.749'- 47 11.8 0.25 140272 280 125.664 117.542 8.7 109.869
48 12.0 0.25 141.448 280 126.826 118.690 8.7 110.993
49 12.3 0.25 142.624 280 127.987 119.837 8.7 112.121
50 12.5 0.25 143.800 280 129.147 120.984 8.7 113251
51 12.8 0.25 144.976 280 130.306 122.132 8.7 114.384
52 13.0 0.25 146.152 280 131.466 123.280 8.7 115.519
53 13.3 025 147.328 280 132.627 124.430 8.7 116.656
54 13.5 025 148.504 280 133.788 125.580 8.7 117.795
55 13.8 0.25 149.680 280 134.949 126.732 8.7 118.936

- 56 14.0 0.25 150.856 280 136.111 127.884 8.7_ , 120.078" 57 14.3 0.25 152.032 280 137.273 129.038 8.7 ' 121221
58 14.5 0.25 153.208 280 138.436 130.192 8.7 122.367
59 14.8 0.25 154.384 280 139.600 131.348 8.7 123.513
60 15.0 0.25 155.560 280 140.764 132.504 8.7 124.661
61 15.3 .0.25 156.736 280 141.928 133.661 8.7 125.810
62 15.5 0.25 157.912 280 143.093 134.819 8.7 126.960
63 15.8 0.25 159.088 280 144.259 135.977 8.7 128.111
64 16.0 0.25 160264 280 145.425 137.137 8.7 129264
65 16.3 0.25 161.440 280 146.591 138297 8.7 130.417
66 16.5 0.25 162.616 280 147.758 139.458 8.7 131.571
67 16.8 0.25 163.792 280 148.925 140.619 8.7 132.727
68 17.0 0.25 164.968 280 150.093 141.781 8.7 133.883
69 17.3 0.25 166.144 280 151.261 142.944 9.1 135.040
70 17.5 025 167.320 280 152.287 144.161 9.1 136251
71 17.8 025 168.496 280 153.430 145.302 9.1 137.463
72 18.0 025 169.672 280 154.582 146.462 9.1 138.665
73 - 18.3 0.25 170.848 280 155.744 147.629 9.1 139.859
74 18.5 025 172.024 280 156.912 148.802 9.1 141.050
75 18.8 0.25 173200 280 158.084 149.977 9.1 142.238
76 19.0 025 174.376 280 159.258 151.154 9.1 143.424 |, 77 19.3 025 175.552 280 16G.434 152.333 f.1 144.608

,

78 19.5 0.25 176.728 280 161.611 153.512 v.i 145 "92
79 19.8 025 177.904 280 162.789 154.69i 9.1 146.975
80 20.0 0.25 179.080 280 163.966 155.870 9.1 148.157
81 20.3 0.25 1802 56 280 165.144 157.050 9J 149.339
82 20.5 0.25 181.432 280 166.322 158.230 9.1 150.521
83 1 20.8 | 025 182.608 280| 167.500 159.409 9.1 151.702

h(Uchida) = 2E0

-
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__

N | tim e A TIME |Tambient |h(Uchida) ITpipcExt Tpipeint k(ss) Twater
,

84 21.0 0.25 183.784| 280 168.678 160.588 9.1 152.883
85 21.3 0.25 184.960| 280 169.856 161.768 9.1 154.064i

| 86 21.5 0.25 186.136l 280 171.034 162.947 9.1 155244
87 21.8 O.25 187.312 280, 172.212 164.126 9.1 156.425

'

| BS 22.0 0.25 188.488 280 173.390 165.305 9.1 157.605
89 22.3 0.25 189.664 280 174.568 166.484 9.1 158.785
90 22.5 0.25 190.840 280 175.745 167.662 9.1 159.964 i
91 22.8 025 192.016 280 176.923 168.841 9.1 161.144
92 23.0 0.25 193.192 280 178.100 170.019 9.1 162.323
93 23.3 0.25 194.368 280 179278 171.197 9.1 163.503

| 94 23.5 0.25 195.544 280 180.455 172.376 9.1 164.682
95 23.8 025 196.720 280 181.632 173.554 9.1 165.861

,

! 96 24.0 025 197.896 280 182.810 174.732 9.1 167.040
97 _ 24.3 0.25 199.072 280 183.987 175.910 9.1 - 168.218
98 24.5 025 200248 280 185.164 177.088 9.4-t 169.397
99 24.8 0.25 201.424 280 186.341 178.265 9.1 170.575
100 25.0 0.25 202.600 280 187.518 179.443 9.1 171.754

>

101 25.3 025 203.776 280 188.695 180.621 9.1 172.932 i102 25.5 025 204.952 280 189.872 181.798 9.1 174.110
103 25.8 0.25 206.128 280 191.049 182.976 9.1 175.288
104 26.0 0.25 207.304 280 192226 184.153 9.1 176.466
105 26.3 0.25 208.480 280 193.403 185.330 9.1 177.644
106 26.5 _ 0.25 209.656 280 194.579 186.508 9.1 178.822
107 26.8 1 0.25 210.832 ' 30 195.756 187.685 9.1 180.000
108 27.0 0.25 212.008 50 196.933 188.862 9.1 181.177
109 27.3 0.25 211.883 280 198.110 190.039 9.1 182.355
110 27.5 0.25 211.758 280 198.914 191.216 9.1 183.532
111 27.8 0.25 211.633 280 199.598 192.248 9.1 184.710
112 28.0 0.25 211.508 280 200.185 193.181 9.1 185.865
113 28.3 0.25 211.383 280 200.703 194.036 9.1 186.986
114 28.5 0.25 211.258 280 201.168 194.828 9.1 188.067
115 28.8 0.25 211.133 280 201.592 195.567 9.1 189.103
116 29.0 0.25 211.008 280 201.981 196259 9.1 190.093
117 29.3 025 210.883 280 202.340 196.909 9.1 191.038
118 29.5 0.25 210.758 280 202.674 197.521 9.1 191.938 !

4

119 29.8 025 210.633 280 202.985 198.099 9.1 197.793
120 30.0 0.25 210.508 280 203.275 198.643 9.1 193.606
121 30.3 0.25 210.445 280 203.545 199.158 9.1 194.378
122 30.5 0.25 210.383 280 203.814 199.643 9.1 195.110
123 30.8 025 210.3201 280 204.073 200.107 9.1 105 ?35
124 31.0 0.25 210.258l 280' 204.320 200.550 9.1 196.4C4 :125 31.3 0.25 210.195 j 280 204.554 200.972 9.1 197.090 |

|

h(Uchida) = 280
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; N | tim e I A Tlh1E !Tambient jh(Uchica) 'TpipeExt Tpipeint k(ss) Twater126 31.5 025 1 210.133' 280 204.776 201.374 9.1 197.685127 31.8 0.25 210.070 2801 204.987 201.755 9.1 198.250128 32.0 025 210.008 280 205.185 202.116 9.1 198.787129 32.3 025 209.945| 280 205.373 202.460 9.1 199.298130 32.5 0.25 209.8831 280 205.549 202.785 9.1 199.782
<

131 32.8 025 209.820 280 205.715 203.093 9.1 200.242
,

132 33.0 025 209.758 280 205.871 203.384 9.1 200.679133 33.3 0.25 209.695 280 206.017 203.660 9.1 201.094134 33.5 0.25 209.633: 280 206.154 203.921 9.1 201.487135 33.8 025 209.570 280 206.282 204.167 9.1 201.860136 34.0 0.25 209.508 280 206.401 204.400 9.1 202.213137 34.3 0.25 209.445 280 206.513 204.620 9.1 202.54813B 34.5 0.25 209.383 280 206.616 204.827 9.1 202.866139 _ 34.8 0.25 209.320 280 206.712 205.022 9.1 ' 203.166_140 35.0 025 209.258 280 206.802 205.205 9:ti 203.451141 35.3 025 209.195 280 206.884 205.378 9.1 203.719142 35.5 0.25 209.133 280 206.960 205.540 9.1 203.974143 35.8 0.25 209.070 280 207.030 205.692 9.1 204.214144 36.0 0.25 209.008 280 207.094 205.835 9.1 204.440145 36.3 025 208.945 280 207.152 205.968 9.1 204.654146 36.5 025 208.883 280 207205 206.093 9.1 204.855147 36.8 025 208.820 280 207.253 206209 9.1 205.045
( 148 37.0 025 208.758 280 207296 206.318 9.1 205223149 37.3 025 208.695 280 207.334 206.419 9.1 205.391150 37.5 0.25 208.633 280 207.368 206.512 9.1 205.54B151 37.8 0.25 208.570 280 207.397 206.599 9.1 205.696152 38.0 0.25 208.508 280 207.423 206.679 9.1 205.834153 38.3 025 208.445 280 207.444 206.752 9.1 205.964154 38.5 .. 0.25 208.383 280 207.462 206.820 9.1 206.085155 38.8 0.25 208.320 280 207.475 206.882 9.1 206.197156 39.0 0.25 208258 280 207.487 206.938 9.1 206.302157 39.3 0.25 208.195 280 207.494 206.989 9.1 206.400158 39.5 025 208.133 280 207.498 207.035 9.1 206A90159 39.8 025 208.070 280 207.500 207.076 9.1 206.573160 40.0 0.25 208.008 280 207.498 207.112 9.1 * 206.650161 40.3 025 207.945 280 207.494 207.144 9.1 206.721162 40.5 025 207.883 280 207.487 207.172 9.1 206.786163 40.8 0.25 207.820 280 207.478 207.196 9.1 206.845164 41.0 0.25 207.758 280 207.467 207.216 9.1 206.899165 41.3 0.25 207.695 280 207.453 207232 9.1 206.948

,

166 41.5 0.25 207.633 280 207.437 207.245 9.1 206.991167 41.8 0.25 207.570 280. 207.418 207.255 9.1 207.030

h(Uchida) = 280

.

SETPOINT CALCULATION
11R?f4 7?A. R- r 0- Powtnr \ tov 5p1 I nwt nt.f I ot,p1I W i *M '> TFD O P47 JL ED ED .ros No. 2 y a 5L4 PAGE

O 34 M hl Tn JhW3 pIFID CALC NO. b
stv eY DATE CHECKED DATE ABB Wh Cmae g}

D-M



N time a TIME ITambient h(Uchida) TpipeExt Tpipeint k(ss) Twater
.

168 42.0 0.25 207.508, 280 207.398 207261 9.1 207.065169 42.3 0.25 207.445 280 207.376 207264 9.1 207.095170 42.5 0.25 207.383 280 207.353 207.264 9.1 207.121171 42.8 0.25 207.320 280 207.327 207262 9.1 207.143172 43.0 0.25 207.258 280 207.300 207257 9.1 207.161173 43.5 0.5 1 207.133i 180 207.242 207.241 9.1 207.190174 44.0 0.5 | 207.008 130 207201 207216 9.1 207.206175 44.5 0.5 | 206.883 105 207.161 207.199 9.1 207.209176 45.0 0.5 206.758 85 207.131 207.175 9.1 207206177 45.5 0.5 206.633 65 207.100 207.157 9.1 207.196178 46.0 0.5 206.508 50 207.082 207.133 9.1 207.184179 46.5 0.5 206.383 35 207.063 207.120 9.1 207.169180 47.0 0.5 206.258 25 207.058 207.100 9.1 207.154181 47.5 0.5 206.133 25 207.050 207.095 9.1 * 207.137182 48.0 0.5 206.008 25 207.038 207.082 9-11 207.124183 48.5 0.5 205.883 25 207.019 207.069 9.1 207.111184 49.0 0.5 205.758 25 207.000 207.052 9.1 207.098185 49.5 0.5 205.633 25 206.977 207.035 9.1 207.084186 50.0 0.5 205.508 25 206.954 207.'.)15 9.1 207.069187 50.5 0.5 205.383 25 206.927 206.995 9.1 207.053188 51.0 0.5 205.258 25 206.901 206.972 9.1 207.035189 51.5 0.5 205.133 25 206.872 206.949 9.1 207.016190 52.0 0.5 205.008 25 206.843 206.923 9.1 206.995191 52.5 0.5 204.883 25 206.811 206.898 9.1 206.973192 53.0 0.5 204.758 25 206.780 206.869 9.1 206.950193 53.5 0.5 204.633 25 206.746 206.841 9.1 206.925194 54.0 0.5 '204.508 25 206.712 206.810 9.1 206.899195 54.5 0.5 204.383 25 206.676 206.779 9.1 206.872196 55.0 0.5 204.258 25 206.639 206.746 9.1 206.844197 55.5 0.5 204.133 25 206.600 206.713 9.1 206.814198 56.0 0.5 204.008 25 206.562 206.677 9.1 206.783199 ~ 56.5 0.5 203.883 25 206.521 206.641 9.1 206.750200 57.0 0.5 203.758 25 206.480 206.603 9.1 206.717201 57.5 0.5 203.633 25 206.437 206.565 9.1 206.682202 58.0 0.5 203.508 25 206.393 206.525 9.1 206.646=
203 58.5 0.5 203.383 25 206.348 206.484 9.1 206.609204 59.0 0.5 203258 25 206.303 206.442 9.1 206.571205 59.5 0.5 203.133: 25 206.255 206.399 9.1 206.531206 60.0 0.5 203.008 25 206208 206.355 9.1 206.491207 60.5 0.5 202.941 25 206.159 206.310 9.1 206.449

i

208 61.0 0.5 } 202.875l 25 206.112 206.263 9.1 206.406209 61.5 0.5 l 202.8081 25 206.064 206.219 9.1 206.363

h(Uchida) = 200
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,' N i time A TIME ITambient |h(Uchida) TpipeExt Tpipelnt k(ss) Twater
210 | 62.0 0.5 202.742l 25 206.018 206.172 9.1 206.318
211 - 62.5 l 0.5 202.675| 25 205.970 206.127 9.1 206.274
212 i 63.0 0.5 ! 202.608: 25 205.924 206.080 9.1 206.229
213 I 63.5 0.5 202.542 25 205.876 206.034 9.1 206.183
214 I 64.0 0.5 202.475 25 205.829 205.9S7 9.1 206.137215i G4.5 0.5 202.409 25 205.780 205.941 9.1 206.091216i 65.0 0.5 ~202.342 25 205.733 205.893 9.1 206.045
217 I 65.5 0.5 202.275- 25 205.684 205.846 9.1 205.998
218 I 66.0 0.5 202.209 25 205.636 205.798 9.1 205.952
219 66.5 0.5 202.142 25 205.587 205.750 9.1 205.905
220 67.0 0.5 202.076 25 205.538 205.702 9.1 205.857
221 67.5 0.5 202.009 25 205.488 205.654 9.1 205.810
222 i 68.0 0.5 201.942 25 205.439 205.605 9.1 205.762
223 - 68.5 0.5 201.876 25 205.389 205.556 9.1 205.714
24 69.0 0.5 201.809 25 205.339 205.507 9.T ! 205.665

225 69.5 0.5 201.743 25 205.289 205.458 9.1 205.617
226 70.0 0.5 201.676 25 205.239 205.408 9.1 205.568
227 70.5 0.5 201.609 25 205.188 205.358 9.1 205.519
228 71.0 0.5 201.543 25 205.137 205.308 9.1 205.470
229 71.5 0.5 201.476 25 205.086 205258 9.1 205.420
230 72.0 0.5 201.410 25 205.035 205207 9.1 205.370
231 72.5 0.5 201.343 25 204.984 205.157 9.1 205.320
232 73.0 0.5 201276 25 204.932 .205.106 9.1 205.270
233 73.5 0.5 201.210 25 204.880 205.055 9.1 205220
234 74.0 0.5 201.143 25 204.828 205.003 9.1 205.169
235 74.5 0.5 201.077 25 204.776 204.952 9.1 205.118
236 75.0 0.5 201.010 25 204.724 204.900 9.1 205.067
237 75.5 0.5 200.943 25 204.671 204.848 9.1 205.016
238 76.0 0.5 200.877 25 204.618 204.796 9.1 204.965
239 76.5 0.5 200.810 25 204.565 204.744 9.1 204.913
240 77.0 0.5 200.744 25 204.512 204.691 9.1 204.861
241 77.5 0.5 200.677 25 204.459 204.639 9.1 204.809
242 78.0 0.5 200.610 25 204.405 204.586 9.1 204.757
243 78.5 0.5 200.544 25 204.352 204.533 9.1 204.704
244 79.0 0.5 200.477 25 204.298 204.480 9.1 204.652

'

245 79.5 0.5 200.411 25 204.244 204.426 9.1 204.599
246 80.0 0.5 200.344 25 204.190 204.373 9.1 204.546
247 80.5 0.5 200.277 25 204.135 204.319 9.1 204.493
248 81.0 0.5 200211 25 204.081 204 265 9.1 204.440
249 81.5 0.5 200.144 25 204.026 204.211 9.1 204.386
250 | 82.0 1 0.5 200.078 25 203.972 204.157 9.1 204.332
251 l 82.5 l 0.5 200.011 25 203.917 204.102 9.1 204.279

'

h(Uchida) = 280
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!

|

fJ time ! A TIME Tamtnent jh(Uchida) TpipeExt Tpipeint k(ss) Twater
252 83.0 0.5 199.944| 25 203.861 204.048 9.1 204225

,

253 83.5 0.5 199.8781 25- 203.806 203.993 9.1 204.170
254 84.0 0.5 199.811 25l 203.751 203.938, 9.1 204.116
255 ? 84.5 0.5 199.745 25| 203.695 203.883 9.1 204.062
256 85.0 0.5 199.678 25- 203.639 203.828 9.1 204.007
257 85.5 0.5 199.611 25 203.584 203.773 9.1 203.952
258 86.0 0.5 199.545 25 203.528 203.717 9.1 203.897
259 86.5 0.5 199.478 25 203.471 203.662 9.1 203.842
260 87.0 0.5 199.4121 25 203.415 203.606 9.1 203.787
261 87.5 0.5 199.345 25 203.359 203.550 9.1 203.731
262 88.0 0.5 199.278 25 203.302 203.494 9.1 203.676
263 88.5 0.5 199.212 25 203246 203.438 9.1 203.620
264 89.0 0.5 199.145 25 203.139 203.381 9.1 203.564
265 _ 89.5 0.5 199.079 25 203.132 203.325 9.1 * 203.508
266 90.0 0.5 199.012 25 203.075 203268 9:1 ? 203.452
267 90.5 0.5 198.945 25 203.018 203212 9.1 203.396
268 91.0 0.5 198.879 25 202.960 203.155 9.1 203.339
269 91.5 0.5 198.812 25 202.903 203.098 9.1 203283
270 92.0 0.5 198.746 25 202.845 203.041 9.1 203226
271 92.5 0.5 198.679 25 202.788 202.983 9.1 203.169
272 93.0 0.5 198.612 25 202.730 202.926 9.1 203.112
273 93.5 0.5 198.546 25 202.672 202.868 9.1 203.055

; 274 94.0 0.5 198.479 25 202.614 202.811 9.1 202.998
275 94.5 0.5 198.413 25 202.556 202.753 9.1 202.941
276 95.0 0.5 198.346 25 202.497 202.695 9.1 202.883
277 95.5 0.5 198.279 25 202.439 202.637 9.1 202.826
278 96.0 0.5 198.213 25 202.381 202.579 9.1 202.768
279 96.5 0.5 198.146 25 202.322 202.521 9.1 202.710
280 97.0 ~ 0.5 198.080 25 202263 202.463 9.1 202.652
281 97.5 0.5 198.013 25 202.205 202.404 9.1 202.594
282 98.0 0.5 197.946 25 202.146 202.346 9.1 202.536
283 98.5 0.5 197.880 25 202.087 202.287 9.1 202.478
284 99.0 0.5 197.813 25 202.028 202229 9.1 202.419
285 99.5 0.5 197.747 25 201.968 202.170 9.1 202.361
286 100.0 0.5 197.680 25 201.909 202.111 9.1 * 202.302
287 100.5 0.5 197.613 25 201.850 202.052 9.1 - 202.244
288 101.0 0.5 197.547 25 201.790 201.993 9.1 202.185
289 101.5 0.5 197.480 25 201.731 201.933 9.1 202.126
290 102.0 0.5 197.414 25 201.671 201.874 9.1 202.067
291 102.5 0.5 197.347 25 201.611 201.815 9.1 202.008
292 103.0 0.5 197.280 25 201.551 201.755 9.1 201.949
293 103.5 0.5 197214 25 201.492 201.695 9.1 201.889

h(Uchida) = 280

'

SETP01NT CALCULAT10N
! T97M 77a 4. r n. paarenr vneen1 I n1.,_ t n t., i n.,n1

I VR 4M Tcp 4 |'r) JL ED ED Jos No. 2 :r-a u PAGE
O M d:e1% T3B 2.bl% Q pIF cAtc wo. 81
atV BY DATE CHECKED DATE ABO M Cmaton gyp ., g

D-BA

_ _ - - _ _ _ - _ - _ _ - _ _ _ _ _ - . _ _ _ _ .



i tJ ! time ! A TIME ITambient h(Uchida) TpipeExt Tpipelnt k(ss) Twater
294| 104.0 0.5 197.147 25 201.431 201.636 9.1 201.830
295 i 104.5 0.5 197.081 25 201.371 201.576 9.1 201.770
296 105.0 0.5 197.014 25 201.311 201.516 9.1 201.711
297 105.5 0.5 195.947 25 201.251 201.456 9.1 201.651
298 106.0 0.5 196.881 25 201.191 201.396 9.1 201.591
299 106.5 0.5 196.814 25 201.130 201.336 9.1 201.532
300 107.0 | 0.5 196.748 25 201.070 201.276 9.1 201.472
301 107.5 0.5 196.681 25 201.009 201.215 9.1 201.412
302 | 108.0 0.5 196.614 25 200.948 201.155 9.1 201.351
303 108.5 0.5 196.548 25 200.887 201.094 9.1 201.291
304 109.0 0.5 196.481 25 200.827 201.034 9.1 201.231
305 109.5 0.5 196.415 25 200.766 200.973 9.1 201.171
306 110.0 0.5 196.348 25 200.705 200.913 9.1 201.110
307 110.5 0.5 196.281 25 200.644 200.852 9.1 ' 201.050

L 308 111.0 0.5 196.215 25 200.583 200.791 -9'1 E 200.989
309 111.5 0.5 196.148 25 200.521 200.730 9.1- 200.928
310 112.0 0.5 196.082 25 200.460 200.669 9.1 200.867
311 112.5 0.5 196.015 25 200.399 200.608 9.1 200.807
312 113.0 0.5 195.948 25 200.337 200.547 9.1 200.746
313 113.5 0.5 195.882 25 200.276 200.485 9.1 200.685
314 114.0 0.5 195.815 25 200.214 200.424 9.1 200.624
315 114.5 0.5 195.749 25 200.153 200.363 9.1 200.562
316 115.0 0.5 195.682 25 200.091 200.301 9.1 200.501
317 115.5 0.5 195.615 25 200.029 200240 9.1 200.440
318 116.0 0.5 195.549 25 199.967 200.178 9.1 200.379_
319 116.5 0.5 195.482 25 199.905 200.116 9.1 200.317
320 117.0 0.5 195.416 25 199.843 200.055 9.1 200.256
321 117.5 0.5 195.349 25 199.781 199.993 9.1 200.194
322 118.0 . 0.5 195.282 25 199.719 199.931 9.1 200.132
323 118.5 0.5 195.216 25 199.657 199.869 9.1 200.071
324 119.0 0.5 195.149 25 199.595 199.807 9.1 200.009
325 - 119.5 0.5 195.083 25 199.533 199.745 9.1 199.947
326 120.0 0.5 195.016 25 199.471 199.683 9.1 199.885
327 120.5 0.5 194.949 25 199.408 199.621 9.1 199.823
328 121.0 0.5 194.883 25 199.346 199.559 9.1 ' 199.761
329 121.5 0.5 194.816 25 199283 199.497 9.1 - 199.699
330 122.0 0.5 194.750 25 199.221 199.434 9.1 199.637
331 122.5 0.5 194.683 25 199.158 199.372 9.1 199.575
332 123.0 0.5 194.616 25 199.096 199.309 9.1 199.513
333 123.5 0.5 194.550 25 199.033 199.247 9.1 199.450
334 124.0 0.5 194.483 25 198.970 199.184 9.1 199.388
335 124.5 0.5 194.4171 25 198.907 199.122 9.1 199.326

h(Uchida) = 280
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N I time i a TIME ITambient h(Uchida) TpipeExt Tpipeint k(ss) Twater
336j 125.0 l 0.5 194.350 25 198.845 199.059 9.1 199.263
337 | 125.5 0.5 194.283 25 198.782 198.996 9.1 199.201
338 126.0 0.5 194.217 25 198.719 198.934 9.1 199.138
339 126.5 0.5 194.150 25 198.656 198.871 9.1 199.075
340 127.0 0.5 194.084 25 198.593 198.808 9.1 199.013
341 127.5 0.5 194.017 25 198.530 198.745 9.1 193.950
342 128.0 0.5 193.950 25 198.466 198.682 9.1 198.887
343 128.5 0.5 193.884 25 198.403 198.619 9.1 198.824
344 129.0 0.5 193.817 25 198.340 198.556 9.1 198.761
345 129.5 0.5 193.751 25 198.277 198.493 9.1 198.698
346 130.0 0.5 193.684 25 198214 198.430 9.1 198.635
347 130.5 0.5 193.617 25 198.150 198.367 9.1 198.572
348 131.0 0.5 193.551 25 198.087 198.303 9.1 198.509
349 131.5 0.5 193.484 25 198.023 198240 9.1 - 198.446

._350 132.0 0.5 193.418 25 197.960 198.177 M? 198.383
351 132.5 0.5 193.351 25 197.896 198.113 9.1 - 198.320
352 133.0 0.5 193.284 25 197.833 198.050 9.1 198257
353 133.5 0.5 193.218 25 197.769 197.987 9.1 198.193
354 134.0 0.5 193.151 25 197.706 197.923 9.1 198.130
355 134.5 0.5 193.085 25 197.642 197.860 9.1 198.067
356 135.0 0.5 193.018 25 197.578 197.796 9.1 198.003
357 135.5 0.5 192.951 25 197.514 197.732 9.1 197.940
358 136.0 0.5 192.885 25 197.451 197.669 9.1 197.876
359 136.5 0.5 192.818 25 197.387 197.605 9.1 197.813
360 137.0 0.5 192.752 25 197.323 197.541 9.1 197.749
361 137.5 0.5 192.685 25 197.259 197.477 9.1 197.685
362 138.0 0.5 192.618 25 197.195 197.414 9.1 197.622
363 - 138.5 0.5 192.552 25 197.131 197.350 9.1 197.558
364 139.0 ' O.5 192.485 25 197.067 197.286 9.1 197.494
365 139.5 0.5 192.419 25 197.003 197.222 9.1 197.430
366 140.0 0.5 192.352 25 196.939 197.158 9.1 197.366
367 - 140.5 0.5 192285 25 196.875 197.094 9.1 197.303
368 141.0 0.5 192.219 25 196.811 197.030 9.1 197239
369 141.5 0.5 192.152 25 196.747 196.966 9.1 197.175
370 142.0 0.5 192.0S6 25 196.682 196.902 9.1 * 197.111
371 142.5 0.5 192.019 25 196.618 196.838 9.1 - 197.047
372 143.0 0.5 191.952 25 196.554 196.774 9.1 196.983
373 143.5 0.5 191.886 25 196.490 196.709 9.1 196.919
374 144.0 0.5 191.819 25 196.425 196.645 9.1 196.855
375 144.5 0.5 191.753 25 196.361 196.581 9.1 196.790
376 | 145.0 0.5 191.686 25 196.297 19G.517 9.1 196.726
377 | 145.5 0.5 191.619 25 196.232 196.452 9.1 196.662

h(Uchida) = 200

'

SETPOINT CAL CUL ATION

!IS263-72A. B. C. D: Peactor Vessel Low-Low Level
i WR 4M ~JFn O h3 n ED ED JOB NO. 2 7. n g, PAGE

O .M 996 TJD AM5 08.I,{ cate *
or

< u._a s1m n om cmco om m - c-

D-BH



.

f4 tim e A TIME Tambient h(Uchida) TpipeExt Tpipeint k(ss) Twater,

378 146.0 0.5 191.553 25 196.168 196.388 9.1 196.598
379 146.5 0.5 191.486 25 196.103 196.324 9.1 196.534
380 147.0 0.5 191.420 25 196.039 196.259 9.1 196.469
381 147.5 0.5 191.353 25 195.974 196.195 9.1 196.405
382 148.0 0.5 191.286 25 195.910 196.130 9.1 196.341
383 148.5 0.5 191.220 25 195.845 196.066 9.1 196.276
384 149.0 0.5 191.153 25 195.780 196.001 9.1 196.212
385 149.5 0.5 191.087 25 195.716 195.937 9.1 196.147
386 150.0 0.5 191.020 25 195.651- 195.872 9.1 196.083

. . .

'

. -

-

.-ga_.
_.

|
.

4

(

~

~~

!

!
'

. >

.

1

|

|

h(Uchida) = 200

(
SETP01NT CALCULATION

LIS?63-7? A. R. C. D Peactor Vessel l ow-! nw l evel
1 Mi sb! O U@ 9)il43 JL BD BD see No. I y . q. a 4, ** E

O hR itum T3D 2 hm OEM C^'' " -
or

( t 7,3 g g,,,,yj MnEv ev c4Tt cHtckto caTt ^es own ms a ate,
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V. RESULTS AND CONCLUSIONS |

i

_Pl.A NT I M PA CT

' Parameter instrument
LT263-72A, B, C, D |LIS263-72A, B, C, D

Surveillance interval . 24 Months 3 Months
Combined i0.25% span 0.13% span
Measurement & Test or or
| Equipment Accuracy 0.25" in i0.02 mAdc_

No Adjust Limits 0.04mAdc i0.02 mAdc (trip)
i0.16 mAdc (reset)

SETPOINT DAT.A ,

| Current Value 24 Month Fuel Cycle Value

Field Tnp Setpoint -46"(4.64mAde) -46.14" (4.62mAde)

Field Reset -42" (5.28mAdc) N/A
Notify Watch Encineer Value -49"(4.16 mAde) -4637"(458mAde)

,

Channel Cross Check Value = 6"

The field setpoint value now implemented at PNPS is conservative with respect
to the calculated trip setpoint, however, the calculated allowable value is less
than the existing allowable value now implemented at PNPS (See Figure 1).
Therefore, there is negative margin. Please note that existing setpoints
implemented at PNPS have a different technical basis from the values
determined from this calculation. Therefore, an allowable value change will be
necessary when the 24 month fuel cycle is adopted.

This calculation has demonstrated that 0.14" margin exists in the setpoint.
Following recalibration of the transmitter, this value can be increased to >0.72"
by using the actual reference leg elevation in the scaling calculation. An
additional 40 42" of margin can be achieved if Rosemount tested more than 34
transmitters to establish temperature sensitivities.

<

Setpoint Calculation

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

p (2, w|,m 3 3 fg jg3 JL gg gg .ros tao. 25-226 PAGE
1

"
o JWR 1/28/93 TJD 2/1/93 #%E5Ep cAtce40. or

A o " bHLV BY DATE CHECKED DATE (2s-226-C004)ggg p g RP RAT ord

'D Bla
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FIGURE 1
CALCULATED LIMITS AND SETPOINT

RELATIONSHIP

(DECREASING SETPOINT)

VALUES IMPLEMENTED AT PNPS ACTU AL CALCULATED VALUES

PROCESS NORMAL OPERATIOP

20" 20~

!

2 i

O

RESET VALUE
-4 2"

[[ MINIMUM TRIP SETPOINT
j

Y FIELD SETPOINT
46- - - - - - - - - - - -- -46.14" ,

Al h -46.32" ;

MINIMUM ALLOWABLE VALUE -

TECHNICAL SPECIFICATION |
-;- ALLOWABLE VALUE l

4- . _ __ _ _ ___ __ |

|
!

l

3 |n ,

l

1

3
*

i

ANALYTICAL LIMIT I

-56.9" 56.9~

!

SETPOINT CALCULATION

LS263-72A, B, C, D : Reactor Vessel Low-Low Level

1A em TFD O fU jk |$ |$' mB m. 25-226 PAGE
*,#%Ep59O JWR 1/28/93 TJD 211/93 cAtc NO. Og

REV BY DATE CHECKE.D DATE ASEA BROWN BOVERI 31
ABB IMPELL CORPORATION (25-226-C004)

'
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VI. NITACHMENTS

1. Rosemount Letter from T. Layer (Rosemount) to B. Rancourt (UECo),
November 13,199f, "Model 353C and 353CI Performance Specs"

-

2. Rosemount Letter from T. Layer (Rosemount) to B. Rancourt (BECo),
August 8,19S9,"Rosemount Nuclear Specifications"

3. BECo Nedorandum N AD #91-78, November 13,1991 "Ar alytical Limit
for Reactor Water Level Low-Iow Setpoint"

4. BFCo Nedorandum FS&MC 91-176, October II,1991 " Reactor Vessel

Thermal Growth Effect on Reactor Instrumentation"

5. Record of Conversation from W. Hill (ABB Impell) to J. Sanderstrom
(Rosemount) dated 1/20/93, "Rosemount 710DU Slave Trip Unit
Repeatability"

6. Results from ABB Impell's Statistical Analysis of VISIrecords (As-
found/As-lef t Data) to calculate 95%/95% Probability and Confidence
IEvels for Reactor Water LevelInstrumentation. Done on Microsoft
Excel Software.

7. Results from ABB Impell's Graphical Statistical Analysis, including
histograms and scatter plots, using SYSTAT software.

.

-:.

|

|

1
!

|

Setpoint Calculation

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

mo m. 25-226 PAGE' wh wo TFD MIe JL ED ED "
#55555 cate no. or ,
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I Nover.ber 13, 1991

C uc. 15- In- coes
Mr. Bruce Rancourt k T1. h,

Boston Edison Co.
Pilgrim Generating Stati'en P I of I

.

Edison Accccs Road |
Plymouth, MA 02360

Re: Model 353C and 353C'1 Performance Specifications

Dear Mr. Rancourt, '

:
Per our discussion, the following information stnLFizes the
performance specifications for the Model 353C and 353C1
Conduit Seal over normal,i operating temperature ranges.

I

The Model 353C and 353C1: Conduit Seals will not add any
performance degradation to the pressure transmitter
perfor=ance over the des [PJf.gn temperature range of 40 to 220Degree F. and up to 100%, Please note; the pressure
transmitter design tenperature range is 40 to 200 Degree F
er.d up to 100% RH for norual operation.

The application at BECO htilizes a 1153 Series B Transmitter
with the Model 353C Conduit Seal where a 212 Degree F HELB
is possible. The conduit Seal vill add no additional
performance degradation when exposed to this condition.

The above statement ic v' lid based on the Insulationa
Resistanco (IR) measurements expected at these temperaturee

ranges. The measure IR for the conduit seal at the
temperature range of 40 to 220 Degree F vith 0-100% RH vill
not change enough for any measurable performance
degradation. ;

For tenperatures above the design tenperature of 220 Degree
F. one should use the 420 Degree F. LOCA Specification for

the Model 353C conduit S| cal referenced in the Qualification
Report D8300152.

Sincercly,

~ f
Timothy J. Layer
Marketing Engineer .

Rosemount Nuclear Products

TJL

i
|

|
i

D-Bat |
i
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ROSEMOUNT INC. C ALC. 25 34.Cooq
120011cchnology Drive

.

Eden Prairic MN 55344 U S A b . 2,
1612) 941-5560
TWr. 4310012 or 4310C24 P i of I
F AX (612) 878-3088

Rosemount~
August 9, 1989

Boston Edison Co.
Pilgrim Generating Station
Edison Access Road
Plymouth, MA 02350

~

Attention: Bruce Rancart
Rosemount Nuclear SpecificationsSubject:

Dear Mr. Rancort,

Rosemount publishes nuclear and performance specifications per
Rosemount Qualification Reports or through testing of large
sampic sizes.

' The nuclear specifications for qualified pressure transmitters
and 710DU Trip / Calibration Systems are based on the applicable
qualification report which itemizes a limited sample size and
have a confidence factor of 2-Sigma.

The performance specifications for the above instrumentation
are based on large sample sizes and have a confidence factor
of 3-Sigma.

Sincerely,

,,

" T .. / .?-,'. -~

Timothy J. Laytr
Applications Zngineer
Rosenount Nuclear Products

TJL:1bc

D-9o
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HEDORANDUM
NAD #91-78

(A)u
T0: S. Dascuota FROM: J. H. Gosnell DATE: November 13. 1991

:
l

Subject: Analytical Limit for Reactor Hater Level Low-Low Setpoint
-.- .

i

Reference: Ltr, L. L. Chi to Jim Gosnell, "PNPS Safety Evaluation for '

Changing the Analytical Limit for Low-Low Reactor Hater Level",
:LLC-55-91, November 12, 1991 ;

,

,

Replies To: N/A
;

*
i

Reply Requested: N/A

Requested Date: N/A ,

Message:

The referenced letter presents GE's assessment of lowering the analytical
The

limit for low-low (L2) reactor water level from -49 inches to -57 inches.
current LOCA analysis (SAFER /GESTR) for PNPS considers an analytical limit of
-56.9 inches. Thus, the analytical limit for this setpoint can be considered

;

-56.9 inches relative to the reference 0 for reactor water level
instrumentation. A final report will be available in 2 weeks time. .

Distribution:
!

D. Richard uugy i

R. Kirven RELEASED ]
P. Antonopoulos

N0Y I N 1991 |

POR US=
c*%c3cy, dotc '

|
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SUBJECT: Pilgrim Nu'eliaf Power' S' tit' ion :

. . ~ . . v. ...: " .. !
*

Safety Eval.uat.ibn"f.o'r.-C.h.ai.1.evegh.ig .the.. A..nalytica. l Lb.it.... ,.. ..

or ow- ow eactor.- a er - .:- ::.. . :... . :
:. . .- ;&- . ::-

- .. ..

.
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.. .. . . |
. ..

.. . '

lee : ;
REFERENCE:

Telephone renversation' betwein fitros' Antonopolis, Jim
..C. ,'... .~.;/.:1. .

-

...

cosne11 and. tarry th1, Neverbe.r.2,1991..' . ' .
. .

-
.

"

. . . * .
. . . ,.u

- . . . ,-- ..

. . ,. , .. ;
.

.

osar Dr. cosnell: .e. , . . . . . . . .

,

.;. .
. . . . .. .... . . . .. . .... . . . . . . . .

.,

. . 1. .".In response to an urgeht rEituest frsa BEco'.'atta'ched is a sumar . . . . .. . . . .e
..;;;-:r |report for the justification for changing the. . analytical limit-fer - . ..

low-lcw water level from its . current .4.9, hches.frpm instrufnent Iero to f.'... . r. !
i

- *.-
.. . ..p.f.:: tc j-57 inches from instrument zero .: . ;. g,,.., - . ;: , ,r - . . . .. . .. .. . ., . . . , . . . . .. . .

. ... .

' J 't., '.e. ."-: iIf you need further assistarke%n .ttats..sub' ject, please call se at
-

. . ..'.: : ?
'

': : .::..-

.. . . : -.. '403-925-3614. . ..: . , . . >

.. . .., ...: . .w >. ....< . . . ..v. . . .
% . .... ::,..:. c. . - :,

..
. . ..~ . . ,y.

. . ' . . . . . . . . " . " , ''..*..-|,
. . . . .

. . . .

Yours truly: . . . ' .
' : " . . - ,

. .
.

.. . . . . , , . . . . . ;,..
.

.. .. . . ; .
~;-

. . . .. . . . . . :
. . . . .

.. . .
.

>
.

. ,
.. . . . . . . .

* *

. ..
- ." : ' , .

_

' ; ' l. '':' .~ ,. . '
L.' L! Chi.. Principal Engineer . '

'

Plant Performance Engineering %. ,.. .,s.u. ,n: .
..

*
;.i.:.:' t*
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SUWARY.EEPORT -f0R 905TIFICATION
-

: ."
TO 1.0WER1HE ANALYTICAL.LIMil

- FOR LOMOW MATER 1EY.EL .. .....
. . .y . , . 0:

FOR FILCRIM' NUCLEAR POWER: STATION ,

.

"

D..RF..A.00 03983) .......
.

, . ,

.

.. ,.
.

.;.. .. ... , m . . ,.. . ,.
. .-~-''

[,. .
TNTRODUCTION . . , ,

, , , ,

This document proYides a.5Umary.cf the" Safety. evaluation performod
" -'

-

to justify lowering the analytical -limit'for the reactor ^ low-icw vater
level signal for Pilgrim liuclear Power Station from its current -49 inches

-

'

to -57 inches from instrument 2 eros. The:: low-l'ow reactor water level is
. ,3

used to provide the following;'s'afety , functions: .~ ..uir.

...
,

InitiationofHPCIandROC.gystees. -
-

a. .~ .n
., ..

.- , , ,
'

'"E
.

b. Initiation of emergency Eiesel . generators,TLPCI and cove spray
systems. . .' .i . . J. : g..- -<

Initiation of MSIV closure and isolation valves f'or.drywell...equipmen.t', k ';~

c. ''

drain. . ..
. ...

- _ . . . ..

Initiation of ADS bypass . tide [' add..cokt".{b?it'e',.for. ADS ,lniti' tion. .' . .ad.

Initiation of recirculatioii,'puppir.ihy.-y.- . .

. .' .- ".e.

The impact of the changes 'Th7tbi.. analytic 11'" limits for"the above '. '" .~

functions for transients. LOCA and;othg.. events are sumarized as ,

, :;.. "
. ..

follows. '
~ ' ** : .!' ~

..
.

,. , . . . . . . .,
. . . , "'" . . ~ . - - %-

EVALUAT10N EESULTS .

'

~ Transient Events - The proposed-change would.not have any adverse .:
a.

impact on the HPCl/RCit initiation on the" reactor low-low water . . , . . ..

level during a transient"eieHC.Thii .ts because the .chre will .

:J'.f.'
HCFR of the fuel'previously"h. aly2cd..for PilgHm;not affect the

'

still be adequately covered..and this changewill
n " The . . . :~~J J

.. ..

recirculation pump trip at low low wat' r level is for equiphent
protection only. Thereforci the riew analytical ~. limit is not '

. f.-
-

.

.
e '"

b~
~

considered as a safety ; impact.-for thit,f Lnct. ion.' . .

.m. . . . . . . . .. . . . . .. .. .

b. t0CA Events - The effect:cf.the.new analytical.. limit for the . low-low
. . . .

.-.

water level was evaluated.in'.NEDC-31852P and.the' analysts"fresults i
''

8

show that the delay in the .ECCS/LOCA rei ated functions', i.e.,

diesel generators, LPCI, core" spray?.MSIVMsolation and ADS- for
-

"

breaks inside primary containment will no.t'have;'any:inpact on pit.nt . ,

;'.
safety. The PCTs for the analyzeg events.are.significantly lower

2-'-- -

~ ;fthan the Appendix X limit'of.2200 Fs
.

,
.?.,
*

..

."

~

'A . ,-d . .,
*

.

z. -

. . . .
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G A s.E M - an -t os q - '!

_

< -

A n- 3 .

. . . ... .

.
- .

..
. . .. y :p. M .T y - s. n a.,. . . . . .

. .

, .,,
. . . . . . . . . . .

. . . . . . . . , .
. .- . . . .

. . . .

.. ~ ,
. . . . . .

. . . . .
,,; jBreaks Outside Primary Conta1.nment ,.for breaks outside Jrimary .c.

containment, the initiation tf the '. ADS, bypass. tim l l . ., . a ;

water level will be required..,.Ihe ,impack.or.the er...on tie ow- ow . .f new analytical . ~.'...i*

limit for the low. low. water..leleksignal.;on.;the,.dasign., basis event .. ; J. .: h,.

foi-the bypass timer, irec,.RWCU ~1tWbrentrouts1de' containment, . ,'c ' -.
,

has been evaluated 'and'fourid'to'liiVe kiiinsig"rifficant lyac~t on the' ' |
''

.

' ". ".x;' '

regulatory requirements,
."t. ice.r.."..f.i.'.sti,l.l va.lfd. .for ne.eting theFCT. The 15 minute byp.a.s.s

.

.. .,..: . ...::.2 - . . - ..
- : .. .. . .

.
.

-
*. . . .

.. . . . . .
- : .

. :... .

- :.

.
:

:..+... ...
s .. . . .

*

Centainment isolation ~funct190s .The change jn the 'aiialyt. teal .ll.q,.
.. )'

. . . . . . .,1 ,r;i. ):. id.
limit for the . ether. containment. ijplathn:;funct.{ons, 5,e., .drywe . fir,-fc ;

' There will not be any.i.ncrease.4n..the.r.adiologica) .rele} ant safety.'. ,;.fequipment drain, will.- not .haxe any':adversu:.1gact '.on p
asde.cause . .. .:f - :

?.. . : :- '

the isolation function .s.~til s.t.131rocc.u.r... wit.h...t..h.F. core" fully.: .m. . : ,
- .: ~. . . . . -- - . - .

. . . .- c .v. -

covered. . . . ~ . .~ -:: ..:. ., ~ ,. . < - : . . - - ..........3,.

.. ,
.

,. . .. .
.. . . . , . .. . ..

J

limit for the low-low reactor.waternlev.'.e' pr..o. osed.'.chan. ge. in.. the analytic..a..l....' ".. .Therefore, it is conclud..e.d.'.tS. .t. th .;

l i .m. .

el vi.1 not have any adverse ie: pact n:1:...,

..:- .; -

.....r .. u. .m.w .

on p,aint safety. . . . . ...,.o.
.

. .,..
. ....

.,.: . .
. . .

. . . ~ , . . . . . . . - . . . . .c,. u .-.u i
.

. .. ' -
. ^.

. . .. .......~ .. . . . . . . . . . . . = ... .o,.r::.
-

.
. .: .

.m.
. . :: .. . . ...

m. .
. .+.i

. . . . . . ..
. . . .

-
,

.

.f .. . .. : . . . . .

4. 4, Chi, Principal , Engineer- - . . . ' ' '
.. . . .

,. ... <.

.....(I I I i
. . .

| - Prepared by: .. . . .
-

. , , . . . . . . . .

. -
-

I.ng~ln. i'rin.g~:.." '.;;' :. :" . '- .. ' ' ' . ' . . ' . ' .... " :.. , .
" ''

PlanCPerfornance: e
. . . ,

, .. . . . . . .

.
. ........u. , . , .. . . . . .. .:...

. . . . . . . . ., . . v. . ..
. .

:::.,.; :. .:: ~ . .. :; . :: : -
. ..

.

.,,,.......:... . . ... :.:.. . - ~-- : : . - .
-

. . . .

~ ::,.:p.
| .-

.
. ... ,.
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- .
.
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.
. . .
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|- . Verified by: . . 7 A 7 ..:. - . .: '.
vt .. - . . . . . . . .

-
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.,- .

...-.m.'."...K. F aynsht'o tni .Eng in.e..e.r. c.ec. ".,.. . ../.,~~.. .
. ..

.

.
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Record of Conversation .

t

E I' 22 IFile.
i

Copy;8.LoxSt+/d

i

K Telephone O Meeting O Other -

Jane Sanderstrom Warren Hill (ABB Impell) g p
;

Rosemount Prene No_(612.) ' 828-328 6 ifate:/9320
Company: ,

.

Rosemount 710DU Slave Trip Unit Repeatability
3 .

-

!Surnmary of Conversatiort

Jane Sanderstrom provided the following clarification for the slave j

-trip unit output repeatability formula provided in-BECo Vendor Manual ,

IV-0243, Table 8 (Rosemount Instruction Manual 4471-1).
.

Per Table 8, the formula for slave trip unit repeatability is: ,

0 0 0
Repeatability = 0.20%(60 to 90 F) 0.35%/100 F

;

The slave trip unit value includes the effect of the master trip unit, 1

because the test signal passes through the normal master / slave trip '

unit signal processing configuration. Therefore, these values are used
for the slave units, and no additional term for the master trip unit 6

is required. ;
.
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LIS72A3.XLS
LIS263-72A 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 1 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "1" INT REMARKS "D" "l" "D" | "l" "D" | "l"7/2/87 AS FOUND N/A INITIAL CAllBRATION

AS LEFT 4.62 |
9/5/87 AS FOUND N/A 65 NO DATA

AS LEFT N/A
9/9/87 AS FOUND 4.64

- |
4

AS LEFT 4.64
10/10/87 AS FOUND 4.64 37

AS LEFT 4.64
11/18/87 AS FOUND 4.65 139 0.1875 % OUTLIER OUTLIERAS LEFT 4.65
11/30/87 AS FOUND 4.64 12

AS LEFT 4.64
1/3/88 AS FOUND 4.65 116 0.0625% 0.0625% 0.0625%AS LEFT 4.65
2/2/88 AS FOUND 4.65 109 0.0625 % 0.0625 % 0.0625%Y AS LEFT 4.65

g 2/29/88 AS FOUND 4.64 103 -0.0625% -0.0625 % -0.0625%AS LEFT 4.64
4/4/88 AS FOUND 4.64 126 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
5/3/88 AS FOUND 4.65 121 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.65
6/1/88 AS FOUND 4.65 120 0.0000 % 0.0000% 0.0000 %AS LEFT 4.65

8/18/88 AS FOUND 4.64 107 -0.0625 % 0.0625 % -0.0625 %AS LEFT 4.64
9/22/88 AS FOUND 4.66 113 0.0625% 0.0625 % 0.0625%AS LEFT 4.66 ,
10/21/88 AS FOUND 4.65 29

AS LEFT 4.65
11/23/88 AS FOUND 4.65 33

AS LEFT 4.65
12/23/88 AS FOUND 4.63 127 -0.0625% -0.0625% -0.0625 %AS LEFT 4.63
1/22/89 AS FOUND 4.65 122 -0.0625 % -0.0625 % -0.0625%

fC/fW6h 'I Y'
. CALC. #25-226-C004 REV. O ATTACHMENT #G

" * "'
_ _ _ _ _ _ _ : " ~ ~ ~- ~



LIS72A3.XLS
LIS263 72A 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 2 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" j "1" INT REMARKS "D" "I" *D" "l" "D" "i"AS LEFT 4.65

2/23/89 AS FOUND 4.64 125 -0.0625% -0.0625% -0.0625 %AS LEFT 4.64
3/26/89 AS FOUND 4.64 123 -0.0625 % -0.0625% -0.0625%AS LEFT 4.64
5/1/89 AS FOUND 4.64 129 0.0625% 0.0625% 0.0625%AS LEFT 4.64

5/29/89 AS FOUND 4.64 127 -0.0625'6 -0.0625% -0.0625%AS LEFT 4.64
7/3/89 AS FOUND 4.64 130 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
8/4/89 AS FOUND 4.64 131 0.0000 % 0.0000 % 0.0000%AS LEFT 4.64

8/31/89 AS FOUND 4.64 122 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
5) 10/4/89 AS FOUND 4.65 128 0.0625 % 0.0625% 0.0625%g AS LEFT 4.65

10/31/89 AS FOUND 4.64 120 0.0000 % 0.0000 % 0.0000 %

-

AS LEFT 4.64
12/4/89 AS FOUND 4.65 122 0.0025 % 0.0625% 0.0625%AS LEFT 4.65

y1/1/90 AS FOUND 4.65 123 0.0625 % 0.0025 % 0.0625 %AS LEFT 4.65
2/2/90 AS FOUND 4.64 121 -0.0625 % -0.0625 % 0.0625 %AS LEFT 4.64
3/6/90 AS FOUND 4.65 120 0.0625 % 0.0625 % 0.0625%AS LEFT 4.65

3/29/90 AS FOUND 4.65 115 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.65 '

4/30/90 AS FOUND 4.65 119 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.65 -

5/30/90 AS FOUND 4.65 117 0.0625% 0.0625% 0.0625%AS LEFT 4.65
6/28/90 AS FOUND 4.65 114 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.65

CALC. #25-226-C004 REV. O ATTACHMENT #6MICROSOFT EXCEL VERSION 4.0
PAGE 2 OF 16

._ _ ____ ___ - ___ _ _ _ . . . .- -. . - - - . - -- . - - - . -



LIS72A3.XLS LIS263-72A 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93
PAGE 3 OF 4

DATA CAL.CATA F RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.
DATE STATUS "D" | "l" INT REMARKS "D" "1" "D" "I" *D" | "l"

7/26/90 AS FOUND 4.65 119 0.0000 % 0.0000 % 0.0000 %
AS LEFT 4.65

9/1/90 AS FOUND 4.65 124 0.0000% 0.0000 % 0.0000 %
AS LEFT 4.65

|
10/2/90 AS FOUND 4.64 125 -0.0625% -0.0625 % -0.0625 %

AS LEFT 4.64
11/1/90 AS FOUND 4.65 126 0.0000 % 0.0000 % 0.0000 %

'

AS LEFT 4.65
12/5/90 AS FOUND 4.64 132 -0.0625 % -0.0625 % -0.0625 %

AS LEFT 4.64
1/4/91 AS FOUND 4.64 125 -0.0625% -0.0625% -0.0625 %

AS LEFT 4.64
2/6/91 AS FOUND 4.65 127 0.0625 % 0.0625% 0.0625 %

AS LEFT 4.65
3/12/91 AS FOUND 4.64 131 0.0625 % 0.0625 % -0.0625 %Y AS LEFT 4.64

5 4/11/91 AS FOUND 4.64 127 0.0000 % 0.0000 % 0.0000 %# AS LEFT 4.64
5/18/91 AS FOUND 4.64 134 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
3/18/91 AS FOUND 4.64 132 -0.0625 % '-0.0625 % -0.0625%

AS LEFT 4.64
7/24/91 AS FOUND 4.64 134 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
8/25/91 AS FOUND 4.64 136 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
9/13/91 AS FOUND 4.64 118 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
10/17/91 AS FOUND 4.65 121 0.0625% 0.0625% 0.0625%

AS LEFT 4.65
11/25/91 AS FOUND 4.64 124 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
12/10/91 AS FOUND 4.65 107 0.0625 % 0.0625% 0.0625 %

AS LEFT 4.65
1/14/92 AS FOUND 4.66 123 0.1250 % 0.1250 % 0.1250 %

CALC. #25-226-C004 REV. O ATTACHMENT #6
MICROSOFT EXCEL VERSION 4.0

PAGE 3 OF 16
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LIS72A3.XLS LIS263-72A 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93
PAGE 4 OF 4

DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" T INT REMARKS "D" "l" "O" | "r "D" | "I'
AS LEFT 4.60

1/23/92 AS FOUND 4.65L 9
AS LEFT 4.65 .

2/25/92 AS FOUND 4.64 131 -0.0625 % -0.0625 % -0.0625 %,

AS LEFT 4.64
3/25/92 AS FOUND 4.64 121 0.0000 % 0.0000% 0.0000 %iAS LEFT 4.64
4/29/92 AS FOUND 4.65 141 0.0000 % 0.0000% 0.0000 %AS LEFT 4.65
5/28/92 AS FOUND 4.64 135 -0.1250 % -0.1250 % -0.1250 %

AS LEFT 4.64
6/19/92 AS FOUND 4.64 115 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
7/22/92 AS FOUND 4.65 119 0.0625 % 0.0625 % 0.0625 %e AS LEFT 4.65

'

8/20/92 AS FOUND 4.64 113 -0.0625 % -0.0625 % -0.0625%y AS LEFT 4.64

AVERAGE 0.0012 % -0.0024 % -0.0024 %
STD DEV. 0.0581 % 0.0525% 0.0525 %
COUNT 53 52 52
% OF ORIGINAL DATA POINTS 98% 98%
95%/95% TOL. INT. AS % CS 0.13% 0.13 %

| BIAS FLAG NO BIAS NO BIAS

'
,

.

a

CALC. #25-220-C004 REV. O ATTACHMENT #6MICROSOFT EXCEL VERSION 4.0
PAGE 4 OF 16
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LIS72B3 XLS LIS263-728120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93
PAGE 1 OF 4

DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM 2ND OUT. SUM.
DATE STATUS "D" "l'' INT REMARKS "D" "i" "D" "1" 'D" | "1"
7/6/P.7 AS FOUND N/A INITIAL CAllBRATION

AS LEFT 4.62
9/6/87 ASFOUND N/A 62 NO DATA

AS LEFT N/A
}9/11/87 AS FOUND 4.64 67 '

AS LEFT 4.64
10/20/87 ASFOUND 4.64 39

AS LEFT 4.64
11/19/87 AS FOUND 4.64 136 0.1250 % 0.1250 % 0.1250 %AS LEFT 4.64
12/14/87 AS FOUND 4.64 25

AS LEFT 4.64
1/4/88 AS FOUND 4.64 115 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
2/4/88 AS FOUND 4.64 107 0.0000 % 0.0000 % 0.0000 %d AS LEFT 4.64

', 3/6/83 AS FOUND 4.65 108 0.0625 % 0.0625 % 0.0625%j AS LEFT 4.65
4/6/88 AS FOUND 4.64 114 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
5/5/88 AS FOUND 4.65 122 0.0625% |0.0625% 0.0625%AS LEFT 4.65
6/8/88 AS FOUND 4.64 125 0.0000% 0.0000 % 0.0000 %AS LEFT 4.04

7/20/88 AS FOUND N/A 42 NO DATA
AS LEFT N/A

8/8/88 AS FOUND 4.64 124 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
,

9/7/88 AS FOUND 4.64 125 -0.0625% -0.0625 % -00625%AS LEFT 4.64
10/16/88 AS FOUND 4.64 130 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
11/17/88 AS FOUND 4.64 32

AS LEFT 4.64
12/16/88 AS FOUND 4.64 130 0.0000 % 0.0000 % 0.0000 %

ppgr4RCh 6Y: / O
CALC. #25-226-C004 REV. O ATTACHMENT #6MICROSOFT EXCEL VERSION 4.0 gg,]g gg PAGE S OF 16
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LIS7283.XLS
LIS263-72B 120 DAY DRIFT DATA (SLIDING FILTER) '

1/6/93
PAGE 2 OF 4

DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "l" INT REMARKS "D" "t" "D" "I" *D" "t"AS LEFT 4.64
1/14/89 AS FOUND 4.64 129 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
2/14/89 AS FOUND 4.65 121 0.0625 % 0.0625 % 0.0625%AS LEFT 4.65 ;

3/14/89 AS FOUND 4.64 117 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
4/22/89 AS FOUND 4.64 127 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
5/24/89 AS FOUND 4.64 130 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64
6/21/89 AS FOUND 4.63 127 -0.1250% -0.1250 % -0.1250 %AS LEFT 4.63
7/24/89 AS FOUND 4.64 132 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64

o 8/28/89 AS FOUND 4.64 128 0.0000 % 0.0000 % 0.0000 %.1- AS LEFT 4.64
0 9/29/89 ASFOUND 4.64 128 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

10/17/89 AS FOUND 4.64 118 0.0625 % , 0.0625 % 0.0625%AS LEFT 4.64
i

11/21/89 AS FOUND 4.65 120 0.0625 % 0.0625 % 0.0625 %AS LEFT 4.65
1/23/90 ASFOUND 4.64 148 0.0000 % 0.0000 % 0.0000%AS LEFT 4.64
3/24/90 AS FOUND 4.64 123 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.64
5/25/90 AS FOUND 4.64 122 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
6/27/90 AS FOUND 4.64 33

AS LEFT 4.64
7/26/90 AS FOUND 4.64 124 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
2/4/91 AS FOUND 4.64 193 0.0000 % 0.0000 % 0.0000 %AS LEFT. 4.64

MICROSOFT EXCEL VERSION 4.0 CALC. #25-226-C004 REV. O ATTACHMENT #6
PAGE 6 OF 16
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LIS7283.XLS
LIS263-72B 120 0AY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 3 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "r INT REMARKS "D" "l" "D' "l" "D" "l"3/7/91 AS FOUND 4.65 31

AS LEFT 4.65
4/9/91 AS FOUND 4.63 33

.

AS LEFT 4.63
5/8/91 AS FOUND 4.63 29 '

AS LEFT 4.63
6/17/91 AS FOUND 4.63 133 -0.0625% 0.0625% -0.0625%AS LEFT 4.63 .

7/24/91 AS FOUND 4.63 139 -0.1250 % -0.1250% -0.1250%AS LEFT 4.63
8/25/91 AS FOUND 4.64 138 0.0625 % 0.0625 % 0.0625%AS LEFT 4.64
9/23/91 AS FOUND 4.63 138 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
10/24/91 AS FOUND 4.63 129 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63

T 11/29/91 AS FOUND 4.64 128 0.0625 % 0.0625 % 0.0625%g AS LEFT 4.64
8' 12/20/91 AS FOUND 4.64 117 0.0000 % 0.0000 % 0.0000%AS LEFT 4.04

1/23/92 AS FOUND 4.63 122 0.0000 % y0.0000% 0.0000%AS LEFT 4.63
2/28/92 AS FOUND 4.64 127 0.0625 % 0.0625% 0.0625%AS LEFT 4.64
3/27/92 AS FOUND 4.63 119 -0.0625 % -0.0625 % 0.0625%AS LEFT 4.63
4/30/92 AS FOUND 4.64 132 0.0000% 0.0000 % 0.0000%AS LEFT 4.64
6/3/92 AS FOUND 4.64 132 0.0625 % O.0625 % 0.0625%

'

AS LEFT 4.64
6/24/92 AS FOUND 4.64 117 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
7/20/92 AS FOUND 4.64 115 0.0625 % 0.0025 % 0.0625%AS LEFT 4.64
8/20/92 AS FOUND 4.63 112 -0.0625 % -0.0625% -0.0625%

CALC. #25-226-C004 REV. O ATTACHMENT #6MICROSOFT EXCEL VERSION 4.0
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LIS7283.XLS
LIS263-72B 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 4 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "I" INT REMARKS 'D' *l' 'D" "l* "D" "l*AS LEFT ' 4.63

9/22/92 AS FOUND 4.63 111 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.63
10/20/92 ASFOUND 4.63 118 4 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.63

:

AVERAGE 0.0014 % 0.0014 % 0.0014 %
.

STD DEV. 0.0513 % 0.0513 % 0.0513 %
COUNT 44 44 44
% OF ORIGINAL DATA POINTS 100 % 100%
95%/95% TOL. INT. AS % CS 0.13 % 0.13%
BIAS FLAG NO BfASi NO BIAS

d

h
:

f

.

I
> .

.

MICROSOFT EXCEL VERSION 4.0 A ACW.iENT #6
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LIS72C3.XLS
LIS263-72C 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 1 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "1" INT REMARKS *D" "1" "D' "l" "D* | "r-

7/2/87 AS FOUND N/A INITIAL CAllBRATION
AS LEFT 4.65

9/5/87 AS FOUND N/A 65 NO DATA
AS LEFT N/A

9/9/87 AS FOUND 4.64 69
iAS LEFT 4.64

10/17/87 AS FOUND 4.63 38
AS LEFT 4.63 '

11/18/87 AS FOUND 4.64 139 -0.0625 % -0.0625% -0.0625 %AS LEFT 4.64
12/1/87 AS FOUND 4.63 13

AS LEFT 4.63
1/3/88 AS FOUND 4.64 116 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
2/2/88 AS FOUND 4.65 108 0.1250 % 0.1250 % 0.1250 %AS LEFT 4.65

d 3/1/88 AS FOUND 4.64 104 _0.0000 % 0.0000 % 0.0000 %'

AS LEFT 4.64,,

y 4/4/88 AS FOUND 4.64 125 0.0625 % 0.0625 % 0.0625%AS LEFT 4.64
5/3/88 AS FOUND 4.65 121 0.0625% !0.0025% 0.0625%AS LEFT 4.65
6/1/88 AS FOUND 4.63 120 -0.1250 % -0.1250 % 0.1250 %AS LEFT 4.63

8/18/88 AS FOUND 4.64 136 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
9/22/88 AS FOUND 4.65 142 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.65

'

10/21/88 AS FOUND 4.64 142 0.0625% 0.0625% 0.0625%AS LEFT 4.64
11/23/88 ASFOUND 4.64 33

AS LEFT 4,64

12/23/88 AS FOUND 4.63 127 -0.0625 % -0.0625% -0.0625 %AS LEFT 4.63
1/22/89 AS FOUND 4.65 122 0.0000 % 0.0000 % 0.0000 %

(g(ASFCD 6)';
CALC. #25-226-C004 REV. O ATTACHMENT #6MICROSOFT EXCEL VERSION 4.0 -
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LIS72C3.XLS
LIS263-72C 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 2 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "l" INT REMARKS "D" "I' 'D' "l* "D' "I'AS LEFT 4.65

2/23/89 AS FOUND 4.64 125 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
3/26/89 AS FOUND 4.64 123 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
5/;/89 AS FOUND 4.64 129 0.0625 % 0.0625 % 0.0625%AS LEFT 4.64

5/29/89 AS FOUND 4.63 '. 127 0.1250 % -0.1250 % -0.1250%AS LEFT 4.63
7/3/89 AS FOUND 4.64 130 0.0000 % 0.0000 % 0.0000%AS LEFT 4.64
8/4/89 AS FOUND 4.64 131 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64

8/31/89 AS FOUND 4.64 122 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
10/4/89 AS FOUND 4.64 128 0.0625 % 0.0625% 0.0625%AS LEFT 4.64

Y 10/31/89 AS FOUND 4.64 120 0.0000 % 0.0000 % 0.0000 %g AS LEFT 4.64
D 12/4/89 AS FOUND 4.64 122 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

)1/1/90 AS FOUND 4.64 123 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64
2/2/90 ASFOUND 4.64 121 0.0000 % 0.0000% 0.0000%AS LEFT 4.64
3/6/90 AS FOUND 4.64 126 0.0000 % 0.0000% 0.0000%AS LEFT 4.64

3/29/90 AS FOUND 4.64 115 0.0000% 0.0000% 0.0000 %AS LEFT 4.64 '
'

4/30/90 AS FOUND 4.64 119 0.0000 % 0.0000 % 0.0000%AS LEFT 4.04 -

5/30/90 AS FOUND 4.64 117 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64
6/28/90 AS FOUND 4.64 114 0.0000 % 0.0000% 0.0000 %AS LEFT 4.64

MICROSOFT EXCEL VERSION 4.0 CALC. #25-226-C004 REV. O ATTACHMENT #6
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LIS72C3.XLS
LIS263-72C 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/03

PAGE 3 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "l" INT REMARKS "D" *l" "D" "I" "O" "l"7/26/90 AS FOUND 4.64 119 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

9/1/90 ASFOUND 4.64 124 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
10/2/90 AS FOUND 4.63 125 0.0625 % -0.0625 % -0.0625 %AS LEFT 4.63
11/1/90 AS FOUND 4.64 126 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64 '

12/5/90 AS FOUND 4.63 132 -0.0625 % -0.0625% -0.0625%AS LEFT 4.63
1/4/91 AS FOUND 4.63 125 -0.0625 % -0.0625 % -0.0625%AS LEFT 4.63
2/6/91 AS FOUND 4.64 127 0.0625 % 0.0625% 0.0625%AS LEFT 4.64

3/12/91 ASFOUND 4.63 131 -0.0625 % -0.0625 % -0.0625%AS LEFT 4.63
4/11/91 AS FOUND 4.63 127 0.0000 % 0.0000 % 0.0000 %

d
; AS LEFT 4.63 ,

6 5/18/91 AS FOUND 4.63 134 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
6/10/91 AS FOUND 4.64 130 0.0000 % |0.0000% 0.0000%AS LEFT 4.64
7/24/91 AS FOUND 4.63 134 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
8/25/91 AS FOUND 4.63 136 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
9/13/91 AS FOUND 4.63 118 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63

,

10/17/91 AS FOUND 4.63 123 -0.0625% -0.0625 % -0.0625 %AS LEFT 4.63
11/25/91 AS FOUND 4.64 124 0.0625 % 0.0625 % 0.0625%AS LEFT 4.64
12/10/91 AS FOUND 4.64 107 0.0625 % 0.0625 % 0.0625 %AS LEFT 4.64
1/14/92 AS FOUND 4.65 123 0.1250% 0.1250 % 0.1250 %

CALC, #25 226-C004 REV. O ATTACHMENT *GMICROSOFT EXCEL VERSION 4.0
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LIS72C3.XLS
LIS263-72C 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 4 OF 4
DATA CAL DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" T INT REMARKS "D" "1" "D" "l" *D" TAS LEFT 4.65

1/23/92 AS FOUND 4.64 9
AS LEFT 4.64

2/24/92 AS FOUND 4.63 130 0.0000% 0.0000 % 0.0000 %AS LEFT 4.63 *

3/25/92 AS FOUND 4.64 121 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
4/29/92 AS FOUND 4.64 141 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
5/28/92 AS FOUND 4.64 135 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.64
6/19/92 AS FOUND 4.64 116 0.0625% 0.0625% 0.0625 %AS LEFT 4.64
7/22/92 AS FOUND 4.63 119 -0.0625% -0.0625% -0.0625 %AS LEFT 4.63
8/20/92 AS FOUND 4.64 113 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

c)

d AVERAGE 0.0000 % 0.0000 % 0.0000 %-

STD DEV. 0.0501 % 0.0501 % 0.0501 %
COUNT 54 54 54
% OF ORIGINAL DATA POINTS 100% 100%
95%I95% TOL. INT. AS % CS 0.12% 0.12 %
BIAS FLAG NO BIAS NO BtAS

t

CALC. #25-228-C004 REV. O ATTACHMENT #6
MICROSOFT EXCEL VERSION 4.0
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LIS72D3.XLS
LIS263-72D 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 1 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" 1 "1" INT REMARKS *D" "l" "D" "i" "D" "I"

-

7/6/87 AS FOUND N/A INITIAL CAllBRATION
AS LEFT 4.61

9/6/87 AS FOUND N/A 62 NO DATA
AS LEFT N/A

9/11/87 ASFOUND 4.62 67
AS LEFT 4.63

10/21/87 AS FOUND 4.64 40
AS LEFT 4.64 *

11/19/87 AS FOUND 4.64 29
AS LEFT 4.64

12/14/87 AS FOUND 4.64 25
AS LEFT 4.64

1/4/8B AS FOUND 4.64 115 0.0625% 0.0625 % 0.0625 %
AS LEFT 4.64

-2/4/88 AS FOUND 4.64 106 0.0000 % 0.0000 % 0.0000 %
AS LEFT 4.64

3/6/88 AS FOUND 4.63 108 -0.0625% -0.0625 % -0.0625 %
AS LEFT 4.63

4/6/88 AS FOUND 4.63 114 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.63
cp 5/6/88 AS FOUND 4.64 123 0.0000 % |0.0000% 0.0000%i AS LEFT 4.64
U 6/8/88 AS FOUND 4.64 125 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

7/20/88 AS FOUND N/A 42 NO DATA
AS LEFT N/A

8/8/88 AS FOUND 4.64 124 0.0625% 0.0625 % 0.0625 %
AS LEFT 4.64

,

9/7/88 AS FOUND 4.64 124 0.0000 % 0.0000 % 0.0000 % -

AS LEFT 4.64
10/16/88 AS FOUND 4.64 130 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
11/18/88 AS FOUND 4.64 33

AS LEFT 4.64
12/16/88 AS FOUND 4.64 130 0.0000% 0.0000 % 0.0000 %

MEMM 8N
CALC. #25-226-C004 REV. O ATTACHMENT #6m p.g ,wywCROeOFrExCEtvERSiOn4.0 mGE 12 OF 1e_,,
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LIS7203.XLS
LIS263-72D 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 2 OF 4
DATA CAL. DATA RAW DATA SUM, 1ST OUT. SUM. 2ND OUT. SUM.DATE STATUS "D" "t" INT REMARKS "D" "I" "D" "i" "D" "I"AS LEFT 4.64

1/14/89 AS FOUND 4.64 129 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
2/14/89 AS FOUND 4.63 121 -0.0625% -0.0625% -0.0625 %AS LEFT 4.63 /

3/17/89 AS FOUND 4.64 119 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
4/22/89 ASFOUND 4.64 127 0.0000 % 0.0000 % 0.0000 %

*

AS LEFT 4.64
5/24/89 AS FOUND 4.64 130 0.0000 % 0.0000 % 0.0000%

^

AS LEFT 4.64
6/21/89 AS FOUND 4.64 127 0.0625 % 0.0625 % 0.0625%LAS LEFT 4.64

j7/24/89 AS FOUND 4.64 129 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
8/28/89 AS FOUND 4.64 128 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
9/29/89 AS FOUND 4.63 128 -0.0625% -0.0625 % -0.0625 %AS LEFT 4.63
10/18!89 AS FOUND 4.63 119 0.0625 % -0.0625 % -0.0625%Y AS LEFT 4.63

i11/23/89 AS FOUND 4.63 122 -0.0625% -0.0625 % -0.0625 %#
AS LEFT 4.63

12/21/89 AS FOUND 4.64 115 0.0000% 0.0000 % 0.0000 %AS LEFT 4.64
1/23/90 AS FOUND 4.63 116 0.0000% 0.0000 % 0.0000 %AS LEFT 4.63
2/24/90 AS FOUND 4.64 1;29 0.0625 % 0.0625 % 0.0625 %AS LEFT 4.64
3/25/90 AS FOUND 4.63 122 0.0000% 0.0000 % ( 0000 %AS LEFT 4.63 *

4/8/90 AS FOUND N/A 14 NO DATA
AS LEFT N/A

4/25/90 AS FOUND 4.64 125 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64

MICROSOFT EXCEL VERSION 4.0 CALC. #25-226-C004 REV. O ATTACHMENT #G
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LIS72D3.XLS
LIS263-72D 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93

PAGE 3 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND OUT. SUfLDATE STATUS "D" "I" INT REMARKS "D" "l" "D" "i" "D" "I"5/25/90 AS FOUND 4.63 122 0.0000% 0.0000 % 0 0000%AS LEFT 4.63

6/27/90 ASFOUND 4.64 123 0.0000 % 0.0000 % 0.0000%AS LEFT 4.64
3

7/26/90 AS FOUND 4.63 123 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
8/28/90 AS FOUND 4.64 125 0.0000 % 0.0000 % 0.0000%AS LEFT 4.64
9/29/90 AS FOUND 4.63 127 0.0000 % 0.0000 % 0.0000 %AS LtEFT 4.63
10/29/90 AS FOUND 4.63 124 -0.0625 % -0.0625% -0.0625 %AS LEFT 4.63
11/28/90 AS FOUND 4.64 125 0.0625% 0.0625% 0.0625 %AS LEFT 4.64

1/2/91 AS FOUND 4.62 127 -0.1250 % -0.1250% 0.1250 %AS LEFT 4.62
2/4/91 AS FOUND 4.64 128 0.0625 % 0.0625 % 0.0625%AS LEFT 4.64

$ 3/7/91 AS FOUND 4.64 129 0.0625% 0.0625 % 0.0625%J AS LEFT 4.64
.,

4/9/91 AS FOUND 4.63 132 -0.0625 % 0.0625% -0.0625%AS LEFT 4.63
5/8/91 AS FOUND 4.63 126 0.0625 % 0.0625 % 0.0625%AS LEFT 4.63

6/17/91 AS FOUND 4.63 133 -0.0625 % -0.0625% -0.0625%AS LEFT 4.63
7/25/91 AS FOUND 4.62 140 0.1250 % -0.1250 % 0.1250 %AS LEFT 4.62 ,
8/25/91 AS FOUND 4.64 138 0.0625% 0.0625% 0.0625 %AS LEFT 4.64

) 9/23/91 AS FOUND 4.63 138 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
10/24/91 AS FOUND 4.63 129 0.0000 % 0.0000 % 0.0000 %| AS LEFT 4.63

| 11/29/91 AS FOUND 4.63 127 0.0625% 0.0625% 0.0625%

CALC. #25-226-C004 REV. O ATTACHMENT #G -MICROSOFT EXCEL VERSION 4.0
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LIS72D3.XLS
LIS263-72D 120 DAY DRIFT DATA (SLIDING FILTER) 1/6/93 .

PAGE 4 OF 4
DATA CAL. DATA RAW DATA SUM. 1ST OUT. SUM. 2ND CUT. SUM.DATE STATUS "D" *1" INT REMARKS "D" "r "D" "I" "O" "r'

AS LEFT 4.63
12/20/91 ASFOUND 4.64 117 0.0000 % 0.0000 % 0.0000 %

AS LEFT 4.64
1/23/92 AS FOUND 4.63 122 0.0000 % 0.0000 % 0.0000 %i

AS LEFT 4.63
2/28/92 AS FOUND 4.64 127 0.0625% 0.0625 % 0.0625 %AS LEFT 4.64
3/27/92 AS FOUND 4.03 119 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
4/30/92 AS FOUND 4.63 132 -0.0625 % -0.0625 % -0.0625 %AS LEFT 4.63
6/3/92 AS FOUND 4.63 132 0.0000 % 0.0000 % ' O.0000 %AS LEFT 4.63

6/24/92 AS FOUND 4.64 117 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.64
7/20/92 AS FOUND 4.63 115 0.0000 % 0.0000 % 0.0000 %AS LEFT 4.63
8/21/92 AS FOUND 4.63 113 0.0000 % 0.0000 % 0.0000%q AS LEFT 4.63

J 9/22/92 AS FOUND 4.63 111 0.0000% 0.0000 % 0.0000 %6, AS LEFT 4.63
f

10/20/92 AS FOUND 4.63 118 -0.0625 % -0.0625 % 0.0625 %AS LEFT 4.63

AVERAGE -0.0045% -0.0045% -0.0045 %
,

, STD DEV. 0.0464 % 0.0464 % 0.0464 %
COUNT 55 55 55

-

% OF ORIGINAL DATA POINTS 100% 100 %
95%/95% TOL. INT. AS % CS 0.11 % 0.11 % i
BIAS FLAG NO BIAS NO BIAS !

,

CALC. #25-226-C004 REV. O ATTACHMENT #6.

MICROSOFT EXCEL VERSION 4.0
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SYSTAT VERSION 5.01 CALC. #25-226-COO 4'REV. O ATTACHMENT $7
'

PAGE 1 OF 16-
LIS263-72A

,

j

THU 1/14/93 11:37:15 AM C:\SYSTATWS\BEC01ST\LIS72A3.SYS '

.JCESSING C : \SYSTATW5\CMD1ST\C004 . CMD
,

TOTAL OBSERVATIONS: 52
I

DRIFT

i
N OF CASES 52
MINIMUM -0.1250 *

MAXIMUM 0.1250
MEAN -0.0024
STANDARD DEV 0.0525 !

SKEWNESS (G1) 0.0719
^

KURTOSIS (G2) -0.5818

THU 1/14/93 11:37:18 AM C:\SYSTATW5\BEC01ST\LIS72A3.SYS '

PROCESSING C : \SYSTATW5 \CMDIST\C004 . CMD -

.

-

r

DEP VAR: DRIFT N: 52 MULTIPLE R: 0.193 SQUARED MULTIPLE R: 0.037
ADJUSTED SQUARED MULTIPLE R: .018 STANDARD ERROR OF ESTIMATE: 0.0520

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL) .
,0NSTANT 0.1557 0.1140 0.0000 1.3664 0.1779 I.

INT -0.0013 0.0009 -0.1929 1.0000 -1.3903 0.1706-

ANALYSIS OF VARIANCE '

..

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P |
t

REGRESSION- 0.0052 1 0.0052 1.9329 0.1706RESIDUAL 0.1351 50 0.0027
_

,

.
-

g {f*Af'tY $Y: -

Q W. \ AzSM
'
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SYSTAT VERSION 5.01 CALC. #25-226-COO 4 REV. O ATTACHMENT #7
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LIS263-72B

THU 1/14/93 11:41:48 AM C:\SYSTATW5\BEC01ST\LIS72B3.SYS
ritOCESSING C:\SYSTATW5\G D1ST\C004.CMD

TOTAL OBSERVATIONS: 44 *

i

DRIFT

N OF CASES 44 I

MINIMUM -0.1250
MAXIMUM O.1250

,

MEAN 0.0014
STANDARD DEV 0.0513

>

SKEWNESS (G1) -0.2967 -

KURTOSIS (G2) O.4346

i

THU 1/14/93 11:41:51 AM C:\SYSTATW5\BECO1ST\LIS72B3.SYS
PROCESSING C:\SYSTATW5\CMDIST\C004.CMD

~

'

DEP VAR: DRIFT N: 44 MULTIPLE R: O.004 SQUARED MULTIPLE R: O.000
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.0519

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL) '

,

CONSTANT -0.0005 0.0745 0.0000 -0.0062 0.9951'.

INT 0.0000 0.0006 0.0039 1.0000 0.0254 0.9799

~" ANALYSIS OF VARIANCE '

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
;

REGRESSION- 0.0000 1 0.0000 0.0006 0.9799
RESIDUAL 0.1132 42 0.0027
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LIS263-72C

THU 1/14/93 11:47:00 AM C:\SYSTATW5\BEC01ST\LIS72C3.SYS
!OCESSING C:\SYSTATW5\CMDIST\C004.CMD

TOTAL OBSERVATIONS: 54

DRIFT

N OF CASES 54
MINIMUM -0.1250
MAXIMUM 0.1250
MEAN 0.0000
STANDARD DEV 0.0501
SKEWNESS (G1) 0.0000
KURTOSIS (G2) O.8304 ~ ~ ~

THU 1/14/93 11:47:03 AM C: \SYSTATW5\BEC01ST\LIS72C3.SYS
PROCESSING C:\SYSTATW5\CMDIST\C004.CMD

.

DEP VAR: DRIFT N: 54 MULTIPLE R: 0.194 SQUARED MULTIPLE R: 0.038
ADJUSTED SQUARED MULTIPLE R: .019 SIT.NDARD ERROR OF ESTIMATE: 0.0496

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T' P(2 TAIL)
.ONSTANT 0.1448 0.1017 0.0000 1.4244 0.1603.

INT -0.0012 0.0008 -0.1942 1.0000 -1.4275 0.1594

ANALYSIS OF VARIANCE_,

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

REGRESSION 0.0050 1 0.0050 2.0378 0.1594RESIDUAL 0.1278 52 0.0025
_

_
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LIS263-72D

THU 1/14/93 11:52:16 AM C:\SYSTATWS\BECO1ST\LIS72D3.SYS
ROCESSING C:\SYSTATW5\CMD1ST\C004.CMD

TOTAL OBSERVATIONS: 55

DRIFT

N OF CASES 55
MINIMUM -0.1250
MAXIMUM 0.0625
MEAN -0.0045
STAJDARD DEV 0.0464
SKEWNESS (G1) -0.4349
hvRTOSIS(G2) 0.1339 ^

THU 1/14/93 11:52:18 AM C:\SYSTATWS\BECO1ST\LIS72D3.SYS
PROCESSING C:\SYSTATW5\CMDIST\C004.CMD

.

DEP VAR: DRIFT N: 55 MULTIPLE R: 0.022 SQUARED MULTIPLE R: 0.000
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.0468

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)
JONSTANT -0.0221 0.1103 0.0000 -0.2004 0.8415.

INT 0.0001 0.0009 0.0219 1.0000 0.1595 0.8735
S

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

REGRESSION. 0.0001 1 0.0001 0.0254 0.8739RESIDUAL 0.1160 53 0.0022
_

__ _
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