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INOLLerss
Her sz
Radiation Mcasurements, LLC
May 15, 2001

Rochester Gas and Electric Corporation

89 East Avenue
Rochester, NY 14649-0001

Reference: Purchase Order 4500008671

This is to certify the Qualification Test Report and Data is true and accurate to the best
of my knowledge. In addition, it is further certified that the qualification requirements of
the above referenced Purchase Order have been fulfilled. The Qualification Test Report,
Data and Appendices are intended to substantiate these statements.

s L

David P. Warner
Reliability Engineer

Zisimos
Manager, Quality Assurance
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1.0 Objectives

1.1

1.2

1.3

1.4

1.5

This report shall demonstrate that the Model 955A GM Area Monitor
System is capable of operation prior to, during and after a Design
Basis Event. This object will be accomplished using previously
performed qualifications type tests on identical and equivalent
equipment specimens.

This report shall demonstrate that the Model 855A GM Area Monitor
System meets the contract specified environmental requirements.
For the 956A-201 , previous qualification type tests will be used. in
the case of the 897A-210 detector, temperature and humidity
requirements exceed levels tested in prior qualification reports for
this device. To meet these requirements, type testing will be
performed on two of the three detectors to be supplied under the

contract.

This report shall demonstrate that the Model 955A GM Area Monitor
System meets the contract specified Electromagnetic Compliance in
accordance with EPRI TR-102323-R1. This will be accomplished by
type testing actual and equivalent equipment specimens.

To demonstrate that the combined 955A radiation rate dependency
and energy dependency are within + 20% of actual dose over the
nominal rate range of the detector ( 0.01 — 1000 mR/h ) from 80 keV"
to 1.5. Determination of low energy response shall be provided

using X-ray techniques while upper energy response shall be
determined using Cs-137 and Co-60. All X-ray and solid source’

techniques shall be NIST traceable.

To demonstrate stability of the detectors , ascending and
descending plateaus shall be performed on all detectors to be
supplied. In addition, repeated fixed voltage count rate tests shall be

performed on all detectors.
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1.0 Customer Requirements
1.1 Seismic

The following six pages contain the Operating Basis Event and Safe
Shut-Down Event seismic response spectra for elevation 289’ of the
Ginna Nuclear Power Station Control Building. ’

1.2 AC Power Supply

e~ 420 VAC-+-10%

1.3 Environmental

1.3.1 Control Room

104° F maximum, O PSIG, 60% RH , negligible background
radiation.

1.3.2 Intake Duct

-10° F to 122°F, O PSIG, 0 — 100% RH

1.4 Electromagnetic Interference

EPRI TR-102323-R1 : Guidelines for Electromagnetic Interference Testing
in Power Plants :

1.5 Radiation Monitor Range

Gamma Radiation from 1.0E-2 mR/h to 1E3 mR/h over an energy range of
80 keV to 1500 keV
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CINNA NUCLEAR POWER STATION UNIT NO. 1
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GINNA NUCLEAR POWER STATION UNIT NO. 1
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Section 4 Page 1 of 2

1.0 Standards

The following Specification and Purchase Order apply to this report :

Rochester Gas & Electric Corporation Specification PCR 99- 004,
EE-171 Revision 1, dated 2/25/00

Rochester Gas & Electric Corporation Purchase Order
4500008671 , Revision 4, 1/30/01

The preceding Specification and Purchase Order list the following
Guidelines and Standards as requirements :

American National Standards Institute

ANSI N45.2.2 , 1972 : “Packing, Shipping, Receiving, Storage and
Handling of ltems for Nuclear Power Plants”

ANSI N42.3, 1969 : “ANSVIEEE Standard Test Procedure for  Geiger-
Muller (GM) Counters”™

Institute of Electrical and Electronic Engineers

IEEE 344 — 1975 : “Recommended Practices for Seismic Qualification of
Class 1E Equipment for Nuclear Power Generating Stations”

Additionally the following Regulatory Guide applies :

United States Nuclear Regulatory Commission

Regulatory Guide 1.100 , Revision 1, August 1977 : “Seismic
Qualification of Electric Equipment for Nuclear Power Plants”
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1.0 Identification of Equipment
Equipment qualified under this report are listed below :

1.1.1 956A-201-M1 Universal Digital Ratemeter — modified
1.1.2 897A-210 Low Range Aluminum Housing GM Detector
1.1.3 948B-1-5 Rack Chassis

1.1.4 S157033A2 Surge Suppressor Assembly

Pages 3 through 10 of this section contain the Bills of Material which
provide a detailed description of the equipment listed above.

1.2 The following paragraphs detail differences in equipment to be qualified
under this report as compared to type tested specimens listed in
referenced qualification type tests.

1.2.1 The 956A-201-M1 differs from the 956A-201 specimen qualified

under Seismic Test Report 950.353 in that the K1 auxiliary alarm
relay is utilized as an additional contact set in the —~M1 version. No
mass or assembly changes associated with this modification as this
relay is also installed in the standard 956A-201 unit as a non-

functional “spare”.

The 956A-201-M1 differs from the 956A-200 specimen qualified
under Environmental Test Report 850.360 in that the check source
drive voltage is 15 VDC rather than 120 VAC as was used in the
model 856A-200. The information in paragraph 1.2.1 also applies in
that the K1 relay is not active in the 956A-200 unit. There are no
weight or assembly differences between the 956A-201 and 956A-

200.

_1.2.2 The 897A-210 Detector differs from the 897A-220 specimen

qualified under Seismic Test Report 950.353 in that it utilizes a low
range rather than mid range GM tube. There is no difference mass

or design.
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1.2.3 The S157033A2 Surge Suppressor Assembly consists of sub-
components of the Model 876A-1 High Range Containment Monitor
and the 960PD-100-5 Power Distribution Assembly, a sub-
assembly of the 960WM-203-5 Wall Mount Enclosure. Seismic
Qualification of the Model 876A-1 is detailed in Seismic Test Report
950.352. Qualification of the 960WM-203-5 is detailed in Seismic
Test Report 950.338.




PSO0150R 300 AN300

Product No: 954A-~201-H1
Rev: 001 ECN: GJRB-96
Drawing Number:

Item
No. Product Number

1 956A-201
2 956A-201-M1MS

3 200-135 200-135 B

xxx END OF REPORT xxx

QPADEVOOON

UDR W/AUXILARY HI ALARM OUTPUT

DrawingNo. Siz Description

RATEMETER DIGITAL AREA MONITOR
MODIFICATION SHEET FOR 956A-20
NAME TAG

Inovision Radiation Measurements, LLC
Product Structure

Quantity

1.000 EA PS
1.000 EA
1.000 EA

ECN
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. PSO150R 300 AN300 QPADEVOOON Inovision Radiation Measurements, LLC 3/16/01 7.21.46 PAGE 1
; Product Structure

'

Product No: 956A-201-5 ASSEMBLY, DIGITAL RATEMETER
Rev: 002 ECN: 10CR40-95
Drawing Number:
Item
No. Product Number DrawingNo. Siz Description Quantity ECN Rev Obs Act
1 956A-100-20 ASSY, FRONT PANEL 1.000 EA PS 11CR10-89 2 N Y
2 942A-100-30 ASSY, REAR PANEL 1.000 EA PS 9CR23-93 2 N Y
4 958A-201-55 ASSEMBLY, POWER SuPPLY 1.000 EA PS 3JR4-95 1 N Y
5 956-200-10 , ASSEMBLY, MAIN PC 1E 1.000 EA PS BCRB-99 12 N Y
6 942-200-60 | ASSEMBLY, HIGH VOLTAGE BOARD 1.000 EA PS 1379 2 N Y
7 942A-100-24 | TOP RAIL 2.000 EA 1590 1 N Y
8 942-100-25 | RAIL,BOTTONM 2.000 EA 1590 5 N Y
9 5-53%2 SCREW, MACH, PH, 4-40 X .38, 4.000 EA 1590 N Y
10 5-706 NUT, HEX, 4-40, NY, BO 1.000 EA 1590 N Y
11 5-~186 SCREW, HACH, PH, 4-40 X .31, 8.000 EA 1590 N Y
12 5-83§ ; WASHER, SPLIT, 4, SS 8.000 EA 1590 N Y
13 200-135 | NAME TAG 1.000 EA 1392 N Y
14 5-710 . WASHER, FLAT, 4, NY, BO 1.000 EA 1590 N Y
16 92-9124-A y COUPLER, FEMALE 1.000 EA 1590 3 N . Y
18 50-89 50-89 B | COAXIAL CABLE 1.000 FT PS 1709 4 N Y
Loc: 5" LONG
19 30-91-1 I PIN, COAX 1.000 EA 1590 N Y
20 30-91-2 | FERRULE 1.000 EA 1590 N Y
21 67-83-1pP . ! INSERT, CONNECTOR,M,24~20 WIRE 5.000 EA 1590 3 N Y
22 92-9103-A | CONNECTOR, 4 POSITION, FEMALE 1.000 EA 1590 1 N Y
25 MSB-0072-35 i WIRE, HOOK-UP, 22 AWG, YEL/GRN .001 FT 1590 5 N Y
Loc: 5" LONG
26 MSB-0069 i WIRE, HV, LEAD WIRE, 22, 10K V .001 FT 1200 N Y
Locs 3" LONG
27 36-96-1 TERMINAL, LUG, SOLDER, FEMALE 1.000 EA 1590 N Y
28 MSH-6222 TUBING, 3/16, BLACK 001 FT 1590 1 N Y )
29 67-78-2 67-78-TAB C | CONNECTOR, FEMALE (2 PIN) 1.000 EA 1585 7 N Y @ £)
30 942-100~35A * HARNESS,POWER SUPPLY TO PCB 1.000 EA PS 1590 1 N Y Q E
31 942-100-35B HARNESS,MAIN PCB TO RELAY BOAR 1.000 EA PS 3CR19-90 2 N Y =N =
32 942A-100-35C HARNESS, MAIN PCB/ANALOG 0QUT 1.000 EA PS 9CR5-90 2 N Y gg %?
33 942-100-35D HARNESS ,DETECTOR POWER SUPPLY 1.000 EA PS 1590 2 N Y 0
36 942-100-35E HARNESS 1.000 EA PS 10CR10-94 3 N Y (O]
35 MSB-0072-31 | WIRE, HOOK-UP, 22 AWG, YEL/BLK 001 FT 1590 5 N Y 0
Loc: 5" LONG 3
! 3|
36 MSB-0072-32 WIRE, HOOK-UP, 22 AWG, YEL/BRN .001 FT 1590 5 N Y D
Loc: 5" LONG 00
D O
37 sSM-2202 : SLEEVE, SPIRAL-WRAP .06"-.5"0D 001 FT 1590 N Y %3 ~+
38 942-100-28 OPTION BOARD SUPPORT MOUNT 1.000 EA 9CR34-98 5 N Y 1N ga
39 5-953 SCREW,TYPE 25,#64X.464LG,FH,PHIL 2.000 EA 1590 1 N v o ©
40 5-678 SCREW, HACH, RH, 4-40 X .31 1.000 EA 1590 N Y -+
41 MSH-6228 TUBING, 1/4, BLACK .001 FT 1590 1 N Y -
42 MSB-~0072-2 WIRE, HOOK-UP, 22 AWS, BLACK .001 FT 1590 5 N Y oo,

:
!
i
i
i

¥
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Praduct Structure

1
t

Product No: 956A-201-5 ASSEHBLf DIGITAL RATEMETER
Rev: 002 ECN: 10CR40-95 y
Drawing Number: :
Item |

No. Product Number DrawingNo. Sig Description Quantity ECN Rev Obs Act
43 5-193 : SCREW, MACH, FH, 4-40 X .38, 4.000 EA 1590 N Y

i
]
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Product No: 897A-210

Rev: 003 ECN: 4CR3-96

Drawing Number:

Item
No. Proaduct Number

897A-210-5A
GEL897A-2X0
CAL-GM6
92-7005-9A
92-7005-12A
92-7005-17A
843-6-26
MB95-1008

xxex END OF REPORT xxx

QPADEVQOON

Product Structure

DETECTOR,AREA MON.,GM,ALUM,LOW

DrawingNo. Siz Dascription

PER PRINT D
PER PRINT D

PER DWG

D

DET. MAIN ASSY,AL.HOUS.LOW RNG
DETECTOR, DIHENSIONAL OQUTLINE

897A 6M DET. CALIBRATION PROC.
CLANP

BUSHING

CONNECTOR, FEMALE

WALL SUPPORT, DETECTOR
MAINTENANCE BULLETIN

Quantity

l1.000
.aol
.001
1.000
1.000
1.000
l.000
.001

EA PS

EA
EA
EA
EA
EA
EA

Inovision Radiation Measurements, LLC
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1590
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1587
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9CR34-98
1590
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Product No: B97A-210-5A
ECN: 2CR7-99

Rev:
Drawi

Ttem
No.

O OF Gl 08 O3 NI R NI DN NI R R 1t 1t 3t o et pmd et et 4t it
Sggaumwawu:q;\umwomqmmnumwommqmm;\umw

¥xx END OF REPORT xx#

003
ng Number:
Product Number
GT3

TP897A
857-210-18
857-10-25

897A-211-30
897A-210-10
857-210-20
857-1-18
857-10-22
MSB-0072-2
q46-77
200-135
92-7005-20A
897-110-28
36-3

5-837

5-288

5-280

5-838

5-853
5-1011
MSA-0007
897A-210-13
857-10-7
MSJ-4372
MSH-6221
G0-164
MSB-~0072-16
HSB-0072-3
MSB-0072-15
MSB-~-0072-4
MSB-0069
200-122
200-53
5-712

5-852

DrawingNo.
857-210-18

PER DWG
857-210-20

200-135
PER PRINT

PER PRINT

NONE

200-122

Product Structure

DET. MAIN ASSY,AL.HOUS.LOW RNG

Siz Description

TRAVELER FOR MECHANICAL ASSYS
TEST PROCEDURE

HOUSING PROCESSED

COVER PLATE PROCESSED (SA)
CHECK SOURCE MTG. ASSEMBLY
ASSEMBLY DETECTOR PC BOARD
TUBE & SHIELD ASSEMBLY LOW
HOUSING INSULATOR PAD
SCREW,SEEL,PH 6-32 SLOT .50 SS
WIRE, HOOK-UP, 22 AWG, BLACK
0-RING, 3.4891ID,.07 THK

NAHME TAG

CONNECTOR, 12 PIN, MALE
MOUNTING BLOCK

TERM, LUG, SOLDER, LOCK EYELET
WASHER, SPLIT, 6, SS

SCREW, MACH, PH, 6-32 X .62,
SCREW, MACH, PH, 6-32 X .50,
WASHER, FLAT, 6, SS

NuT: HEX, 6‘321 SS

SCREW, SEEL, PH, 4-40 X .31
SOLDER, CORE, 60/40, .031 DIA
SCHEMATIC DIAGRAM, DETECTOR
GASKET, 2.0 SQ X ,031 THK
CEMENT, CONTACT, FASTBOND 10
TUBING, 1/8, BLK

SPACER, .12, .141D/.250D, RND
WIRE, HOOK-UP, 22 AWG, WHT/GRN
WIRE, HOOK-UP, 22 AWG, RED
WIRE, HOOK-UP, 22 AWG, WHT/RED
WIRE, HOOK-UP, 22 AWG, GREEN
WIRE, HV, LEAD WIRE, 22, 10K V
"WIPE TEST" LABEL

LABEL ,CAUTION

WASHER, FLAT, 6, NY, NAT

NUT, HEX, 6-32, SS, SH

Quantity

1.000
.001
1.000
1.000
1.000
1.000
1.000
1.000
4.000
.001
1.000
1.000
1,000
2.000
1.000
14.000
6.000
4.000
4.000
4.000
2.000
.001
.001
1.000
.001
.001
2.000
.001
.001
.001
.001
.00l
.001
.001
8.000
2.000

PS
pPsS
PS
PS
PsS

ECN

1590
1590
12CR1-98
2CR7-99
4CRB-96
1795
1629
1590
1590
1590
1590
1392
1587
1590
1590
1590
1590
1590
1590
1590
1590
1303
1712
1590
1590
1727
1590
1590
1590
1590
1590
1200
1599
1590
1590
1590

Rev Obs Act

2 N Y
1 N Y
2 N Y
2 N Y
2 N Y
3 N Y
6 N Y
N Y
N Y
5 N Y
3 N Y
5 N Y
8 N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
N Y
2 N Y
2 N Y
2 N Y
N Y
2 Y Y
1 N Y
5 N Y
5 N Y
5 N Y
5 N Y
N Y
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N Y
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N Y
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: . Qualification Report 950.366 l
Section 5 Page 8 of 10

14:58:52 300 VICTOREEN. INC. PAGE 1.{)
TODAY: S,s:i7/9a COMPOMENT BILL OF MATERIAL
PART: 943B-1 DESC: CH&SSIS ASSY, UDR, 2 BAY. 3.5" REV: B
ECN: SCR1B-%4
ITEM
NBR. PART NUMEZS DESCRIPTION QUANTITY ECN
0 94E5-1-5 ASSEMBLY, T 34av CHASSIS 1.000 EA  BM 6JAL-93
1L.oC:
0 tam-ra EXTENDED BACH PANEL SUPPDRT 1.000 En SCR18~94
LOC:

j 2 g A Nev Tl A\
FILE $OPY St T | e

LNC,OATE ABPDATE QAIDATE

“pwmiDATE Tk SATE
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-

18:35:08 300 VICTOREEN. INC. . " PAGE 1 oFL
TODAY: 11-517/92 COMPONEMT BILL OF MATERIAL
PART: 9488-1-5 DESC: ASSEMBLY. 2 BAY CHASSIS REV: A
ECN: 11JR2-92
ITEM
NBR. PART NUMBER DESCRIPTION ] BUANTITY €CN
I 1 94BB-1-3 CHASSIS. 2 BAY. AREA MONITOR 1.000 EA 11IR=2~-92
1.0C:
2 844-7-7 GUIDE 4.000 EA 11IR2-92
l LOC:
3 S-18% SCREW, MACH. FH. 4-40 X .31. 8.000 E4 1 1JR2-92
I LOC:
4 B4b5-1-3Z BRACKET NUT 4,000 ES t1JR2-972
LOC:
I S 94B-~1-& ADJUSTABLE WEDGE 2.000 EA 11JR2-92
LOC:
5 S-261 SCREM. MACH, PH. &6-32 X .25, Z.000 EA t1IR2-92
LOC:
7 S5-837 WASHER., SPLIT. &, SS 2.000 EA 11JR2=-972
I LOC:
g 948-1-3 RACK CHASSIS REAR MOUNT BRACKE 2.000 Ea BM 11JR2-52
LOC:
' 0 5-351 SCREW. MACH. PH, B-32 X .38. 4,000 EA 11IJR2-92
LoC:
I 1) 5-7094a WASHER, SPLIT. 8. SS 3,000 EA 11JR2-973
LIC:
11 S-825 NUT. HE... 2-32, SS 4.000 =4 11JR2-62
I LoC:

B3l Tin | ] in o

!
T ONDATE CHRIDATE | ENGIDATE | AR DATE SADATE




PSO150R 300 AN300 QPADEVOOON Inovision Radiation Measurements, LLC 3/16/01 7.45.37 PAGE 1
Product Structure

Product Nos: S157033A2 FILTER/SURGE SUPPRESSOR ASS'Y
Rev: 001 ECN: 1686
Drawing Number: S157033A2
Item
No. Product Number DrawingNo. Siz Description Quantity ECN Rev Obs Act
1 92-9015-A FILTER POWER LINE 2.000 EA 1590 5 N Y
2 960SS-200 PER BON BM SURGE SUPPRESSOR 2.000 EA PS 1744 3 N Y
3 92-7041-2A 92-7041-2A B 12 POLE BARRIER STRIP WITH 1.000 EA PS 1625 3 N Y
4 92-7044-A FUSE BLOCK,2 POSITION 2.000 EA 1590 1 N Y
5 S157033A21 S157033A21 D  CHASSIS, PROCESSED 1.000 EA 1686 1 N Y
6§ MSB-0071-1 WIRE, HOOK-UP, 18 AWG, WHITE .000 FT 1590 1 N Y
7 MSB-0071-2 WIRE, HOOK-UP, 18 6A, BLACK .000 FT 1590 1 N Y
8 MSB-0071-3 WIRE, HOOK-UP, 18 GA, RED, TFE .000 FT 1590 1 N Y
9 36-84 . TERM, LUG, CRIMP, 22-16, #6-8 28.000 EA 1590 1 N Y
10 19-2 FUSE, 2A 250V, 3A6 4.000 EA 1590 1 N Y
11 57-112 TERMINAL STRIP, 6 POINT 1.000 EA 1590 1 ¥ ¥
12 S157033A-105 PER PRINT C SCHEMATIC, SURGE SUPPRESSOR 1.000 EA 1740 1 N Y
13 5-277 SCREW, MACH, .FH, 6-32 X .44, 4.000 EA 1590 N Y
14 5-304 SCREW, MACH, PH, 6-32 X 1.00, 4.000 EA 1590 N Y
15 5-261 SCREW, MACH, PH, 6-32 X .25, 8.000 EA 1590 N Y
16 5-853 NUT, HEX, 6-32, SS 16.000 EA 1590 N Y
17 39-48 STANDOFF, M/F, 6-32 X .38, HEX 4.000 EA 1590 N Y
18 5-766 WASHER, INT, 6, SS 16.000 EA 1590 N Y
19 14-235 NONE PN FERRITE CUBE 2.000 EA 1686 1 N Y

»xx END OF REPORT xxn
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1.0 Test Results

This section contains the test data required to substantiate that the
objectives set forth in Section 2 have been met.

Seismic Qualification of 955A and S157033A2 Components

Appendix I, Qualification Type Test for Digital RMS Components ,
Report 950.353 details generic testing performed the 956A-201
Ratemeter, 897A-220 Detector and 948B-1 Rack Chassis. Pages 5
through 7 of this section show Ginna Required Response Spectra
for SSE conditions plotted against Tested Response Spectra
envelope from Report 950.353.

Appendix !l , Seismic Qualification Type Test 950.338 for
Containment Atmosphere Monitor ,for the Korea Electric Power
Company’s Kori 1, Kori 2 and Wolsung 1 Units. Report 950.338
details testing performed on the components of the S157033A2
Surge Suppressor Assembly. This report is applicable for all but the
Line Filter ( p/n 92-9015-A ) sub-component of the S157033A2 -
assembly. Pages 8 through 10 of this section show Ginna Required
Response Spectra for SSE conditions plotted against the Tested
Response Spectra envelope from Report 950.338.

Appendix Il , Seismic Qualification Type Test for Analog RMS
Components, Report 950.352 detail generic testing performed on
the Model 876A-1 HRCM Readout Module. This module contains
the Line Filter sub-component (92-9015-A ) of the S157033A2
assembly. Pages 11 through 13 of this section show Ginna Required
Response Spectra for SSE conditions plotted against the Tested
Response Spectra envelope from Report 950.352.

Temperature and Humidity Tests

1.2.1 956A-201-M1 Ratemeter

Appendix IV , Environmental Qualification Report for the Victoreen
Digital Ratemeter , Report 950.360 details generic testing performed
on 956A-200 series ratemetei's. This report substantiates a qualified
temperature range of —2.8° F to 125° F at 90% RH ( non-
condensing ). In addition, Report 950.360 substantiates a qualified
AC input power range of 90VAC/50Hz to 127VAC/63Hz for the
956A-200 series ratemeter.
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1.2.2 897A-210 Detector

The temperature and relative humidity profile that the two specimen
detectors were subjected to is shown in Figure 1, page 15 of this
section. Both detectors were subjected to three 40-hour cycles of
this profile. Detector performance was monitored via the analog
output of its associated 956 series ratemeter and_logged on a
multichannel recorder along with the envuronmental chamber
temperature and humidity. A Cs-137 solid source was placed
equidistant between the detectors provided a nominal 2 mR/h rate.
Pages 16 through 28 of this section contain the entire strip chart
record on the detector temperature and humidity test. No change in
count rate (drift) was noted for either of the detectors at any point in
the test cycles. These recordings provide substantive evidence that
the Model 897A-210 detector meets all contractual environmental
requirements.

Electromagnetic Compliance

EMC testing, in accordance with EPRI Guide TR-102323-R1, was
performed by an independent testing laboratory. The test specimen
was an operating channel of 955A Area Monitor consisting of 75
feet of terminated 50-100 composite cable, 897A-210 Low Range
GM Detector, 956A-201 Digital Ratemeter and the prototype
S157033A2 Surge Suppressor. The ratemeter and surge
suppressor were installed in a model 948B-1 rack chassis. A second
non-operational ratemeter was installed in rack chassis to complete

the equipment complement.

Pages 29 through 52 contain F-Squared Laboratories Report No.
CLE 033100-01 R1 detailing EMC testing and test results. The
equipment, as tested , complied with the requirements of MIL-STD-

461D, CS 101, IEC 801-2, IEC 801-3, IEC 801-4, IEC 801-5 and

IEC 801-6.

Drawing S157033A-104 defines the 50-100 composite cable shield
grounding requirements that must be followed to achieve same level
of electromagnetic immunity as tested. This configuration requires
that the overall shield be grounded at both the control room and

detector location.
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1.4 Radiation Rate and Dose Dependency

1.5

Energy dependency tests were performed on two of the three
897A-210 detectors to be supplied under the purchase order. Serial
numbers 131 and 132 were profiled in both the radial and axial
modes using x-ray techniques equivalent to the following energies :
45, 68,100,148 and 180 keV. Solid sources were used for the 662
and 1200 keV. Page 53 through 58 provide the energy response
curves as well as the raw data collected for both of the referenced

detectors.

Rate dependency for all detectors is provided as pa'rt of the standard
range calibration procedure CAL-GM1. Pages 59 through 64 contain
the factory data sheets as well as raw range data.

Detector Stability

Ascending and descending plateaus for all contractually supplied
detectors are provided. A graphical plot of this data is included for
each detector's ascending plateau. Additionally, repeated counts
were taken for each detector at a fixed high voltage to demonstrate
the stability of the selected operating point. Pages 65 through 70 of
this section contain the raw plateau data and the graphical
representations of this data. Pages 71 through 74 contain the
repetitive count tests performed at a fixed high voltage value of 575
VDC. Testing performed utilized the internal operation check source
of the detector as the radiation source for both plateau and repetitive

count tests.

The GM tube utilized in the 897A-210 detector ( TGM ZP1320 ) has
a manufacturer specified maximum slope of 8% over a 100 volt
range from 525 to 625 VDC. The determination of % slope is
obtained by the formula below :

(Co—C4) 100
(C2+Cy)2 X (V2—-Vq) X100

Where : V; and V; are the plateau end points
C, is the count rate at V4

C; is the count rate at V>
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The results of testing are summarized in the Table below :

Detector % Slope of % Slope of Standard Deviation
Serial Ascending Descending for Repeated
Number Plateau Plateau Counts at Fixed
High Voltage
131 0.89% 0.45% 67.5
132 2.16% 1.73% 81.6
100762 0.84% 0% 42.2
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EMC TEST REPORT

M e ' 8 oy P
LU FH p;‘ ri:‘/
v »

Fora

Digital Rate Meter, Detector and Cable Assembly

)
D) .0

———Manufacturers - ~=—---- -- ~——Testing Facility: —-- ~
Inovision Radiation Measurements, LLC F-Squared Laboratories
6045 Cochran Road : 16740 Peters Road
Cleveland, OH 44139 Middlefield, OH 44062

by

The Digital Rate Meter, model 956A-201, Detector 897A-210 and Cable Assembly (consisting of 75
feet of 50-100 composite cable terminated at both ends) were tested to the following Standards and
were found to be in compliance with the requirements. A line filter assembly, part number
S157033A2, was utilized to achieve the required compliance. The testing commenced on 9/26/00
and was completed on 9/25/00.

Standards:

Military Standard — Requirements for the Control of Electromagnetic Interference Emissions and
Susceptibility (MIL-STD-461D and CS 101)

Electromagnetic Compatibility-Part 4: Testing and measurement techniques — Section 2: Electrostatic
discharge immunity test, IEC 801-2

Electromagnetic Compatibility-Part 4: Testing and measurement techniques - Section 3: Radiated,
radio-frequency, electromagnetic field immunity test, IEC 801-3

Electromagnetic Compatibility-Part 4: Testing and measurement techniques — Section 4: Electrical
Fast Transient/burst immunity test, IEC 801-4

DG
()

Electromagnetic Compatibility-Part 4: Testing and measurement techniques — Sectlon S: Surge
Immunity test, IEC 801-5

Electromagnetic Compatibility-Part 4: Testing and measurement techﬁiques — Section 6: Conducted
Immunity test, IEC 801-6

Evaluation Conducted bv Report Reviewed by:
,\ I/‘/ l Asenr \—"M(’\-"’~ . ‘ ' ’
- _L’y v ,: u// L d :
Tony Masone  ~ : . 'Ro%en Pellizze
EMC Manager General Manager
ENMC002 Rev Page | of 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956A-201 Date: 12/15/00
Revision Date: 01/03/01

INDEX
Section
GENERAL REPORT SUMMARY
ADMINISTRATIVE DATA
Management of Test Sample
Abbreviations and Acronyms

DESCRIPTION OF TEST CONFIGURATIONS

Performance Criteria

LIST OF EUT, ACCESSORIES AND TEST EQUIPMENT

Equipment Under Test

4.0 MODE OF OPERATION

5.0 METHOD OF MONITORING

6.0 IMMUNITY PASS/FAIL CRITERIA

7.0 REQUIRED MODIFICATIONS

8.0 EMC TEST EQUIPMENT

9.0 ELECTROSTATIC DISCHARGE IMMUNITY TEST
PROCEDURE

9.1 Electrostatic Discharge Immunity Test

9.2 Electrostatic Discharge Immunity Test Data Sheet

9.3 Photographs of Electrostatic Discharge Test

10.0 RADIATED IMMUNITY, TEST

10.1 Radiated Immunity Test Data Sheet

10.2 Photograph of Radiated Immunity Test Set-Up

11.0 ELECTRICAL FAST TRANSIENT/BURST IMMUNITY TEST

I1.1 EFT Immunity Test Data Sheet

11.2 Photograph of Electrical Fast Transient/Burst Immunity Test Set-Up

12.0 SURGE IMMUNITY TEST PROCEDURE

2.1 Surge Immunity Test

12.2 Surge Immunity Test Data Sheet

12.3 Photograph of Surge Immunity Test Set-Up

13.0 CONDUCTED IMMUNITY TEST PROCEDURE

13.1 Conducted Immunity Test

13.2 Conducted Immunity Test Data Sheet

13.3 Photograph of Conducted Immunity Test Set-Up

14.0 ELECTROMAGNETIC IMMUNITY CONCLUSION

— 0O~ OoN—O

EAIf o2 Rew | Page 2 of 23
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-

I Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
- Model: 956A-201 . Date: 12/13/00
|‘ : o Revision Date: 01/03/01
l GENERAL REPORT SUMMARY
This electromagnetic emission and immunity testing report was generated by F-Squared
I Laboratories. The test report is based on testing performed by F-Squared Laboratories personnel
according to the measurement procedures described in the test specifications given below and in
I the-Test-Procedures-sectionof-this-report:- —
I SECTION TEST RESULTS
l 9 Electrostatic Discharge Pass
I 10 Radiated Immunity Pass
I 11 Electrical Fast Transient Burst Pass
- 12 Power Surge Immunity Pass
I 13 Conducted Immunity Pass
EMCOU2 Roy | Page 3 0of 23



Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R]
Model: 956 A-201 Date: 12/13/00

1.0

1.1

suatvauuvl i NepUlL YoU.000

Section 6 Page 32 of

Revision Date: 01/03/01

ADMINISTRATIVE DATA

Management of Test Sample

The test sample was inventoried at the F-Squared Facility and returned to IHOVISIOH according
to the agreement between F-Squared Laboratoriés and the clienit. -

Abbreviations and Acronyms
The following_ abbreviations and acronyms may be used in this document

AM  Amplitude Modulation

BCI  Bulk Current Injection

CDN  Coupling/Decoupling Network

EFT  Electrical Fast Transients

EMC Electromagnetic Compatibility

EN European Norm

ESD  Electrostatic Discharge

EUT Equipment Under Test

GRP  Ground Reference Plane

HCP  Horizontal Coupling Plane

IEC International Electrotechnical Commission
KHz KiloHertz

LISN Line Impedance Stabilization Network
MHz MegaHertz

OATS Open Area Test Site

RF Radio Frequency

S/N Serial Number

VCP  Vertical Coupling Plane

EMCUD2 Rev | Page 4 of 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956 A-201 ) N Date: 12/13/00
T Revision Date: 01/03/01

2.0 DESCRIPTION OF THE TEST CONFIGURATIONS

2.1 Performance Criteria

SPECIFICATION PERFORMANCE CRITERIA
IEC 801-2 ]
IEC 801-3

s TIEC 80 T R

IEC 801-5
IEC 801-6
MIL STD 461D, CS 101

'
1
i
!
i
i
i
H
H
i
i

g i ivedlvel b fee)

Performance criteria A: The apparatus shall continue to operate as intended both during and
after the test. No degradation of performance or loss of function is allowed below a

performance level specified by the manufacturer, when the apparatus is used as intended.

Performance criteria B: The apparatus shall continue to operate as intended after the test. No
degradation of performance or loss of function is allowed below a performance level
specified by the manufacturer, when the apparatus is used as intended.

ENCuvz Ren |} Page 5 of 23
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Section 6 Page 34 of
Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
Model: 956A-201 Date: 12/13/00
Revision Date: 01/03/01

.

3.0 LISTS OF EUT, ACCESSORIES AND TEST EQUIPMENT

3.1 Equipment Under Test (EUT)

t

Device Manufacturer Model # Serial #
Digital Rate Meter Inovision Radiation 956A-201 Calab 1
Measurements, LLC
T TG M ATea Moiitor T T Inovision Radiation” T T 897A-210"" | T 151 ~ -
Detector Measurements, LL.C ’
Cable Assembly Inovision Radiation 50-100 N/A l
Measurements, LLC
Line Filter/Surge Inovision Radiation S157033A2 Prototype
Suppressor Assembly | Measurements, LLC I
Rack Chassis Inovision Radiation 948B-1 N/A
Measurements, LLC l
EMCun2 Res | Page 6 of 23
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Client: Inovi;sion Radiation Measurements. LLC Report No.: CLE 033100-01 R
"Model: 956 A-201 ’ Date: 12/13/00

Revision Date: 01/03/01
4.0 MODE OF OPERATION

The uni* was fully operational in phases of the test.

5.0 METHOD OF MONITORING

The display of the EUT was visually monitored.

6.0 IMMUNITY PASS/FAIL CRITERIA
The unit was monitored and the following criteria was used to define a non-compliance:

1. Rate increase above 1 mR/hr and subsequent alarm (Alarm setpoint 1 mR/hr).
2. Microprocessor failure/lock-up indicated by fail alarm.

3. Loss of setpoints/Alteration of setpoints.

4. Failure to respond to Check Source command.

>
o

REQUIRED MODIFICATIONS
The grounds of the signal line were required to be terminated at both ends of the cable.
A ferrite bead, Corcom Filter. and a Surge Suppressor were added to the AC Power lines.

This assembly is identified as the prototype S157033A2 filter assembly.

EMCu2 Rev | Page 7 of 23



Client: Inovision Radiation Measurements, LLC

. Qualification Report 950.36¢

Section 6

Page 36 of ll

Report No.: CLE 033100-01 R1

Model: 956A-201 Date: 12/15/00
Revision Date: 01/03/01
8.0 EMC Test Equipment I
Equipment Type Manufacturer " Model Nsu‘:;ll?:r Cz;;.alt)eue l
Shield Room Shielding Resources 3 meter 001 Mar, 2001
AC Power System California Instruments 5001IX-CTS 52840 Oct. 2001 l
LISN Fisher Custom Comm 50/250-25-4 9600 Aug. 2001
- Antennz }-- -} —-——- EMC-Test Systems " 73143 Biconilog" " """ " " 1229 " °|” Noffequired” | I
OATS Compliance Labs NA 001 Aug. 2001
PLDCN Fisher Custom Comm 801-M3-16A 97-12 Sept. 2001 I
Antenna 2 EMC Test Systems 3143 Biconilog 9609-1306 July 2001
ESD generator Haefely Trench PESD 1600 N/A Dec, 2000 l
Humidity/Temp G Thermo-Hygro Radio Shack 100 N/A Dec. 2000
Surge Generator EM Test VCS 500 21527 Dec. 2000 I
EFT generator Haefely Trench PEFT Junior 83818 Dec. 2000 .
Signal Generator Giga-tronics 6061A 9618911 Jan. 2001
Field Probe Chase EMC 20 2244/29 Mar. 2001 l
i
i
- — I _ . I
1
1
EMCit2 Ren | Page 8 0f 23
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I Client: Inovision Radiation Measurements, LLC Report No.: CLE 033 100-01 R1

T Model: 956A-201 ' Date: 12/13/00
. ’ i Revision Date: 01/03/01 -

9.0 ELECTROSTATIC DISCHARGE IMMUNITY TEST PROCEDURE

9.1 Electrostatic Discharge Immunity Test (ESD)

The ESD generator and discharge gun was used to conduct the tests outlined below. The
waveform conforms to IEC 801-2. This generator was used to simulated electrostatic discharges
to the EUT. The EUT was placed on a non-conductive material 0.5 mm above a horizontal
coupling plane (HCP) conforming to the dimensions of IEC 801-2. The horizontal coupling plane
and the vertical .coupling_plane were connected to-the ground reference -place-through two-470
KOhm resistors. During the test, three different methods were used to determine if the equipment
was susceptible to ESD. They consisted of Direct Contact, Air Discharge and Indirect discharge.
The direct contact method was used on all exposed conductive surfaces. Each point was
contacted 10 consecutive times in the positive polarity and 10 consecutive times in the negative
polarity with an electrostatic discharge from the ESD Gun. The Indirect discharge method was
used on-one point of the honzontal coupling plane (HCP) and to one point on the vertical
coupling plane (VCP) located 10 cm from the edge of the EUT on all four sides of the EUT. The
Air Discharge method was used on all exposed non-conductive materials. These materials were
scanned with the tip of the ESD gun. if the gun discharged at any point, 10 consecutive discharges
in both positive and negative polarities were then made to that point,

EMCI02 Re | Page 9 of 23
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Section 6 Page 38 of

Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956A-201 Date: 12/13/00
Revision Date: 01/03/01

9.2 Electrostatic Discharge Immunity Test Data Sheet

Test Date: 9/26/00 Test Engineer: - | Tonv Masone
Standard: IEC 801-2 Air Temperature: 17°C
Performance B Relative Humidity: 62%
Criteria:

Conductive Surfaces = _ I e -

Discharge Point Level Method Pass / Fail

Vertical Coupling Plane — Right Side +4 kV Contact Pass
Vertical Coupling Plane — Left Side +4kV Contact Pass
Vertical Coupling Plane - Front Side +4kV Contact Pass
Vertical Coupling Plane — Back Side +4 kV Contact Pass
Horizontal Coupling Plane +4 kv Contact Pass
Conductive Surfaces +4kV Contact Pass

EMCu2 Rev | Page 10 of 23 I
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Client: Inovision Radiation Measurements, LLC Report No.: CLE033100-01 R1
Model: 956A-201 . Date: 12/13/00
n et Revision Date: 01/03/01

2.0 DESCRIPTION OF THE TEST CONFIGURATIONS

2.1 Performance Criteria

SPECIFICATION PERFORMANCE CRITERIA
IEC 801-2 ~
IEC 801-3
S i =1
_IEC 801-5
IEC 801-6
MIL STD 461D, CS 101

> > | oo |

Performance criteria A: The apparatus shall continue to operate as intended both during and
after the test. No degradation of performance or loss of function is allowed below &
performance level specified by the manufacturer, when the apparatus is used as intended.

Performance criteria B: The apparatus shall continue to operate as intended after the test. No
degradation of performance or loss of function is allowed below a performance level
specified by the manufacturer, when the apparatus is used as intended.

TTTTeT T T

b

ENICU02 Rev | Page 5 of 23
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Section 6 Page 34 of
Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
Model: 956 A-201 Date: 12/13/00

Revision Date: 01/03/01

3.0 LISTS OF EUT, ACCESSORIES AND TEST EQUIPMENT

3.1 Equipment Under Test (EUT)

--t

~ Device Manufacturer Model # Serial #
Digital Rate Meter Inovision Radiation 956A-201 Calab 1
Measurements, LLC
T T T TG M ATea Monitor ~Inovision Radiation 897A-210 [T 1317 |7
: Detector Measurements, LL.C
Cable Assembly Inovision Radiation 50-100 N/A l
Measurements, LLC
Line Filter/Surge Inovision Radiation S157033A2 Prototype
Suppressor Assembly Measurements, LL.C I
Rack Chassis Inovision Radiation 948B-1 N/A
Measurements, LLC I
EMC 2 Res | Page 6 of 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

"Model: 956A-201 - Date: 12/13/00

" Revision Date: 01/03/01

4.0 MODE OF OPERATION

The uni* was fully operational in phases of the test.

5'.0 METHOD OF MONITORING

The display of the EUT was visually monitored.

6.0 IMMUNITY PASS/FAIL CRITERIA

The unit was monitored and the following criteria was used to define a non-compliance:
1. Rate increase above ] mR/hr and subsequent alarm (Alarm setpoini 1 mR/hr).

2. Microprocessor failure/lock-up indicated by fail alarm.

3. Loss of setpoints/Alteration of setpoints.
4. Failure to respond to Check Source command.

REQUIRED MODIFICATIONS
The grounds of the signal line were required to be terminated at both ends of the cable.
_ A ferrite bead, Corcom Filter, and a Surge Suppressor were added to the AC Power lines.

This assembly is identified as the prototype S157033A2 filter assembly.

E£MCI Ry | Page 70f 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
Model: 956A-201 Date: 12/15/00

Revision Date: 01/03/01

8.0 EMC Test Equipment l

Equipment Type Manufacturer " Model Nsuen?t?el:r Cag.alt)eue I
Shield Room Shielding Resources 3 meter . 001 Mar. 2001

AC Power System California Instruments 5001IX-CTS 52840 Oct. 2001 l
LISN Fisher Custom Comm 50/250-25-4 9600 Aug. 2001

- -~--- Antenng } -—- -~} ——-EMC-TestSystems- --{-'~—-3143 Bicodilog ™~~~ [~ ™ 12297 " Not réquired T [ l
OATS Compliance Labs NA 001 Aug. 2001

PLDCN Fisher Custom Comm 801-M3-16A 97-12 Sept. 2001 l
Antenna 2 EMC Test Systems 3143 Biconilog 9609-1306 July 2001

ESD generator - Haefely Trench PESD 1600 N/A Dec, 2000 l
Humidity/Temp G Thermo-Hygro Radio Shack 100 N/A Dec. 2000

Surge Generator EM Test VCS 500 21527 Dec. 2000 l

EFT generator Haefely Trench " PEFT Junior 83818 Dec. 2000 -
Signal Generator Giga-tronics 6061A 9618911 Jan. 2001

Field Probe Chase EMC 20 2244729 Mar. 2001 l

|

|

—_ —_— I

|

|

EMCHN2 Res | Page 8 of 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956A-201 | : Date: 12/13/00
) o Revision Date: 01/03/01]

9.0 ELECTROSTATIC DISCHARGE IMMUNITY TEST PROCEDURE

9.1 Electrostatic Discharge Immunity Test (ESD)

“The ESD generator and discharge gun was used to conduct the tests outlined below. The
waveform conforms to IEC 801-2. This generator was used to simulated electrostatic discharges
to the EUT. The EUT was placed on a non-conductive material 0.5 mm above a horizontal
coupling plane (HCP) conforming to the dimensions of [EC 801-2. The horizontal coupling plane
and the vertical .coupling_plane were connected to.the ground reference -place-through two-470 -
KOhm resistors. During the test, three different methods were used to determine if the equipment
was susceptible to ESD. They consisted of Direct Contact, Air Discharge and Indirect discharge.
The "direct ‘contact method was used on all exposed conductive surfaces. Each point was
contacted 10 consecutive times in the positive polarity and 10 consecutive times in the negative
polarity with an electrostatic discharge from the ESD Gun. The Indirect discharge method was
used on one point of the honzontal coupling plane (HCP) and to one point on the vertical
coupling plane (VCP) located 10 cm from the edge of the EUT on all four sides of the EUT. The
Air Discharge method was used on all exposed non-conductive materials. These materials were
scanned with the tip of the ESD gun. if the gun discharged at any point, 10 consecutive discharges
in both positive and negative polarities were then made to that point.

EMCI02 Rer | Page 9 of 23
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956A-201 Date: 12/13/00
) Revision Date: 01/03/01

9.2 Electrostatic Discharge Immunity Test Data Sheet -

Test Date: 9/26/00 Test Engineer: - | Tonv Masone
Standard: IEC 801-2 Air Temperature: 17°C
Performance B Relative Humidity: 62%
Criteria:

_ Conductive Surfaces . e o

Discharge Point Level Method Pass / Fail
Vertical Coupling Plane — Right Side +4kV Contact Pass
Vertical Coupling Plane — Left Side +4 kV Contact Pass
Vertical Coupling Plane — Front Side +4kV Contact Pass
Vertical Coupling Plane — Back Side +4kV Contact Pass
Horizontal Coupling Plane +4 kV Contact Pass
Conductive Surfaces +4 kV Contact Pass

EMCtu2 Rey | Page 10 of 23




Client: Inovision Radiation Measurements, LLC
Model: 356 A-201

9.3 Photographs of the Electrostatic Discharge Test Set-Up

EMC 02 Res 1 Page 11 of 23
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Report No.: CLE 033100-01 R1
Date: 12/13/00
Revision Date: 01/03/01
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Client: Inovision Radiation Measurements. LLC Report No.: CLE 033100-01 R1
Model: 956 A-201 Date: 12/13/00
Revision Date: 01/03/01

Front View of the EUT during the Electrostatic Discharge Test
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Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956A-201 . o . Date: 12/13/00
Tl L Revision Date: 01/03/01

-

10.0 Radiated Immunity Test

The Equipment Under Test (EUT) was placed in a fully anechoic chamber on a non-conductive
turntable. A broadband antenna was placed three meters from the EUT and was used to radiate
RF energy in both horizontal and vertical polarities at the EUT.

The RF energy consisted of a signal that was stepped at 1% increments through the frequency
range of 80 MHz to 1000 MHz at a rate slower than the reaction time of the EUT. Thé signal was
80% AM modulated with a 1 KHz sine wave and had a minimum calibrated field strength of 3.0
volts/meter at the surface of the EUT. The signal was also pulsed modulated at 200 Hz in the

frequency range of 895 MHz to 905 MHz. The EUT was exposed to the RF energy on four
different surfaces (Front Back. Left and Right sides).

The test set up conformed to figure 2 of IEC 801-3.

[N ]
(73 ]

ENCui2 Rey ! Page 13 of
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Report No.: CLE 033100-01 R1
Date: 12/13/00
Revision Date: 01/03/01

Client: Inovision Radiation Measurements, LLC
Model: 956 A-201

10.1 Radiated Immunity Test Data Sheet

Test Date: 9/26/00 Test Engineer: Tonv Masone
Standard: IEC 801-3 Performance Criteria: | A
Side of EUT
Exposed to Antenna Frequency Range Minimum Pass/Fail
Antenna Polarization Calibrated RF
Field Strength
Front Horizontal 80 MHz to 1000 MHz 10.0.v/m Pass
Right Side Horizontal 80 MHz to 1000 MHz 10.0 v/im Pass
Back Horizontal 80 MHz to 1000 MHz 10.0 v/m Pass
Left Side Horizontal 80 MHz to 1000 MHz 10.0 v/im Pass
Front Vertical 80 MHz to 1000 MHz 10.0 v/im Pass
Right Side Vertical 80 MHz to 1000 MH2z 10.0 v/im Pass
Back Vertical 80 MHz to 1000 MHz 10.0 v/im Pass
Left Side Vertical 80 MHz to 1000 MHz 10.0 v/im Pass

EMCU02 Rey ]
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Section 6 Page 44 of i

Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
Model: 956 A-201 Date: 12/13/00
' Revision Date: 01/03/01

11.0  Electrical Fast Transient/Burst Immunity Test

The Electrical Fast Transient Burst generator was used to conduct the tests outlined below.
The waveform conforms to IEC 801-4. This generator was used to simulate RF

energy coupled onto power and data cables from switches, relays, motors. and any other
device that could produce a voltage “spike™.

During the testing, the product was placed on a non-conductive table conforming to the
dimensions of IEC 801-4. The set-up conformed to IEC 801-4, figure 7.

The transient energy (as defined in IEC 801-4) was coupled on the cables under test
at various levels and polarities as defined by the standard. (Refer to the test page for the
details of this test).

During the test, all data cables that may have a practical length greater than 3 meters, and all
power mains cables were tested as outlined below.

Data Lines
The transient energy was coupled through a capacitive coupling clamp from the EFT generator
to the data lines.

AC Mains
The transient energy was coupled through the EFT generator coupling/decoupling network to
each conductor of the power mains cable with respect to ground.

EMCUO2 Ren | Page 16 of 23



- - . Section 6 Page 45 of 7

l Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1
B Model: 956A-201 . Date: 12/13/00

¥ B Revision Date: 01/03/01

Ib 11.1 EFT Immunity Test Data Sheet
Test Date: 9/26/00 Test Engineer: Tony Masone
Standard: . | IEEC 8014 Air Temperature: 20°C
I Performance B Relative Humidity: 52%
Criteria:
‘DATA LINES : -
-~ - -- | -DPescription of Data-Line | Test Level -| -Polarity-|—Test-duration—{— —- -Pass/Fail -— - —}— - —-
; Signal Line - 3.0kV + 1 minute Pass
) Sienal Line 3.0kV - 1 minute Pass
POWER LINES
Description of Power Test Level | Polarity | Test duration Pass/Fail
I Line Conductor
AC Power 3.0kV + 1 minute - Pass
l AC Power ~ 3.0kvV - 1 minute Pass
EMCU02 Res | Page 17 of 23
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Client: Inovision Radiation Measurements, LLC - Report No.: CLE 033100-01 R1
Model: 956A-201 Date: 12/13/00

Revision Date: 01/03/01

11.2 Photograph of the Electrical Fast Transient Immunity Test Set-Up

Page 18 0of 23
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Client: Inovision Radiation Measurements, LLC

Model: 956A-201

12.0 SURGE IMMUNITY TEST

12.1  Surge Immunity Test

Section6  Page 47 of 7:

Report No.: CLE 033100-01 R1

Date: 12/13/00

Revision Date: 01/03/01

The test was performed the unit as per IEC 801-5. The surge pulse duration from the
combination wave generator was 1.2 x 50 ps voltage into an open circuit as high as 2kV and a 8
x 20 ps current pulse into a short circuit. Each pulse was injected 10 times in each polarity
with a minimum of 60 second interval between each pulse. The unit set up was similar to the
schematic shown in Figure 8 of [EC 801-5.

e m m meme 4 e —— e g

AC Maiﬁs

The AC Mains lines were coupled to the Surge/EFT generators coupling/decoupling network.

Surges were applied to each AC line and protective earth in both

mode injections.

122 Surge Immunity Test Data Sheet

common and differential

Test Date: 9/26/00 Test Engineer: Tonv Masone
Standard: JEC 801-5 Performance Criteria: B
Cable Designation Level Phase Pass/Fail
AC Port Testing (kV)
Differential Mode Injection Tests
Line 1to Line 2 +3.0 0-360 Pass
Line 1 to Line 2 -3.0 0-360 Pass
Common Mode Injection Tests
Line 1 to Earth +3.0 0-360 Pass
Line | to Earth -3.0 0-360 Pass
Line 2 to Earth +3.0 0-360 Pass
Line 2 to Earth -3.0 0-360 Pass

ENCu02 Rer |
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Client: Inovision Radiation Measurements, LLC
5

Model: 956 A-201

12.3 Photograph of Surge Immunity Test Set-Up
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Model: 956A-201

Client: Inovision Radiation Measurements, LLC

13.1 Conducted Immunity Test

13.2 Conducted Immunity Test Data Sheet

Section6  Page 49 of 74
Report No.: CLE 033100-01 R1

Date: 12/15/00

RPN Revision Date: 01/03/01

13.0 CONDUCTED IMMUNITY TEST PROCUDURE

The test set up conformed to figure 2 of IEC 801-6.

The Equipment Under Test (EUT) was placed in a fully anechoic chamber 10 cm above a GRP.
A coupling/decoupling network was connected to the EUT.'s power cord and was used to couple
RF energy onto all lines of the power to thé¢ EUT. A bulk current injection (BCI) was used to
couple RF energy onto all data, control and I/O lines that may exceed 3 meters in length.

The RF energy consisted of a signal that was stepped at 1% increments through the frequency
range of 150 KHz to 80 MHz at a rate slower than the reaction time of the EUT. The signal was
80% AM modulated with a 1 KHz sine wave and had a minimum calibrated level of 3.0 Volts.

Test Date: 9/26/00 Test Engineer: Tonv Masone
Standard: IEC 801-6, MIL-STD 461D, Performance Criteria: | A
CS 101
Line Tested Frequency Range Minimum Calibrated RF Pass/Fail
Level
AC Power lines 150 KHz to 80 MBz 6.3 Vrms Pass
Signal Line 150 KHz to 80 MH=z 6.3 Vrms Pass
Line Tested Frequency Range Minimum Calibrated RF Pass/Fail
Level
AC Power lines 30 Hz to 50 kHz 136 dBuV Pass

5
---'----r-'

EMCu2 Res !
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Section6 -Pags 50 of7l
Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 R1

Model: 956 A-201 Date: 12/13/00
: : Revision Date: 01/03/01

13.3 Photograph of the Conducted Immunity Test Set-Up
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" v . Section 6 Page 51 of 7
I Client: Inovision Radiation Measurements, LLC Report No.: CLE 033100-01 RI
s Model: 956A-201 ' Date: 12/13/00
‘ R et Revision Date: 01/03/01
I 14.0 ELECTROMAGNETIC IMMUNITY CONCLUSION
The Digital Rate Meter, model 956A-201, Detector 897A-210 and Cable Assembly (consisting
of 75 feet of 50-100 composite cable terminated at both ends) complied with all of the
_ l requirements of the IEC 801-2. IEC-3, IEC 801-4, IEC 801-5. IEC 801-6. and MIL-STD-461D.
CS 101. .
ENCOL2 Re | Page 23 of 23-
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897A-210-131

Date: [9/21/00
HVL nC | 857 Reading|| kV | mA | Time Dist. RITC mR/hr % Error
(mR/hr) (min) | (cm)

HG60 6 2.852 14.1 60 | 5 | 1.5 | 300 [1.750E-03 199.64 -92,94%
2.851 14.2 60 | 5 | 1.5 | 300 {1.750E-03 199.57 -92.88%

H100 | 13.5 | 0.9388 41 100 | 3 | 1.5 | 300 |1 -200E-03  45.0624 -9.02%
0.9342 41 100 | 3 | 1.5 | 300 |1.200E.03 44.8416 -8.57%
H150 17 5.735 225 150 | 3 1.5 300 |1.160E-03 266.1346197 | -15.46%
5.721 226 150 | 3 1.5 300 |1.160E-03 265.484945 | -14.87%

H200 | 19.8 | 3.903 195 200 | 3 | 1.5 | 300 |1.356E-03 211.69872 | -7.89%
3.902 185 200 | 3 | 1.5 | 300 [1.356E.03 211.64448 | -7.86%

H250 | 22 5.86 291 250 | 3 | 1.5 | 300 |1.250E-03 295,1096 -1.39%
5.877 291 250 | 3 | 1.5 | 300 |1.259E-.03 295.96572 | -1.68%

Energy |Relative Response

68 0.91
100 0.85
148 0.92
180 0.98
662 1
1200 0.99

Through Side



897A-210-131

Date: | 9/21/00

port 950.366

Qualitication Re

< nC | 897 Reading | kV | mA | Time | Dist. RTC mR/hr % Error
{g (mR/hr) ! (min) | (cm)
Y HEO0 | 2.82 29 60 | 5| 1.5 | 300 [1.750E-03 197.4 -85.31%
o 2.835 29 60 | 5 [ 1.5 | 300 [1.750E-03 198.45 -85.39%
5 H100 | 0.9301 46.9 100 | 3 | 1.5 | 300 [1.200E-03| 44.6448 '5.05%
o 0.9409 474 100 | 3-] 1.5 | 300 [1.200E-03| 45.1632 4.95%
H150 | 5.844 | . 242 150 | 3 | 1.5 | 300 |1.160E-03| 271.1928017 | -1 0.76%
© 5.847 242 150 } 3 | 1.5 | 300 [1.160E-03|271.3320177 | -10.81% ,
s H200 | 3.856 186 200 3 1.5 300 |1.356E-03| 209.14944 | -11.07%
B 3.852 186 200 | 3 1.5 300 |1.356E-03] 208.93248 | -10.98%
(% 7H250 | 6.224 263 250 | 3 | 1.5 | 300 |1.259E-03| 313.44064 | -16.09%
6.221 263 250 | 3 | 1.5 | 300 |1.259E-03| 313.28956 | -16.05%

* _|Energy [Relative Response

45 0.15

68 1.05

100 0.89

Y 148 0.89

- 180 0.84
662 1

1200 0.95

. \ ThrougTop‘
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897A-210-132

Date: 9/21/00 \
O «t HVL nC | 857 Reading| kV | mA | Time | Dist. RITC mR/hr % Error
g~ (mR/kr) (min) | (cm)
3‘ (o]
%[3 H60 6 | 4.692 50.1 60 { 5 | 1.5 | 300 [1.750E-03] 328.44 -82.01%
58 4716 59.3 60 | 5 | 1.5 | 300 |1.750E-03| 330.12 -82.04%
+ o H100 | 135 | 162 90.2 100 | 3 | 1.5 | 300 |1.200E-03| 77.76 16.00%
ct 1.5903 88.9 100 | 3 | 1.5 | 300 |1.200E-03| 76.3344 16.46%
5 H150 | 17 | 5.933 287 160 | 3 | 1.5 | 300 |1.160E-03| 275.3228769 | 4.24%
) 5.96 287 150 | 3 | 1.5 | 300 |1.160E-03| 276.575821 | 3.77%
25 H200 | 19.8 | 3.863 220 200 | 3 | 1.5 | 300 [1.356E-03] 209.52912 | 5.00%
g'z‘; . 3.84 219 200 [ 3 | 1.5 | 300 [1.356E-03| 2082816 | 5.15%
I tH250 [ 22 | 6.435 322 250 | 3 | 1.5 | 300 [1.250E-03] 324.0666 | -0.64%
o 6.44 324 250 | 3 | 1.5 | 300 [1.259E-03] 324.3184 | -0.10%
Energy |Relative Response
45 0.18
68 1.16
100 1.04
148 1.05
180 1.00
el 662 1
v 1200 | 0.984375
. Thro

Lﬁide---.---_’g—
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897A-210-132

Date: |9/21/00

HVL nC | 857 Reading| kV | mA | Time | Dist. RITC mR/hr % Error

(mR/hr) (min) | (cm)
H60 6 1.9015 20.5 60 | 5 1.5 300 |1.750E-03| 133.105 -84.60%
1.91 20.5 60 | 5 1.5 300 |1.750E-03 133.7 -84 67%
H100 | 13.5 | 0.7098 32.5 100 | 3 1.5 300 |1.200E-03| 34.0704 -4.61%
0.7095 32,5 100 | 3 1.5 300 |1.200E-03 34.056 -4.57%
H150 17 3.979 172 150 | 3 1.5 | 300 |1.160E-03| 184.6468443 | -6.85%
3.985 172 150 | 3 1.5 | 300 |1.160E-03( 184.9252763 | -6.99%
H200 | 19.8 | 3.733 185 200 3 1.5 300 |1.356E-03| 202.47792 | -8.63%
3.7354 185 200 | 3 1.5 | 300 |1.356E-03| 202.608096 | -8.69%
H250 22 6.378 259 250 | 3 1.5 300 |1.259E-03| 321.19608 | -19.36%
6.344 258 250 | 3 1.5 300 |1.259E-03| 319.48384 | -19.24%

Co-60

Energy |Relative Response

45 0.15
68 0.95
100 0.93
148 0.91
180 0.81
662 1

1200 | 0.96484375

Through Top
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adiation Measurements 6045 Cochran Road
Cleveland OH 44139

o

TITLE:

DOCUMENT =

Customer

Froiect

CAL~GM&

REV. A
897A-X1X DETECTOR DATA SHEET

Rochester Gas & Electric

N/A

Detector Model #

S.0. #

157033

897A-210 Serial #

FeOoa &
W.0. #
1351

Phone: 440 248-9300

GM Detector Calibration for Area HMonitoring Systems

FAX: 440-348-2307
www.inovision.com

ATTACHMENT A

4300008671

M/A

Tag #

N/A

Readout FModel # PO6A-201 Serial-# 117 Cal Date 10-Jan-01
6.3 Detector Discriminator M/ volts ( 897 OMLY
&8 Anti~Jam Duty Cyrcle Verification Fass (Fass/Fail)
Intensity Pogition & Mo Count Time Accumulated Gross Net
(mR/h) of Attenuaters (sec) Counts Counts Count Rate
{ _cpm ) ( cpm )
TRI SOURCE CALIEBRATION INFORMATION (20 Ci Cs-137)
" .hCl’C‘RDUMD 200 em & & Atin’s 3. 00E+02 8.30E+01 1.66E+0L M7a
) 1.04 200 cm & &6 Atth’s - 2.40E+02 L.13E+03 2.87E+02 271
I 3.2 250 em & 5 Altn's 2.40E+02 S.29E+03 B.23E+02 804
I .58 200 em & 4 attn’s 2.40E+02 P.88E+03 2.46E+03 2444
0.3 280 em & 3 Ntin‘s 1 .20E+02 1.30E+04 7.00E+03 7483
l PL.E6 200 em & 2 Attn’s 1.20E+02 4.3BE+04  2.19E+04 21883
J03 230 cm & 1 Attn’s 1.20E+02 1.31E4+08 &6.558E+04 465483
l 71 200 cm & O Attn’s 1. 20E+02 SW66E+05 1L .83E+05 182983
I S107 300 em & 2 Attn’'s 6. 00E+01 Anti Jam 2.39E+06 N/ aA
6.10 Check Source Response 89.30 mR/h
i
Conversion
Constant J.98E-03 Dead Time Correction 1.43E-06
boncluciecl By __ 7 /gﬂﬂ _____ Q.A. Review By
Cal Date 0Ol-Mar—-01 Date
1
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Radiatiqn Measurements

6045 Cochran Roa
Cloveland OH 44139
Phons: 440 248-9300
FAX: 440-348-2307
www.inovision.com

DETECTOR CURVE FIT PROGRAM — GM AREA MONITORS
24085701 Rev R

Model number is B974-210
Serial number is 131

DATA FROM CALIEBRATIOM RANGE

Field crPr Calc field % Deviation
mR/hr
1 .04 271 1.07817 J.H6997
J.21 804 J.20911 =-0. 0276075
P.586 2444 ?.76178 2.1107
30.3 7483 30.0818 ~0.720002
?l.b 21883 82.8434 -1.91764
303 63483 287 .377 -5.158603
P71 182983 286.203 1.56567
CCL = 0.003974693
Tal = 1.43242e~-006

Root sum of the squares of the deviation is 7.15236

Baclkground CFMz 17

Date Calibrated: 3/71/01

Calibrated by: Bruce Mahood
Customers: Rochester Gas & Electric
Sales otrder number: 1537033
Custometr tag number:s N/A
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l V 2, Y14 Section 6 - " Page 61 of 74 .
'==':=7 - .
y_— : b - teor B R N
"kladlation Measurements ’ 6045 Cochran Road
. Cleveland OH 44139
Phone: 440 248-8300

ll FAX: 440-345-2307
TITLE: GM Detector Calibration for Area Monitoring Systems www.Inovision.com
DOCUMENT 2 CAaL.~GMé REV. A ATTACHMENT M
8974~-X1X DETECTOR DATA SHEET
Customer Rochester Gas & Electric F.0. # 4300008671
Froject N/A s.0. & 157033 W.0. # N/7A
Detector rodel # B974-210 Serial # 152 Tég # N/A
Readout Model & 956A4~201 Serial # 117 Cal Date 10-Jan-01
6.3 Detector Discriminator N/A volts ( 897 ONMLY )
6.9 Anti—Jam Duty Cycle Verification Fass (Fass/Fail)
Intensity Position & MNo. Count Time éccumulat@d Gross Net
(mR/1) Of Attenuaters (sec) Counts Counts Count Rate

( cpm ) ( cpm )

TRI SOURCE CALIERATION IMFORPMATION (20 Ci Cs-137)

BACKGROUND 200 em & & Attn’s 3« 00E+02 ?.30E+01 1.86E+01 N7 A
1.04 200 cm & & Attn’s 2.480E+02 1.21E+03 3.02E+02 284
3.21 280 cm & 5 Attn’s 2.40E+02 3. 60E+0T  9.O0E+02 | >.881
.86 200 cm & 4 Attn’s 2.40E402 1.07E+04 2.48E+03 2656
30.3 250 cm & 3 Attn’s 1.20E+02 L.63E+04  B.26E+03 T 8231
1.6 200 cm & 2 Attn’s 1.20E+02 4.79E+04 2.40E+04 23931
303 280 cm & 1 Attn’s 1.20E+02 1.44E+05 7.20E+04 71981
971 200 em & O Altn’'s 1.20E+02 4.01E+0% 2.01E+05 200481
S107 300 em & 2 Attn’s 6. O0E+01 Anti Jam Z2.460E+06 N/ A
4$.10 Check Source Response 81.40 mR/h
Conversian
Constant J.47E-03 Dead Time Correction 1.26E-04
?,onducted I—'? %W .A. Review Ry
Cal Date Ol-Mar—-0l Date
l ) 22826M1L-6
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I’ re 5-‘.?.-:."5
Radiation Measurements 6045 Cochran Roa

Cleveland OH 44139
Phone: 440 248-9300
FAX: 440-349-2307
www.inovision.com

DETECTOR CURVE FIT PROGRAM — GM AREA MOMITORS
24085701 Rev R

Model number is 8974210
Serial number is 132

DATA FROM CALIBRATION RANGE

Field CFM Calc field % Deviation
mR/hr
1.04 284 1.04201 0.19305
J.21 881 J.23485 0.779222
P .06 2656 ?.77411 2.23%966
30.3 231 30.5046 0.673126
?1.4 23931 90.493 -1.20814
303 71981 290.Lo7 —-4.,.205649
@71 200431 ¥82.883 1.22378
CCL = 0.0034646773
TAU = 1.25%64a-006

Root sum of the squares of the deviation is 5.17235

Rackground CFM: 19

Date Calibrated: 3/1/01

Calibrated by: Bruce Mahood
Customer: Rochester Gas & Electric
Sales order number: 157033
Customer tag numbers N/A
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~badlatlon Measurements

6045 Cochran Road
Cleveland OH 44139
Phone: 440 248-8300
FAX: 440-348-2307
www.inovision.com

TITLE: GM Detector Calibration for Area Monitoring Systems
DOCUMENT » CAL-~GIM& REV. A ATTACHMENT &
I @e74a~X1X DETECTOR DATA SHEET
Customer Rochester Gas & Electric F.O. # 4500008671
l Froiect hl/& S.0. # 157033 W.0. ¢ N/A
I Deteclor Model # 897A-210 Serial # 100762 Tag # NM/A
Readout Model # PL46A—-201 Serial # 117 Cal Date 10-Jan~01
I 6.3 Detector Discriminator N/A volts ( 897 OMLY )
&8 Anli-Jam Duty Cycle Verification Fass (Fass/Fail)
Intensity PFosition & NMo. Count Time h.cc:umula-ted Gross Met
(mR/h) Of Attenuaters (sec) Counts Counts Count Rate
( cpm ) ( cpm )

TRI SOURCE CALIBRATIORN INFORMATION (20 Ci Cs-137)

Cal Date

- -

vl

Conducted By __:Z/

02--Mar—-Q1L

Q-'ﬁln

Feview

i
i
.ALI’GF\UUHD 200 cm & & Attn’'s 3. 00E+02 8.10E+01 1.62E+01L N/ A
l 1.04 200 cm & &6 Attn’s 2.40E+02 1.15E+03 2.87E+02 271
J.21 250 cm & 5 Attn’s 2. 40E+02 J.40E+0T  8.50E+02 834
I .06 200 cm & 4 Attn‘e 2.40E+02 1. 01E+04 TL.ESE+(5;; 2509
J0.3 250 cm & 3 Attn’s 1.20E+02 LuS6E+QE  7.80E+03 7784
I ?l.6 200 em & 2 Attn’'s 1.20E+02 4.54E+04 2L27E404 22684
S03 230 om & 1 Atin’s 1« 20E+07 1.36E+08  4.80E+04 &7984
I 971 200 cm & O Attn’s 1.20E+02 J.76EF05 1L.BBE405 187984
l 3107 300 cm & 2 Attn’s é . QO0E+01 Anti Jam  2.40E+04 N/ &
&.10 Checl. Source Response 43.40 mR/h
1
Conversion /
Constant 3.87E-03 Dead Time Correction

Fy

Date £

~NEE
PRy R

Gr1-—-&
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Radiation Measurements ' 6045 Cochran Roa
. Cleveland OH 44138

Phone: 440 248-9300
FAX: 440-349-2307
www.inovision.com

DETECTOR CURVE FIT FROGRAM - GM AREA MONITORS
24085701 Rev R

Model number is 8974-210
Serial number is 100782

DATA FROM CALIBRATIOM RANGE

Field CPM Calc field « Deviation

mR/hr

1.04 271 1.04907 0.872394
J.21 834 S.231035 0.6353042
P.56 2909 T 9.74278 1.91191
S0.3 7784 30.4491 0.49193%
?L.46 22684 20.6205 -1 .06931
303 467984 2920.3586 -4.17282
@71 187984 982.757 «2108

CCL = 0.0038&69467
Talu = 1.38204e-0046
oot sum of Lthe squares of the deviation is %.01093

Baclkground CFM: 14

Date Calibrated: 3/2/01

Calibrated by: Bruce Mahoaod
Customers Rochester Gas & Electric
Sales order number: 157033
Customer tag number: N/A
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Plateau Data

897A-210 Serial Number 131

Ascending Plateau Desending Plateau
time H.V. counts’ CcPM time H.V. counts CPM
9:49 375| 4.13E+04| 2.07E+04 10:26 650| 4.50E+04| 2.25E+04
9:52 400| 4.37E+04| 2.19E+04 10:29 625| 4.50E+04| 2.25E+04
9:55 425| 4.42E+04{ 2.21E+04 10:32 600| 4.50E+04| 2.25E+04
9:58 450] 4.44E+04| 2.22E+04|  10:36 575| 4.46E+04| 2.23E+04
10:01 A75| 4.44E+04| 2.22E+04 10:45 550| 4.51E+04| 2.26E+04
10:05 500]-4.43E+04| 2.22E+04 10:48 525! 4.47E+04| 2.24E+04
10:07 525| 4.46E+04| 2.23E+04 10:51 500| 4.47E+04| 2.24E+04| .
10:10 550| 4.46E+04| 2.23E+04 10:54 475| 4.46E+04| 2.23E+04
10:13 575] 4.44E+04| 2.22E+04 10:57 A50| 4.43E+04] 2.22E+04
10:16 .600| 4.48E+04| 2.24E+04 11:01 425| 4.43E+04| 2.22E+04
10:18 625| 4.50E+04| 2.25E+04 11:04 400| 4.37E+04| 2.19E+04
10:20 650| 4.52E+04| 2.26E+04 11:07 375| 4.15E+04| 2.08E+04

All counts taken with the detector's oberational check source activated.

Nomina! Check So%ponse is 88 mR/Mh -
Performed by { M/

- Date_¢c2 é %[22 /
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Plateau Data
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897A-210 Serial Number 132
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Section 6
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Ascending Plateau Desending Plateau

time H.V. counts CPM time H.V. counts CPM
13:14 375| 4.28E+04| 2.14E+04]  13:51 650| 4.66E+04| 2.33E+04
13:17 400| 4.51E+04] 2.26E+04 13:54 625| 4.65E+04| 2.33E+04
13:20 425| 4.55E+04] 2.28E+04 13:56 600| 4.61E+04| 2.31E+04
13:23 450! 4.56E+04| 2.28E+04 13:59 575| 4.61E+04| 2.31E+04
13:26 ~ 475| 4.56E+04] 2.28E+04 14:01 550| 4.62E+04| 2.31E+04
. 13:30 500| 4.56E+04|.2.28E+04| . .14:04 ..525|.4.58E+04| 2.29E+04
13:33 525| 4.58E+04| 2.29E+04|  14:07 500| 4.57E+04| 2.29E+04
13:35 550| 4.60E+04| 2.30E+04 14:10 475| 4.55E+04| 2.28E+04
13:40 . 575| 4.60E+04]| 2.30E+04 14:12 450| 4.56E+04| 2.28E+04
13:43 600] 4.64E+04| 2.32E+04 14:14 . 425| 4.52E+04| 2.26E+04
13:46 © 625| 4.67E+04| 2.34E+04 14:17 400| 4.50E+04| 2.25E+04
13:49 650 4.65E+04] 2.33E+04 14:19] - 375| 4.26E+04| 2.13E+04

All counts taken with the detector's operational check source activated.

Nommal Check Sou

Pen‘ormed

se is 84 mR/h

i/

by

Date M 1
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Plateau Data

897A-210 Serial Number 100762

Ao

All counts taken with the detector's operational check source activated.

Ascending Plateau ™"~ = ~ 1 “-Desending Plateau -
time H.V. counts CPM time - HV. counts CPM -
12:56 375| 0.00E+00| 0.00E+00]  13:48| . B50| 2.34E+04| 1.17E+04
12:58 400| 2.14E+04| 1.07E+04 13:50| 625| 2.34E+04| 1.17E+04|
13:02 425| 2.28E+04] 1.14E+04 13:56 600] 2.35E+04| 1.18E+04
13:05 450| 2.32E+04| 1.16E+04 13:59 575| 2.33E+04| 1.17E+04
13:12 475| 2.31E+04| 1.16E+04 14:01 550| 2.33E+04| 1.17E+04
13:16 500| 2.32E+04| 1.16E+04 14:04] =~ 525| 2.33E+04| 1.17E+04
13:19 525| 2.35E+04| 1.18E+04] -  14:06 500| 2.31E+04| 1.16E+04
13:24 550| 2.35E+04| 1.18E+04 14:09 475! 2.32E+04| 1.16E+04
13:37 575| 2.35E+04| 1.18E+04 14:12 450| 2.31E+04| 1.16E+04
13:40 600] 2.35E+04| 1.18E+04 14:15 425| 2.27E+04| 1.14E+04
13:43 625| 2.37E+04| 1.19E+04 14:17 400| 2.16E+04| 1.08E+04
13:46 650| 2.37E+04] 1.19E+04| " 14:20 . 375/ 0.00E+00] 0.00E+00

.Page 69 of 74

Nominal Qheck S%onse is 45 mR/h )
Performed by [ d,//k—g pate_3 /2 4’/ o/
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Repeated Count Rate Q@IE

897A-210 Serial Number 131

time counts CPM

8:05 4.45E+04 | 2.23E+04
9:08 4.43E+04 | 2.22E+04
9:10 [ 4.42E+04| 2.21E+04
9:12 4 43E+04 | 2.22E+04
9:15 4 .45E+04 | 2.23E+04
9:26 4, 44E+04 | 2.22E+04
9:30 |4.44E+04|2.22E+04
9:33 4 46E+04 | 2.23E+04
9:42 4, 44E+04 | 2.22E+04
9:45 4.45E+04 | 2.23E+04

All data taken at 575 VDC operating voltage

All data taken using detector's operational check source

Performed by 0 UM

Date Z2-9-0/
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Repeated Count Rate Data -

897A-210 Serial Number 132

time counts CPM

11:14 | 4.66E+04|2.33E+04
11:17 | 4.67E+04 | 2.34E+04
11:20 [ 4.63E+04 | 2.32E+04
11:23 | 4.67E+04 | 2.34E+04
11:27 | 4.66E+04 | 2.33E+04
11:32 | 4.66E+04 | 2.33E+04
11:35 | 4.63E+04|2.32E+04
11:38 | 4.63E+04| 2.32E+04
11:40 | 4.67E+04 | 2.34E+04
11:43 | 4.66E+04| 2.33E+04

All data taken at 575 VDG operating voltage

All data taken using detector's operational check source

Performed by, O [\/M

Date 2 -9-¢0/
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Repeated Count Rate Data

897A-210 Serial Number 100762

time counts CPM

10:12 |2.31E+04| 1.16E+04
10:14 |2.33E+04| 1.17E+04
10:18 |2.31E+04| 1.16E+04
10:38 |2.33E+04| 1.17E+04
11:09 |2.31E+04| 1.16E+04
11:12 | 2.31E+041| 1.16E+04
11:14 |2.32E+04| 1.16E+04
1116 | 2.31E+04| 1.16E+04
11:24 |2.31E+04| 1.16E+04
11:27 | 2.31E+04 | 1.16E+04

All data taken at 575 VDC operating voltage

All data taken using detector's operational check source

Qualification Report 950.366
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R.E. Ginna Nuclear Power Plant Response to RAI Dated August 28, 2002
Enclosure

Attachment 2

DA-EE-2001-009 Electrical Factors Analysis for PCR 99-004
(FMEA for CREATS Actuation Instrumentation)
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Revision Status Sheet

Revision Affected

Number Sections Description of Revision
0 All Original.
1 Throughout Incorporate design changes, such as isolator addition, fuse

addition, wire size changes. Additional technical detail
added for single failure analysis, separation, and isolation.

2 Throughout Incorporate design changes for PCR Revision 1.

DA-EE-2001-009 Page 2 of 17 Revision 2



1.0

1.1

1.1.2

1.1.3

1.1.6

1.1.7

1.1.8

1.1.9

1.1.10

1.1.11

Purpose

The purpose of this analysis is to demonstrate that electrical factors associated with the
construction of PCR 99-004 meet the requirements for electrical design for Ginna
Station and Generic Design Criteria Ref. 3.2. The following sections list the factors
that will be analyzed in this document. PCR 99-004 Revision 1 changes are

incorporated.

All circuits, existing and new, that are impacted by this design will be analyzed to
show appropriate cable properties, including sizing, shielding, grounding, and
insulation. (See Section 7.1)

Cable separation and isolation between Class 1E and non-Class 1E equipment will be
shown to be appropriate for the related equipment. (See Section 7.2)

Conduit sizes will be shown to be adequate to meet the cable fill requirement
specifications. (See Section 7.3)

The selection of relays to be used will be shown to have the proper electrical
parameters, including coil voltage rating, contact voltage and current ratings, and
adequate amount of contacts. (See Section 7.4)

Switches selected for use will be shown to have appropriate contact configuration and
ratings for the applications. (See Section 7.5)

The instrumentation will be shown to have appropriate ratings for input and output
parameters, including operating voltage, output contact ratings, and signal outputs.
(See Section 7.6)

Overcurrent protection will be analyzed to show proper fusing and coordination with
other protective devices. (See Section 7.7)

Panel loading will be evaluated to demonstrate that no load ratings will be exceeded,
and any impact on the loading of upstream supplies is addressed. (See Section 7.8)

The design will be reviewed to ensure that there are no adverse effects from electrical
noise on the performance of the equipment, including surge suppression requirements
for relay coils. (See Section 7.9)

The control logic for the design will be reviewed to ensure that it fails in the safe
position for postulated power failures. (See Section 7.10)

The electrical design will be reviewed to demonstrate that no single failure can cause
the loss of both trains of isolation logic or prevent the system from isolating. (See
Section 7.11)

DA-EE-2001-009 Page 3 of 17 Revision 2



2.0

2.1

3.0

3.1

3.2

4.0

4.1

4.2

4.3

‘Conclusions

The design and all electrical components specified in the design of the modification for
PCR 99-004 Revision 0 with associated MDCNs, and Revision 1, are adequate and
appropriate, consistent with design requirements for the electrical factors described in

Section 1.0 of this analysis.

Design Inputs

PCR 99-004 Revision 1 and associated attachments, including circuit schedules issued

for construction and Bill of Material.

Generic Design Criteria, Electrical/I&C Plant Changes, EWR' 10275, Rev. 0.

Referenced Documents

Drawings

RG&E Drawings:

Drawing # Sheet
SK21946-0546SH1-1

SK21946-0546SH2-1
SK33013-2784-1
SK33013-1618SH1-2
SK33013-2004-1
SK33013-1860-4

Circuit Schedules

CS.# CS. #
R4522 R4523
C5529 C5530
C5545 C5551
C5552 AU0235
AUO0235A AU0235B
AU0239 AUO0239A
AU0239B C3505
C2621
Codes And Standards

DA-EE-2001-009 Page 4 of 17
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43.1

43.2

43.3

434

4.3.5

4.4

44.1

44.2

443

4.4.4

44.5
44.6
44.7

44.8

449

4.4.10

4.5

4.5.1

Ginna Station Updated Final Safety Analysis Report (UFSAR).

1EEE 141-1986, "Recommended Practice for Electric Power Distribution for Industrial
Plants".

IEEE 384-1981, "Standard Criteria for Independence of Class 1E Equipment and
Circuits".

IEEE 446-1980, "Recommended Practice for Emergency and Standby Power Systems
for Industrial and Commercial Applications".

IEEE 946-1985, "IEEE Recommended Practice for the Design of Safety-Related DC
Auxiliary Power Systems for Nuclear Power Generating Stations".

Equipment Information

Vendor Manual, VTD-A4057-4001, Analytical Technology, Inc. vendor literature,
publication SS-B14RC, (1/97), and O&M manuals Series B-14 Monitor System Rev.

R, and UniSens Rev. G.

Vendor Manual, VID-12677- 4101 and VTD-V0115-4101 , Inovision (V. ictoreen),
Model 956A-201 series Ratemeter and Model 897A series GM Detector.

Cutler-Hammer Quick Selector Catalog 25-000, Type BF and BFD Relays, July 1995.

Square D, Type KA-1, Class 9001 Auxiliary contacts for SE with Type K push-button
switches.

Brand-Rex Industrial Wire and Cable, publication PC-8101.
Buss Fuses, Full-Line Condensed Catalog FLC, January, 1989,
OT?2 Switches, Westinghouse Electric Catalog, 25-000, March 1977.

WESCO Lamp, information contained in DA-EE-99-047 Attachment 5, DC Load
Survey.

Potter & Brumfield, attached data sheet (Attachment 5) from unidentified catalog.

NUS Instruments, Specifications for Analog Isolator Modules, Spec.: Data sheet
attached (Attachment 6).

Correspondence

Letter from James P. Brozek of Bussmann to Joseph E. Pacher, "DC Voltage/AIC
Rating of Fuses", dated 12/10/90.

DA-EE-2001-009 Page 5 of 17 Revision 2



452

4.6

4.6.1

4.6.2

4.7

4.7.1

4.7.2

4.73

4.74

4.7.5

4.7.6

4.1.7

4.7.8

4.7.9

5.0

6.0

6.1

7.0

7.1

Bussmann Correspondence, Steve Shaffer to John Kowal, "AC/DC Fuse Spec", dated
1/3/91.

Plant Procedures

GC-76.9, Installation and Inspection of Electrical Equipment, Raceway and Electrical
Supports.

GC-76.10, Installation, Testing, and Inspection of Wire and Cable.
Miscellaneous References

National Electric Code, NFPA 70, 1999.

PCR 98-097, Control Room Radiation Monitor Noise Suppression, Rev. 0.
Design Analysis, DA-EE-98-157, Cable Sizing Criteria, Rev. 0.

Ginna Procedure PT-17.4, Control Room Radiation R-36, R-37, R-38 and Toxic Gas
Monitor Operability Test.

Ginna Alarm Response Procedure AR-E-11, Control Room HVAC Isolation.
Design Analysis, DA-EE-99-063, PCR 99-001 Electrical Factors Analysis.
Design Analysis, DA-EE-2001-047, Instrument Bus Electrical System Evaluation.
Topical Design Basis - Electrical Independence, Rev. 0, 6/19/97.

Design Analysis, DA-EE-99-047, 125 VDC System Loads and Voltages, Rev. 1.

Assumptions
None

Computer Codes

None

Analysis
Cable Properties

Cable selection and sizing will be per Ref. 4.7.3, "Cable Sizing Criteria Design
Analysis", which specifies the factors and derating amounts to consider in sizing and
selecting conductors and routing through trays and conduits. Those factors will be

DA-EE-2001-009 Page 6 of 17 Revision 2



7.1.1

7.1.2

adhered to throughout section 7.1.
Power and Control Cables

The total power consumption requirements of all components in the new 120 vac
circuits are tabulated in DA-EE-2001-047 on the appropriate Twinco Panel tables.
Attachment 8 breaks out the loading to the portions of the circuits fed by each portion
of the circuits shown on drawings SK21946-0546SH1-1 and SK21946-0546SH2-1.
The maximum possible current to any individual portion of the circuit is 1.93 amps.
The cable specified in the circuit schedules for power and control is #12 copper
conductor. The new power cable is routed in conduit between the RMS rack and the
Aux Benchboard. In accordance with reference 4.7.3 the tables in the National
Electric Code shall be utilized for cables this size. In accordance with NEC Table 310-
16 the rated ampacity for #12 AWG cable in a 104 degree F ambient is 27.3 amps (30
amps*0.91 temp derating factor). Therefore, the proposed new power cables have
adequate ampacity for the expected current requirements.

To accommodate pin connectors on the back of the ratemeter, the control circuit to the
output contacts of the ratemeter were changed to #16 awg SIS wire. Per NEC 3 10-16,
the rated ampacity in 104 degree F ambient is 16.4 amps (18 amps *0.91 derating).
This has adequate ampacity (above the 2 amp maximum current) for this circuit.

The existing power cables from the Twinco distribution panels to the RMS racks
(Circuit Schedules C2621 and C3505) are #12 and #14 copper respectively. They are
routed in tray and conduit, so must be derated by a factor of 0.35 per reference 4.7.3.
C2621 (#12 awg @ 30 amps*0.91 temp derating factor * (.35 tray derating)
results in an ampacity of 9.55 amps.
C3505 (#14 awg @ 25 amps*0.91 temp derating factor * 0.35 tray derating)
results in an ampacity of 7.96 amps.

Per reference 4.7.7, the existing maximum load on either of these circuits is 5.7 amps,
which already includes the above loads, except the isolators were upgraded from
SCA100 to SCA300, resulting in 0.09 additional amps. The additional load of 0.09
amps results in a new total load of 5.8 amps, which is within the ampacity of the
existing cables.

Grounding will be performed per procedure GC-76.9. The grounding has been
reviewed and is consistent with the vendor recommendations.

All specified cables are rated 600 volts. All power and control circuits are 120 Vac or
125 VDC. Therefore, all cables have an adequate voltage rating for the specified
applications.

Detector/Ratemeter Instrumentation and Power Cables

DA-EE-2001~0089 rage 7 of 17 Revision 2



7.13

7.2.2

The cable used to provide power and signal between the ratemeter and the detector is a
special cable supplied by the vendor, specifically for this equipment. It has been sized
and tested by the vendor for use in this application. Installation and connections will
be made per vendor instructions and drawings, to be included in the PCR package

outputs.
PPCS Cables

All PPCS cables will be wired using #16 twisted shielded pair cable (#16TSP),
including connections between isolators and ratemeters. This is adequate for the 4 - 20
mA currents that are carried by these cables from the instrument to the MUX
connections. Internal RMS rack wiring requires the use of #22 awg for the pin
connectors to P6, the ratemeter analog output connection. The #22 wire will go from
the connector approximately three feet to the terminal deck where it transitions to the
#16. The #22 wire is appropriate for use for a 4 - 20 ma signal.

Cables to PPCS will have the shields appropriately connected for analog points to
ensure no impact on the 4-20 ma signal, consistent with plant computer wiring
practices.

Cable Separation

A review of the design of the electrical systems associated with the proposed design
has been performed to demonstrate that compliance with the requirements of IEEE Std
384, “IEEE Standard Criteria for Independence of Class 1E Equipment and Circuits”.
A and B train components have been separated into separate compartments in the
Auxiliary Benchboard and the RMS racks, so there is physical separation between A
and B train redundant components.

Redundant trains of wiring are routed in separate train-specific conduits for the
interconnection of all equipment where the cables have to route outside of cabinets.
When cables enter enclosures, such as the Auxiliary Benchboard or Radiation
Monitoring System (RMS) racks, wiring is installed to maintain physical separation
between redundant trains of wiring. Where cables are routed through the cabinets to
the compartments containing components of the opposite train, the minimum 6"
separation is maintained. The “defense-in-depth” design concept that results in the
cross-connection of the redundant trains has resulted in a number of cables that are
associated with both trains. Separation is maintained up to the points of
interconnection between the two logic circuits (relays and terminal blocks). In the
RMS racks, the cables have been designated as being associated with the train in
which they are logically connected to the isolation initiation relay (if in the R81A
circuit, then A train cable). These cables are designated associated to that train and
separation from the other train is maintained except at the point of termination at

terminal blocks.

In the Auxiliary Benchboard, the cross train logic is encountered where contacts are

DA-EE-2001-009 Page 8 of 17 Revision 2
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7.2.5

7.2.6

connected in series from R81A to R81B for signals to the individual isolation devices
(dampers, fan, MCB annunciator). The connecting cables go directly from an A train
device to a B train device, and since they are not train specific at those points,
separation cannot be maintained, so the cables are routed together, separate from all
other train specific cables. Since the points of connection between the two trains is the
relay contacts, isolation can be credited since relay contacts are considered qualified
isolators per IEEE 384 section 6.2.2.2).

There is no physical way to separate the wires to these non-train specific points at the
contact terminals from the train specific wires to the relay coils. This has been
determined to be acceptable per a review of the logic and the Auxiliary Benchboard
layout as follows: The wiring in the Auxiliary Benchboard cabinet is for the logic to
the isolation relays. A review of that logic wiring demonstrates that any fault in the
cabinet that causes failure of a wire will result in an opening of the associated circuit.
Any open circuit will result in the isolation relay to drop out, automatically causing the
initiation of the safety function to perform and put the CREATS in isolation. This is
true for either a single train failure or a failure that propagates between both trains due
to less than optimal separation. There is not a credible failure mode that would result
in a condition in which faulted or failed wires in the Auxiliary Benchboard would
prevent the safety system from performing its execute function if an actuation signal
was present. The only way to prevent the system from performing this function would
be for 120 VAC being applied to the logic circuits of both trains within this cabinet,
energizing the relays even after the output contacts of the initiating devices (ratemeter
or manual pushbutton) have opened. There are only a few wires that are still
energized after an initiation signal in a manner that could cause this type of unlikely
““hot short” in either logic train, where a wire could be disconnected and contact the
relay with 120 VAC. Since the two R81 relays are in separate compartments in the
Auxiliary Benchboard, there are no points where such a condition could also cause a
second wire of the other train to fail and energize the opposite train’s R81 relay. In
addition, failure of any wires in the Auxiliary Benchboard due to inadequate separation
between the trains can not propagate back to the ratemeters and cause themto failina
manner that would prevent the system from performing its safety function.

Wiring for the radiation monitoring cabling, for power to the ratemeters, and for signal
wiring between detector and ratemeter, maintains the minimum separation criteria of
IEEE 384 between wiring of redundant trains. Outside of enclosures, the cable is
inside of conduits that provide the physical separation between trains. There are only
A Train or B Train cables in any conduit, and any non-1E circuits are routed with
either train in the conduits carrying safety related circuits are train specific associated
circuits that are physically separated from or electrically isolated from the opposite
train. In the RMS racks, the minimum 6 inches of physical separation is maintained
between redundant trains for power and signal wiring.

No new power or control cables are run in cable tray. A Train components are
powered from an A Train power supply (IBPDPCBE from INVTCVTA) and B Train
components are powered from a B Train power supply IBPDPCBC from

DA-EE-2001-009 Page 9 of 17 Revision 2



7.2.7

7.3

7.4

INVTCVTB). Existing cables from IBPDPCBC and IBPDPCBE to RMS racks were
not moved, existing separation criteria for these cables remains.

New PPCS circuits will go through an optical isolator to provide isolation from SR to
SS systems, but will be installed safety related from the RMS rack to the CREP panels
in the Turbine Building. To that point, they will be meet the separation requirements
of the Safety Related portion of the design as they will be treated as associated circuits
for the train they are associated with. When these circuits reach the CREP panels, they
will be terminated on fuses to provide electrical isolation so that the two trains can be
run in the same conduit as non-Safety Related cables. The optical isolators are
qualified safety related devices, and they are rated to protect the radiation monitors
from damage due to fault, short circuit, or open circuit. The non-safety portion of the
circuit downstream of the isolation devices to the MUX equipment share a common
conduit. This is acceptable because they are beyond the fuses providing electrical
isolation, and there is no requirement for redundancy to the PPCS equipment.

Conduit Fill

Conduit fill will meet the specifications in the National Electric Code Ref. 4.7.1,
Chapter 9 Tables 1 and 4. Power and instrument cable diameters and areas are from
vendor documentation Ref, 4.4.5. 10/C special cable provided by Inovision has 0.675"
o.d. per reference 4.4.1.

Conduit Sizing / Fill Determinations

Conduit fill limits are listed in NEC Chapter 9 tables 1 and 4. In attachment 4 the
calculated cable fill for each conduit being installed is calculated. Cable
diameters were taken from Cabletrak database which lists cables used in the plant
and specifications taken from purchase orders and vendor documentation.

Attachment 4 shows that all conduits are within the fill limits.

Relays

Two additional AC relays (R81A and R81B) will be installed in the control
circuits for this modification. These relays require 120 VAC coils. The contacts
from these relays will be installed in 125 VDC circuits and 120 VAC circuits, so
their contacts need to be appropriately rated.

A review of the control logic demonstrates that the maximum DC load on the
relay contacts will be on contact number 1, which supplies control power to MCC
K position 1F circuit for the control room air handling unit supply fan. This
circuit has a maximum DC load of 0.38 amps, consisting of a motor starter,
solenoid, and a lamp (Load values taken from Reference 4.7.9). The AC relay
contacts will be subjected to a maximum load of a single BF relay coil, with a
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power requirement of 0.6 amps. Type BF relays have been selected for this
application. The coils are rated for 120 VAC +10%/-15% and the contacts on
these relays are rated for 1.1 amps at 125 VDC, and 6 amps at 120 VAC
(reference 4.4.3, attachment 2). These rating are acceptable for the specified
application.

Existing relay R80B will still have one contact in the 120 VAC circuit. A review
of the control logic demonstrates that the maximum load on the relay contacts will
now be 1 BF relay which has a power requirement of 72 VA (0.6 Amps) at 120
VAC. R80B is a Potter & Brumfield Type KRP11DY relay, with a contact rating
of 5 Amps at 120 VAC (attachment 5). This rating is acceptable for the specified
application.

Handswitch Ratings

The selected handswitches, , Westinghouse OT2 switches, have contacts rated for
6 amps at 120 VAC, and are rated up to 600 volts. As the table in 7.1
demonstrates, the maximum current on any circuit could be 2.07 amps.
Therefore, these switch contacts are adequate for this application. See Reference

4.4.7.
Instrumentation Ratings

The A17 Power Supply modules being used to power the existing Toxic Gas
System instrumentation has an input voltage range from 85 to 270 volts, AC or
DC, per Ref. 4.4.1. This system will now be supplied from Instrument Bus power
via the RMS racks, at 120 VAC, so the change in power source does not impact
the Toxic Gas equipment.

The Radiation Monitoring equipment requires 120 VAC power, +/- 10% (108 -
132 VAC) per Attachment 1. That is within the regulation range of the Instrument
Bus Twinco constant voltage power supplies, which by Tech Spec are required to
have an output voltage of 115.6 to 124.4 VAC. Ref. 4.7.7 contains voltage drop
calculations for the existing circuits. The voltage drop from the Twinco to the
RMS racks is much less than 1 volt, and the small load being added by this
modification will not significantly impact that calculation, so power supply
voltage will remain appropriate for the connection of the new ratemeters.

Alarm relay contacts in Model 956A-201 ratemeters are rated 5 A at 120 volts
AC, per attachment 1. These contacts will be subjected to a maximum possible
Joad of 1 BF relay, which is 0.6 amps (see 7.4 above). Therefore, these contacts
are adequately rated for their expected load.

The ratemeter analog outputs are rated 4-20 ma. Each of the two outputs on each
ratemeter will drive a single input on the isolators RY-A and RY-B. Each isolator
input channel has an input impedence of 249 ohms. The ratemeters are rated to
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drive 500 ohms maximum load. Therefore, the ratemeters are adequately rated for
the analog output devices they are connected to. The isolator outputs are rated to
drive 1050 ohms on the 4-20 mA signals. The PPCS output point has a 250 ochm
resistor at the MUXATP. The isolator is therefore adequately rated to drive the
PPCS point. This is consistent with the existing connections to the PPCS in the

MUX Auxiliary Terminal Panel.

Coordination / Isolation and Fuse Sizing

Safety related fuses will provide isolation between the safety related equipment
(R-45, R-46, R-10A, R-11, R-12, R-29, R-30, RK-78) from non-safety/safety
significant equipment (toxic gas, isolators RY-A and RY-B, plus radiation
monitors R-10B, R-13, R-14 and associated isolators and relays). The fuse sizing
was shown to be appropriately designed in reference 4.7.6, and the new power
source does not change any of the analyzed characteristics. The 3 amp fuses used
for each circuit and circuit section are adequately smaller than the next upstream
protective device, the breakers in IBPDPCBC (15 amp) and IBPDPCBE (20 amp)
supplying the new system, so there is coordination between these devices. The 3
amp fuses are also adequately sized to carry the loads as shown on Atttachment 8
(maximum load on any fused section is 1.93 amps, which is less than 80% of fuse

size).

Attachment 3 shows the coordination of protective devices between the fuses,
breaker, and conductors.

Isolation of the Safety Significant PPCS from the Safety Related Radiation
Monitors, which are connected at the analog output port, will be provided by
optical isolation devices rated to protect the radiation monitors from damage due
to fault, short circuit, or open circuit. The power supplying the isolators is
supplied by the instrument bus circuits described above, and are electrically
isolated by fuses. The new fuses used for isolation of power to the PPCS isolation
devices (RY-A and RY-B) are also rated 3 amps and will coordinate with the
breakers and conductors as described above.

Panel Loading

Panel IBPDPCBC is supplied by 2.0 Kva Twinco voltage regulator MQ-400C,
and panel IBPDPCBE is supplied by 2.0 Kva Twinco voltage regulator MQ-400E.
Design analysis DA-EE-2001-047, reference 4.7.7, has detailed equipment rating
and loading information, which already incorporates the loading added in Rev. 0
of the PCR. Rev. 1 of the PCR only adds more load due to RY-A and RY-B
having 0.09 amps additional. The loading on Atttachment 8 shows the loads of
each individual device, where it is supplied from, and the total Joading to each
fuse. MQ-400C and MQ-400E have maximum allowable loadings of 16.9 amps
each. The existing load is 14.31 amps on MQ-400C, with 2.59 amps of margin.
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There is 11.89 amps on MQ-400E, resulting in 5.01 amps margin. The addition of
the new SCA300 isolator with an additional 0.09 amps of load will not exceed

these margins.

DA-EE-2001-047 shows a maximum load of 1.72 amps to RMS-3 on breaker
IBPDPCBC/11, and5.70 amps to RMS-1 on IBPDPCBE/1. With the addition of
the new style SCA300 isolators, they remain well below the 15 and 20 amp
breaker ratings of those positions. ’

Electrical Noise Reduction

Instrumentation cabling has been provided by the vendor. Per Electrical
Specification EE-171, the system has been tested to meet the EMI/RFI testing in
accordance with EPRI TR-102323-R1. The equipment will be shipped with a test
report demonstrating the equipment with supplied cabling meets that standard.
PCR package outputs reference the vendor documents which provide instructions
for configuration and connection of all cables and shields to maintain the
configuration used to meet these standards.

PPCS connections for analog signals will also use shielded cable and connections
per normal construction practices utilized for PPCS inputs. These measures
should adequately address instrumentation noise issues.

To avoid potential disturbances caused by the actuation of isolation signals,
Quencharc surge suppressors will be installed across the coils of relays R81A and
RS1B in the control circuits to dissipate energy from relay coils when the contacts
open. The Quencharcs across the contacts installed previously will be removed as
the single Quencharc in each logic string on the relay coil will provide the
appropriate surge suppression for each circuit. This is consistent with installation
on related circuits in PCR 98-097, Ref. 4.7.2.

Control Circuit Logic

The overall control circuitry has been designed to maintain the fail-safe
operability of the original Control Room HVAC Isolation system, including inputs
from both the toxic gas monitors and the new radiation monitors. In all modes,
failure of a component due to loss of power (which typically causes a component
to return to its de-energized state) will result in the controlling contacts to open,
resulting in de-energization of the controlled device, ultimately resulting in the
CR isolation dampers returning to their de-energized position, which is in the
isolation mode. Loss of power to any component, or to the total circuit, will
result in a CR HVAC isolation being initiated.

Single Failure
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Attachment 7 is a block diagram of the control logic for actuation of a control
room isolation. The design incorporates both redundancy and cross-train
initiation. In summary, there are two redundant trains of isolation logic, each with
a manual and automatic isolation device. Any device (A or B manual or A or B
automatic) will initiate a CR isolation in BOTH trains. In this way, for any
actuation, if any downstream device fails, the opposite train will still receive an
actuation signal. The following sections were taken from the document attached
to the Tech Spec Amendment RA], titled "Conformance to IEEE Std 603 for
Modifications Associated with License Amendment Request", dated April 26,

2002.
Single Failure Criterion.

The proposed safety system will perform all required safety functions for a design
basis event in the presence of (1) any single detectable failure within the safety
systems concurrent with all identifiable but non-detectable failures; (2) all failures
caused by the single failure; and (3) all failures and spurious system actions which
cause or are caused by the design basis event requiring the safety functions. The
guidance of Reg. Guide 1.53 and IEEE Std 379 was used to evaluate the system
design for single-failure adherence.

The safety function reviewed under the scope of this modification is the initiation
of a Control Room isolation signal. The portion of the system enveloped by this
review is from the radiation detectors in the air intake duct through the output
contacts on the isolation relays in the Auxiliary Benchboard. It includes the
power supplies and all inter-connected non-Safety related components. It will not
include the isolation dampers and charcoal filter units controlled by the isolation
relays - they are beyond the scope of the modification and their design has not
been changed by this modification. Final post-modification functional testing
does include testing of these devices to ensure that they perform their safety
function and were not impacted by the changes.

The protective action that is a result of the proper operation of this system is to
provide initiating isolation signals to the isolation devices from the isolation
relays upon detection of radiation levels above the setpoints.

There are two redundant safety groups, A train and B train, that are capable
independently of performing that function. Each functioning component in each
group has a redundant component in the other train. There are two detectors, two
ratemeters, two initiation relays, and two manual isolation pushbuttons, with
power provided by two separate power supplies. The redundant relays result in
two separate output contacts to each of the isolation devices, each contact capable
of providing the signal to the isolation device to go to the isolation position.

The design of the system demonstrates that independence between the two safety
groups has been established. For initiation of the signals, there are no shared
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components. Each train is powered by a separate power supply, cables run in
separate train-dedicated conduits, each relay will operate irrespective of the state
of the other relay, manual isolation pushbuttons will provide isolation signals
irrespective of the other button or of the status of the automatic isolation signals.

The design of the logic includes cross-train signal connection so that an initiating
event on A train (automatic or manual) will initiate an isolation signal to both
relays, and likewise for B train. This was incorporated in the design to provide
additional redundancy, so that failure of one relay would not prevent a high alarm
from the detector of the other train from initiating an isolation. The points of train
cross-connection only add redundancy , and there is no resultant single-failure
point caused. The points of cross- connections are limited to the wiring of
normally open device output contacts into the actuation circuit of the other train.
There is no manner in which the normally open contacts can fail that will disable
the opposite train’s actuation logic.

Mounting of all redundant components in the same structures (such as both
detectors in the duct, both trains of logic in Auxiliary Benchboard, both trains of
conduit sharing conduit supports) has been performed in a manner to preclude a
single component failure (mounting bolt, etc.) from causing both trains to fail,
including design basis seismic events.

The power supplies to the separate trains are independent, separated, and highly
reliable, being fed from completely independent UPS systems. There is no
common wiring point from the ratemeter location back to the ultimate supply
source. Electrical protection in the form of breakers and current limiting
transformers have been analyzed in design analysis DA-EE-2001-047 to be
appropriately sized to protect all equipment, further reducing the potential for
failure on one train of power propagating to devices on the other train. DA-EE-
2001-047 also demonstrates the capability of both power supplies to
independently supply power adequate for the operation of all equipment required
to perform the safety functions. For further protection, all devices powered by the
power supplies are configured so that on a loss of power, the output of the devices

goes to the isolation initiation state.
System Portions Analysis (section 6.2 of IEEE 379)

Both trains of equipment have outputs that supply a signal to the non-1E Plant
Process Computer System (PPCS) and non-1E radiation recorders. These signals
are analog outputs from each ratemeter to communicate radiation levels to the
PPCS and the recorders, and this is a non-safety related function. A failure in
either the PPCS or a recorder is prevented from causing a common failure in both
ratemeters by insertion of independent qualified 1E optical isolators in the circuits
that connect the ratemeters to PPCS and the recorders. The isolators themselves
are isolated from the 1E power supply to them by putting 1E fuses in the supply
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circuit.

Both trains of isolation actuation logic have signals from the non-1E toxic gas
monitoring system (contacts from the toxic gas system processing modules).
These signals and power to the toxic gas power supplies are all isolated from the
safety related portion of the design by qualified fuses.

A review of the logic demonstrates that there is no single failure point in the
circuitry. Refer to Attachment 7 for a block diagram of the system design. The
conclusion is that there is no single failure in the system logic that will cause
failure in the channels or actuation circuits that would cause loss of the safety

functions.

Devices in the isolation logic circuits are configured to fail so that any de-
energized equipment will fail to the position that provides an isolation actuation
signal. Power cannot be maintained incorrectly on the actuator system terminals
and cause a loss of safety function because multiple normally open contacts in
series provide the actuation signal to the isolation relays, and the isolation relays
output contacts likewise are normally open in the control circuits of the associated

dampers.

SK21946-0546SH1-1 and SK21946-0546SH2-1 diagrams of this design, and the
series of normally open contacts is apparent. This series of open contacts, coupled
with the cross-train connection of the output contacts to each isolation device,
provides assurance that even the mechanical failure of contacts to open upon a
loss of power in one relay will not prevent the isolation function from occurring
due to the opening of the contact in the other train of isolation initiation.

The connection of electrical power supplies is completely independent. The
malfunction of a power supply in a manner that results in a high voltage would
only impact a single train, again due to the cross connection only being via
normally open contacts so that no voltage is being supplied from one train to the

other.

All other systems or components that are coupled to these safety systems have
been integrated so that they cannot fail in a manner to degrade the safety system.
Maintenance bypass switches are designed and installed in the circuit so that a
contact block failure will be detected by the indicating lamp associated with each
switch. The bypass functions for each train have been connected with separation
from the opposing train, and all components qualified and installed safety related.

SRP Appendix 7.1-C Section 6 contains discussion of scope of review beyond
IEEE 603 Single Failure Criterion as it pertains specifically to digital 1&C
equipment. The concerns with digital equipment in that section are centered
around the sharing of data, functions, and process equipment inputs such that a
design using shared databases and process equipment has the potential to
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propagate a common-mode failure of redundant equipment. This design feature is
not applicable to the radiation monitors that are being installed as part of this
modification. The redundant monitors do not share any data or process equipment
inputs. The two monitors operate independently, with train-specific inputs from
the detectors. The output alarm contacts that provide the protective functions will
operate independently of the status or signals associated with the redundant train.
Therefore, the digital nature of these monitors does not lead to the propagation of
a common-mode failure of this type. The second concern of digital 1&C systems
is that software programming errors can defeat the redundancy achieved by the
hardware architectural structure. In the application of digital technology for this
installation, the software functions are very limited in how they impact the
system. The digital functions that are part of the safety functions are 1) the
calculation of a dose rate based on input signal from the detector, and 2) the signal
to the alarm relay to operate to change output contact states, based on user-set
alarm setpoint. These two functions have no other inputs or variables other than
the dedicated detector signal for that ratemeter. Both of these functions are
completely tested before installation by the manufacturer, at the time of
installation by post-modification calibration and functional testing, and at normal
operating intervals via Technical Specification required channel checks, channel
operability tests, and scheduled calibrations. All of this monitoring and testing
throughout the operating range of the unit provides assurance that the software
functions utilized to initiate the protective functions are properly programmed and
operating for each unit, and that there is not a software programming error that
will occur that will prevent the equipment from performing its safety function in a
manner to cause both units to fail at the same time.

Conclusions

The design shown in PCR 99-004 Revision 1 construction package as defined
above meets technical operational requirements. The electrical factors described
in section 1 above have been evaluated and have been demonstrated to be
adequate and appropriate for installation and operation.
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Specifications (Universal Digital Ratemeter)

i - jversal Digital Rate-
The Victoreen Model 956A-201 Universal Digital

mcicr (lUDR). when connectedtoa Victoreen Model B97A-
2XY Geiger-Muclier (GM) tube detector, compnscs &
monitoring sysiem which operates over a five dccadc
jdes display, control, and annuncia-

range. The UDR provides QS annt
tion functions for the monitoring system, and will display

readings in the range of 10310 10° mR/.

Standard features for the instrument cosist of a three digit
display of the radiation valucanda multi-colored bargraph
indicator which covers the entire range of the UDR. 'I‘h_c
bargraph will change color in the event of an alarm condi-
on (green for normal, amber for warning, and red for
high). Front pancl alarm sndicators and rear panc] relay
outputs for alarm annunciation are also included. Front
panel pushbuttons arc provided to apply power, dis.play
alarm limit set points, acknowledge alarms, and acuvate

the check source.
Analog outputs of 0 - 10 Vdc (1) and 4 - 20 mA (2) arc
provided for recording and computer monitoring. The
outputs may also be used to drive 2 remote meter or a local
(i.e. near the detector) indicator.

All clectronics required to interface with the VICTOREEN
897 A series GM detector are included within the 956 A-201
UDR. The electronics consist of a high voltage power
supply, Jow voltage DC power supply and the hardware/
software required for UDR operation. The system also
includes an overrange indicator to preclude the possibility
of on-scale readings when the radiation field is beyond the

range of the detector.

Main Display Three digits with backlighted radia-
tion units display and floating deci-
mal point. Three digits plus expo-
nent for data entry/display.

Bargraph Display

(Dynamic Range)  Three segments per decade, 107 to

10° mR/h (24 segments), wri-color,
indicating channel status.

HIGH, WARN, FAIL, RANGE

HIGH, High Alarm hmit
WARN, Wam Alarm hmit

Alarm Indicators

Pushbuttons

Activates radioactive Check Source
and associated green LED indica-
tor. “Momentary Non-Latching
pushbution operation”

Check Source

Alarm acknowledgment: causes
alarm indicators 1o go to a sicady on
state afier acknowledgment

“Alarm Ack

" 600D Cochran Road . Cleveland, Ohio 44139 -
Attachment____/

Page_—

Power ONOFF

Relay Outputs

Altemate action pushbution for AC
power 10 the unit

(Fallsafe operation) HIGH Alarm - 1 sct. DPDTrated 5

HYV Output

A @ 120 Vac (one set 120 Vac
powered for use with optional local
alarm)

WARN Alarm -2 sets. DPDT rated
5A @ 120 Vac

FAILAlarm -2 scts. DPDTrated 5
A @ 120 VacDC. Contactraung for
allrelaysis 5 A @ 29 VDC

300 Vdc - 1800 Vdc @ 0.4 mA

-

Check Source PWR +15 Vdc @ 20 mA

Analog Outputs

Alzrm Ack Input
Detector Input
Accuracy

{electronic)

Dimensions
HxWzxD)
Weight
Power

Operating &
Storage Temp.

Relative Humidity

Compatible
Detector

Hest Loadmg

Accessories &
Aux. Equipment

335 = Phone 216-248-9300 « Fax 216 - 248-8301

41020 mA (2) (500 ohms Max.) and
010 10 Vde (1k ohm Min.), logarith-
mic. Mzy be scaled for any one
decade (Min.) tothe full range of the
unit (Max.)

Optically isolated DC input

Digital pulse, up to 2000 feet from
UDR, 50 ohm input impedance

+ 1% digit (£ 1% of the displayed
value), exclusive of the detector en-

crgy response

35in.x56in.x13.5in. (89 cm x
142 cm x 34.3¢cm)

Approximately 3.7 Ib. (1.67 kg)

120 Vac £10%, 50/60 Hz. 28 waus
(240 Vac optional)

32°Fo122°F(0°Cto+ S0°C )

010 95% non-condensing

897A Series, GM (Geiger Mueller

" tube)

Approximately 96 BTU/

A -E€-200 \-ccq Rev,

X

z_?i



. ith
The Model 897A GM Detectoris df:sxgncd o operale wi
the Victoreen Mode! 956A-201 Universal Digital Rateme-
1er (UDR) or with other Victoreen readouts. Each detector
measures a five decade TANES. Three_mcasurcmcm ranges
are svailablc: low, medium, and high. The low range

covers 10 to 10° mR/h, the medium cOVErs 10" to 10 mR/

b, and the high covers 1010 10° mR/b. The Model 897A
detector may also be used with the Victoreen Model 960

Monitoring System equipment of the

Digital Radiation

Vsctoreen Model 856 Analog Readout.

Detector

Dimensions 7 1/8 x 3 inches (18.1 x 7.6 cm)

Weight 11b. (0.45 kg)

Housing Material )
897A-210, 897A-220, Aluminum, weatherproof
897A-230 Alumisum, weatberproof

897A-211, 897A-221, Stainless Steel, weatherproof

Stainless Steel, weatherproof

897A.231
Fill Gas
897A-210, 897A-211  Neon/ Argon/ Halogen
897A-220,897A-221  Helium /Neon/ Halogen
897A-230, 897A-231 Helium / Neon / Halogen
Wall Thickness (bare tube)
897A-210, 897A-211  32-40 mg/em’
897A-220, 897A-221  80-100 mgfem?
897A-230, 897A-231  80-100 mg/cm’
Mounting ‘Wall mount
Mating Connectors 897A-2x0:
92-7005-17A. 12 Pin Female
92-7005-12A. Bushing
92-7005-9A, Clamp
897A-2x1 (stainless sieel):
92-7005-15A, 12 Pin Female
92-7005-12A, Bushing
92-7005-13A, Bushing
Required Cable Victoreen P/N 50-100 or
equivalent withtwocoaxial con-
ductors, 1wo twisted pars, and
overall shield.

| External Pressure Limit 30 psig
Storage Temperature  -10°to 122°F (-23° 10 50°C)

Operating Temperature -10" to 122°F (-23" 10 50°C)

Relative Humidity 010 95% non-condensing

6000 Cochran Road ¢ Cteveldnd, Ohio 43139 -3385 © Phone 216 - 248-9300 © Fax 216 - 248-9301

500- 650 Vdc (supphed by digr-

Operating Voltage
tal ratemeter) I
Plateau Length 100 - 150 Vdc
Plateau Slope i
§97A-210,897A-211 0.1 %/V
897A-220, 897A-221 2%V
897A-230, 897A-231  0.3%/V
Dead Time (Approximate)

45 microseconds
28 microseconds
20 microseconds

897A-210, B97A-211
897A-220, B97A-221
B97A-230, 897A-23]

Measurable Radiation
897A-210, 8974-211 10210 10°mR/h — -
897A-220, 897A-221 10710 10°mR/M
897A-230, 897A-231 10° 10 10° mR/h

Detector Element Life  Exceeds 1000hours at full-scale

Energy Dependence of

Reading +/-15% from 100 keV to 1.5
MeV

Detector Accuracy + 20% of scwal dose for Cs-
137

Radistion Detected Gamma rays, X-rays

Preamplifier

Input Impedance >100 k-ohms

Output Impedance 50 ohms

Output Pulse Polarity  Positive

Output Signal (50 ohm) +5 Vdc square-wave

Low Voltage +15 Vdec (Optional +10 Vde is 4
jumper selectable)

Power Requirements  +15 Vdc @ 20mA

Maximum Cable
Length 1700 feet
Electronic Exposure
Life Approximaiely 10° rads
Discriminator Level Adjusuable from O to +2 Vdc
{nominal value = 0.5 Vdc)
Anti-Jam Level Adjustable from 0 to +3Vdc
Anti-Jam
Oscillator Freq. Approximately 50 kHz
Analog & Digital
Monitor Configuration Divide by 2, squarc wave out-
ut
Optional Monitor P
Configuration Raw pulse output
(jumper sclectable)

SA-EE-200i 00T Rev.pH
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Area Radiation Monitor GM Detector .
Model 955A .

T emgw - WM -

Features
Range: 5 decade between 10 and 10° mR/h

Energy Response: 15% from 100 keV to 1.5 MeV
«  Life Expectancy: Up to 10° Rads

No external power needed at detector location

o  Preamplifier integral with detector

+  Scismic tested with high reliability

Readout may be remotely located up to 1700 feet
« Single cable between readout & detector

+ 8 micro Curie *Cl check source

Introduction

The Victoreen Model 955A is 2 single-channel area radia-
tion monitoring system capable of operaung over the
ranges of 10?10 10 mR/h. 107 10 10* mR/h, or 10%10 10°
mR/h. depending on the detector selected The system
monitors gamma radiaton over 2 5-decade range and
provides indication when the radiation level decreases
below a fail threshold. exceeds a warn set point. exceeds
a high set point, or exceeds an overrange set point. The
overrange feature provides two significant benefits. First,
1t prevents the system from displaying an on-scale, but
inaccurate, reading should the detector become saturated.
Second, it lessens the risk of damaging the detecior by
disabling it during an overrange condition. Relay outputs
arc available to activate alarm annunciators. Analog
outputs are available for trend display on a strip chan
recorder or computer. Inaddition, the moniloring system
has an intcgral check source to verify operational integ-

nty.

e 6000 Cochran Road « Clevéland, Ohio 44139 -3385 « Phone216-248-8300 » Fax 216 - 248-5301

9554-0S

P _ ps
"D -EE- 2001 509 2"-‘*%_“75

Attachment
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The system consists of a Model 897A series Geiger-
Maueller (G-M) Tube Detector with integral preamplifier
and the Model 956A-201 Universal Digital Ratemeter

(UDR).
Application

Area monitoring is used for the detection of X-Ray or
gamma radiationin a selected area. The monnorshould be
used in any area location where personnel may be exposed
10 an adverse amount of radiation. Applications include
nuclear reactors, accelerators, hot cells, irradiators and
any area where radialion sources are handled. These
monitors can be used as single channel monstors or grouped
together as a multi-channel area monitoring system.

Specifications (Jon Chamber & Preamplifier)

Victoreen 897A-series GM detectors use a thin walled
Geiger-Mucller tube 1o detect ionizing radiation. Each
897A-senes detector has a GM wube. a check source, and
a preamplifier. The check source is a low-level radioac-
tive source actuated by a +15VDC meter movement. The
preamplifier provides the pulse conditioning and cable
driving capability necessary o dnve 2 Vicioreen 956A-
201 senes digital ratemeter.

All 897 A-series detectors are funclionally identical. They
differ only in housing material. tube type, and range. The
897A senes detectors operate inthe voltage range between

500 - 650 Vdc.




INDUSTRIAL CONTROL RELAYS

Fixed Contacts
) Cat. Nos. BF and BFD
WHEN ORDERING SPECIFY COMPLETE RELAY ™\
. BF 300 Vot Ac BFD 250 Volt Oc
Catalog number of basic relay. . . Type of Contact ‘ Basic Relays Basic Relays
: a coﬁ voltage other than listed is required, select the Nug;ber ype N20/60 1l 120 bc Cot
suffix code from the Coil Voltage Table and substitute it tor Poles NO NG o0 T T
the last letier in the catalog number. ] (Form A)} (Form B)| Number Number
Example: BF80V for a 110/60 ac coil. 2 0 BF20F $72. | BFD20S 5102,
2 1 7 1 1"F 72, 118 102,
C RIPTI ON 0 2 02F 72. 028 102.
DES 3 0 BFAE_ | 84, | BFDS0S | 114.
e 8F and BFD relays are compact —_— 3 2 1 21F 84, 218 | 14,
industnal control relays. ideally sutted 1 g g: 3_ zég 1 u
for machine toof and similar applica- 0 : :
uons where size is a factor. Type BF ] 0 BF40F 96. | BFD40S | 126.
1ts maximum 3 1 31F 96. 31s | 126
s ac operated, 300 volts ma : 4 2 2 22F 8. 228 | 14,
and the BFD is dc operated, 250 volts, 1 3 J3F %. 335 | 125.
Fed contact relays are available in 0 4 04F [ 9. 04S | 126.
any combination of NO and NC from B 0 BFGOF 108. | BFDBOS | 138.
wo 1o twelve poles. The NO and NG 5 1 S1F 108. 515 | 138.
contacts are eleclrica“g isolated :r}d 6 g % 43%; 132. gss ) 11%%
ithout ard to . .
poth can be used without reg 2 4 20F 108. 24S | 138
polanty. _ 0 6 06F 108, o6s | 138.
gF and BFD relays have caplive 8 0 BFBOF 132. | BFDBOS | 162.
clamp termmals fully _accgssnble from 7 1 F 132. 718 | 162
the front. a molded coil with low oper- 8 g ;23 §§F }g%' §§§ }2%
ating temperature, and stlver alloy 3 4 aF 108, ats | 138,
contacts suitable for c:ow voltag'e l;:'Ir- 0 8 D8F 132 08S | 162.
cuits. Overlap contacts are available. 0 BF100F 156 1 B 5
All contacts feature the exclusive 180 3 12’5; 1% Fmggg }gs
< elf-wiping" action on eve osure. )
- ’ i o2lE| R
4 1 4 1
UL/CSA 2 8 28F 156. 28S | 186.
UR. UL File No. E18223 12 0 BF120F 180 | BFD120S | 210.
y : . R 8 4 BAF 156 84S | 186.
CSA certified, File No. LR39402-6, LR28548-10, 11 " (7; g zg,; l?,‘é gg ﬂ%
OPTIONS — 1t 7 57F [ 180 575 | 210.
Code Letter or Price a 8 AsF 180, Ass | 210
Descriphon Catalog Number|  Adder NOTE Relays listed above with equal number of NO and NC contact poles are
FASTON Push-on Terminals -; insert specially priced — 1 NO and 1 NC pole are supplied at no additional charge.
°f~ after rel designation in
l'xest}:t; catalog nu:\ybteyr?eExample. BFF20F $1.50
OrBFDF20S. . 0eiiiernarorearanaeses F per pole SPECIFICATIONS
Overlapping contacts — NO contact Rl —
closes beto?e corresponding NC contact BF HELgY ELEtCT CAL RATINGS - NEMA ‘:/3\00
opens — supplied as NO/NC set(s) in- Volts Maximum Curren aximum
ser‘I letze‘r:;glaner relgz tyg,e&u ﬁ;'\gmmﬂ 18 Cont. | Make | Break Make Break
inhste og number. ’
BFA22F or BFDAF225 ... ccvveennaas A per set 120 :8 gg g_ ;g% ;gg -
Filler Relay — empty refay case for P RATINGS
g e e Othr roays cannol (UL RECOGNIZED) DG RATING — NEMA P300
0. , W n
DEUSE ouvuvennnsccnsecsernaraass BFOD 18 Prase Ac Volts Volts Maximum Current Maximum Make
15 | 230 Cont. | Make | Break | Of Break VA
COIL VOLTAGE TABLE ; 1/5 142 ;gg gg 01515 1.1 :gg
BF Coils BFD Cotls
RESISTIVE RATING COIL POWER REQUIREMENTS ™\
Voits Ac Hz Sutfix Code Vois D¢ Suftix Code 125V dc: 3 amperes : 12 VA closed
12 60 H 6 c 250V dc: 1.5 amperes Oc: 12 watts, 250 vo! um
24 60 i 12 D
48 60 Jd 24 L
110 60 v 48 M
4%928 0 6(?/%0 é 1g 350 lﬂl
2
240 % 3 I ¥ Attachment =2
CONTINUED NEXT PAGE
DISCOUNT SCHEDULE 1€D-1 DIMENSIONS, Page {426 / L, ) . "
L L Ul o~ E- A
July 1995 L-21

OA-EE- 2001009 Rex. ﬁ- g}

L CAT. NOS. BF, BFD INDUSTRIAL
CONTROL RELAYS



Fixed Coniacts

INDUSTRIAL CONTROL RELAYS
Cat. Nos. BF and BFD @

CONTACT ARRANGEMENTS FOR BF, BFD RELAYS

NO. = Normalty Open  N.C. = Normally Closed

2 Poles 3 Poles 4 Poles
2NO. [ 1NO.JONO.| 3 N.O.J2NO.[1N.O.|ON.O.| 4 N.O.| aNO.|2N.O. | 1NO.| ON.O.
2NC. |INC.|2NC.{ONC|INC. oNC.[3NC.]ONC.IINC |2NC. | 3NC.{4NC.

T e s

6 Poles . 8 Poles

CAT, NOS. BF, BFD IND
!conmomems' USTRIAL

6 N.O.]5 N.O.]4 N.O.{3N.O.|2N.O. 8 N.O.J]7 N.O|6N.O.| 5 N.OJ4 N.O.| 0 N.O.
ONC.{1NC IN.CT 3;.C. 4NC ?OTNTCT T‘ITNCj ;NC? SYN.C. 4N.C.|8N.C
~ (T ~ LT -
e SHIEHIRHIEHRET T IR R R 22
10 Poles 12 Poles
SNO|ENC|oNC  lanolinolaNeleNolrNGeNe
o (TERE IR
o THENHD  HORIEIRHRRE
e STHEGH HHTHOHH AT

Attachment A

Page_ & of 2
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Time in Seconds

Current in Amperes x 1 at 0.12 kV.
i

1000 1 T 77 T 1 1T T711 ] T T T T
4-LVCB WEST GB,GHB 1 POLE 7
WEST GB,GHB 1 POLE —
Plug 15 —
1004~
2-Cable ]
10 114 AWG (CU)
— CROSS LINK POLY. .
N |(1/phase) 0.12kV _
- \‘ 3-Cable
_ 12 AWG (CU)
- CROSS LINK POLY.
— |(1/phase) 0.12kV
\ .
&
\ )
O S S T 1 1 1 | | I R | | | Py 1
5 1 10 100 1000 10000
FUSE CURVE APPLIES TO PLOTTING VOLTAGE 0 12 kV
BUSS KTK OR KLM TYPE BY: / e S
DA-EE-2001-009 REV.2 PAGE2DF 2 NO. PCR 99-004 REV.1

ATTACHMENT 3

DATE: 5-2-2002




Time in Seconds

Current in Amperes: x 1 at 0 12 kV
1000 =117 N R NAN N T T T T IR B S I T T T
u o) 4-LVCB WEST GB,GHB 1 POLE 7
0% ESTGB,GHB 1 POLE ]
X Plug-20 —
100~ -
(2-Cable
10 |14 AWG (CU)
o CROSS LINK POLY. =
| (1/phase) 0.12kV _
= 3-Cable
— 12 AWG (CU)
- CROSS LINK POLY.
- {(uphase) 0 12kV
N\ _
&
) 3
A —
7 e T 1 ] | Lyt | | | I T A I
5 1 10 100 1000 10000
FUSE CURVE APPLIES TO PLOTTING VOLTAGE'0 12 kV
BUSS. KTK OR KLM TYPE BY.
DA-EE-2001-009 REV.2 PAGE 2 OF 2 NO: PCR99-004 REV. 1
ATTACHMENT 3 DATE: 5-2-2002




Attachment 4

onguic Totgh il {f - Allowable -
PO s sq.in.)’ P(squin) ¥ 7
Existing conduits with new cables in bold

C5529 1%" C5529 1-2-12 0.138 0..552" 0.814"
C5530 1-2-12 0.138
C5543 1-2-12 0.138
C5544 1-2-12 0.138

C5529_1 1 %" C5529 1-2-12 0.138 0.552" 0.814"
C5530 1-2-12 0.138
C5543 1-2-12 0.138
C5544 1-2-12 0.138

C5539 1%" C5539 1-2-12 0.138 0.414" " 0.814"
C5545 1-2-12 0.138
C5546 1-2-12 0.138

C5539_1 1" C5539 1-2-12 0.138 0.414" 0.814"
C5545 1-2-12 0.138
C5546 1-2-12 0.138

New Conduits and Cables

C5551 2" C5551 1-4-12 0.185 0.621" 1.342"
AU0235A 1-2TSP-16 0.078
R4522 10/C special 0.358

C5552 2" C5552 1-4-12 0.185 0.621" 1.342"
AU0239A 1-2TSP-16 0.078
R4523 10/C special 0.358

R4522 1%" R4522 10/C special 0.358 0.436" 1.079"
AU0235A 1-2TSP-16 0.078

R4522_1 1%" R4522 10/C special 0.358 0.436" 1.079"
AU0235A 1-2TSP-16 0.078

R4522-2 14" R4522 10/C special 0.358 0.358 1.079

R4523 14%" R4523 10/C special 0.358 0.436 1.079"
AU0239A 1-2TSP-16 0.078

R4523_1 1%" R4523 10/C special 0.358 0.436 1.079"
AU0239A 1-2TSP-16 0.078

R4523_2 1%" R4523 10/C special 0.358 0.358 1.079

AU0235A 1" A0235A 1-2TSP-16 0.078 0.078 1.079

AU0239 14" A0239A 1-2TSP-16 0.078 0.078 1.079

DA-EE-2001-009 Rev.4'2 7 Attachment4  p.1of1




- sjemens Electromechanical Components

Potter & Brumfield® Relays

o

Features

* Industry standard octal-type termmation for quxk installation

« Contact amangements from 1 Form A [SPST - NO) 1o 3 Form C (3PDT)
* Indicator lsmp end push-to-test options svailable on certan models

« The KRFA senes is the sutomated manulsctured version of the KRP

senes
o Hermetically sealed opton avadable with KR UL recogmized for Class |

KRPA, KRR KA, KR series -

5to 10 Amp

General Purpose Relay

R File E29244, E22575, EB1558 (KR Hermetic)

@ File LR15734

Coll Data ® 25°C

Div 2 Hazsrdous locations. Groups A B, C. D

N - I ;- Nominal Fower ... .| Maximum fower
KRP AC 2VA Open Models - SVA
Enclosed Models - 4VA
KRPA DC 12w Open Models - SW
Enclosed Models - 3W
KA AC ZVA .- e Open Modeis - VA
DC | 125mW per movable arm Open Models - 8W

Contact Data € 25°C

Duty Cycle: Continuous

Arrangements: See Ordenng information Table
Matsrisls: Siver or sivercadmum oxxde, with or without gold
fiashing
Expected Lis: 10 milion operstions min, mechanical, 100,000
operstions min @ rated loads

KA, KRP. KRPA UL/CSA Contact Ratings @ 25°C
{Except KR)
.. ».w__,. ": ’ P E:.:" '. :‘ - : .jh ' y .: ".’ 2 -' - :'.." N ER i t'
» -Code: " Arangsment™.. " 1i" ComtactRating
Y&L 1 2. 3 Foles 5A @ 120VAC
{Siver) . JA @ 240VAC
- 1/70HP @ 120VAC |
1/6HP @ 240VAC
G&N 1 2. 3 Foles 10A @ 220VAC
{Siver-Cad 1/2 HP @ 240VAC
Oxide} 1/3HP @ 120VAC
KRP KRPA Factory Ratings
\ Conts Cf" a .‘\?_;Q:Z “ _:,;;-.. . .... i - "" _".‘.-::-. :; §~.:-. o ~:..-.._ :;, ‘.'::-. ':
st 1 ‘Armngement’ Contstt Rating - - .
1,2, 3Poles S§A @ 28VDC, 120VAC, 80% PF
1.2, 3 Poles 10A @ 28VDC, 120VAC, BO% PF
BA @ 250VAC
KA UL Contact Ratings
CCommet:jviic oo | -
* . Code | _ Ssres - Contact Ratings*
Y KA! SA @ 120VAC, 3A @ 240VAC,
110 HP @ 120VAC, 1/6 HP @ 240VAC
G KA2 10A @ 120VAC. BA @ 240VAC

16 HP @ 120VAC, 173 HP @ 240VAC

1sted by C.5A for SA @ 120VAC BO% PF
20 ared by CSA for T0AQ 120VAC 80% PF

Initia) Dielectric Strength
Betwesn Opsn Contacts 500V rms
Betwesn All Elements: 1500V rms

Notx: See KRPA, KRP KA, KR-E Ordening Informenon 1abie on page 108

Aedrmsad S

— S
N “EE-200l —009 Lov. B4

Initial Insulation Resistance: KRR KRPA - 1000 Megohms, min
KA - 100 Megohms, min

Coll Data ® 25°C
- DCResistance (0] . | -Nominsicoll
- TAO% Ly T . Current{mA)’
6 32 188
12 120 100
1] 24 472 51
Colls 48 1,800 266
10 10,000 &< 115
220 Use 110V reizy with 10 000 O 5W Resistor n series
6 B 335
AT 12 24 168
Colls 24 85 B8s
120 2,250 175
240 9110 B7S

Operate Data @ 25°C

Must-Operate Voltags: ;
DC: 75% or less of nommal voltage K-
AC: 85% or less of nommal voltage

Operste Time {Excluding Bounce): -

15 miliseconds typical @ nommal voltage

Releass Time (Excluding Bounce):

10 rmdiiseconds typical @ norminal voltage

Environmental Data

Temperature Range:

Open Models: AC:-45°C t0 +70°C
DC: -45°C to 485°C
Enclosed Models: AC:-45°C t0 +55°C

DC: -45*C 1o +70°C

Mechsanical Data

Open Models: Solder terminals
Enclosed Models: Octaktype plug
Enclosurex Transparent polycarbonate {except KR)
Hermetically sealed metal case avalable with KR onty
Weight KA: 17 oz {48 2g) approximately
KRPA, XRP: 300z [B59) approxirnately

\]\




NUS

instruments

SPECIFICATIONS FOR ANALOG
ISOLATOR MODULES

The analog isolator module,

model number as hsted below, is a sold state signal condiioning and isolabon module with one to eight

inputs which provides from one to eight outputs electricatty isolated from the inputs. Al umits se the same basic circuits for isolation

and signal conditioning. All mutt-channe! FCA units use the same isolator PC board. The SCA and FIA use PC boards unique to thelr

applicatons. The

FIA has separate DC power supplies for each channel and therefore has electrical separaton between the outputs.

MODELS AVAILABLE:

Mode! Channels Model Channels Model  Channels Model  Channels Model Channels
SCA100 1 FCA300 4,32 FCAS00 4,3,2 ECAS00 8 FCABOO 4,3,2
SCA101 1 FIA350 4,3,2 FIAS00 4,32 FCAB00 4 FIA800 4,3,2
SCA102 1 OCA300 1 OCAS00 1 OCAB00 1 OCAB00 1
SCA103 1

INPUT, OUTPUT AND POWER RANGE CODES S
INPUT OUTPUT POWER SOURCE
CODE RANGE IMPEDANCE CODE RANGE IMPEDANCE <CODE RANGE

XX YY 2z
00 Not Loaded 00 Kot Loaded 00 Not Loaded
01 O to 100 mvdc 100M ohms 01 0 to 100 mvdc 32.9 ohms 08 B85-132vac/125vdc
02 0 to 51 mvdc 100M chms 02 0 to 51 mvdc 17.3 ohms
03 0 to 1 vdc 100M ohms 03 0 to 1 vdc 299 ohms
04 0 to 5 vdc 100M chms 04 O to 5 vdc 825 ohms
0S 1 to 5 vdc 5.2Mohms 05 1 to 5 vdc 825 ohms
06 0 to 10 Vdc 400k ohms 06 O to 10 vdc 1k ohms

—» 07 & to 20 mAdc 249 ohms=»07 4 to 20 mAdc 1050 ohms’

08 10 to 50 mAdc 100 chms 08 10 to 50 madc 660 ohms®
09 0 to 1 mAdc S0 ohms 09 O to 180 mvdc 59.3 ohms
11 0 to 20 mAdc 249 chms 11 0 to 20 mAdc 1050 ohms®
12 0 to 50 mpadc 100 ohms 12 0 to 50 mAdc 660 ohms”

13 50 to 10 mAde 100 ohms 13 1 to 5§ Vdc 249 ohms
14 variable 1M ohms 14 1D to 44.29 mAdc660 ohms
15 0 to 8 Vdc 428k ohms
16 -10 to 10 vdc 3.7M ohms Notes:

17 -2 to 15 vde 2.4M chms
18 5 to 1 Vdc 100M ohms * These are not output impedances but the output
19 3.6 te 11.6 vdcd77k ohms drive capabilities of the current output modules.

20 2 to 10 vdc 427k ohms 1.) Some combinations may require alternate
21 -2 to 2 vdc 3.5M ohms specification, consult NUS before ordering.

22 -20 to 20 mAdc 249 ohms 2.) Other input and output ranges may be available or
23 N/A can be engineered. Altermate terminal arrangements

, 24 1 ro 2 vdc 3.2M ohms and multiple output models are also available.

25 0 to 4 Vvdec 100M ohms 3.) This list is complete as of 05/98.

26 10 to 32.4 madc 200 ohms

ENVIRONMENTAL:
Amblent Temp.: 35 to 122°F (2 to 50°C) {(Norma! Operation - all specifications epply)

35 to 135°F (2 to 57°C) {No damage-Abnormal Operabon for 200 hours, may operate outside performance
specifications)
~40 to 185°F (-40 1o 85°C) (Storage)

Relative Humidity: 0 to 95% non-condensing (Operabng)
0 to 99% non-condensing {Storage)
Pressure: Atmosphenc 210 psig
Radiation Limits: 10* Rad TID gamma over forty years
Isolation: 3000 Vdc and 1000 Vac (RMS) from input to output,

Nh-EE-T

(Each input s isolated trom every other to these values)
1000 Vdc and 1000 Vac (RMS) from input to case

AMachnknt
ool -oo? Rev. &
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Fault Withstand: 480 Vac or 140 Vdc at 20 amps on any port, all ports provide isolation from any other on FIA versions. Same
specitication excep! output ports isolated from power port to 132 Vac only on all other versions.

Surge Withstand: No damage when the waveform of IEEE-472-1974 Is applied In common or transverse mode to any port.
Electrical Class: Piant protection, qualified to IEEE 323-1974/1983 and IEEE 344-1975/1987.

POWER SUPPLY:
Power: NORMAL OPERATION + PEAKX AND INRUSH
1Ch Series 100, 500 3W,7VA 5W, 18 VA (maximum)
—23 4Ch Serles 300, 350, 500, 800 8W, 18 VA 12 W, 50 VA (maxmum})
8Ch Series 600 15W, 36 VA 24 W, 75 VA (maximum)
Supply Voitage: 85 1o 132 Vac, 47 to 63 Hz or 11010 170 Vde. Harmonics of power ine frequency, to the 21st harmonic,
compnsing up 1o 6% of the total voitage, present on the power supply port, have no effect on the module output.
JOLERANCES:

Temperature Eftects: Less than 0.025% of output full scale change for & 1°C change in temperature.

Time Response: Less than 5 msec from applicabon of é'siep change at the input to a change in the output {resistve load) of
63% of the final value. (Filters bypassed or not in the circult)

Accurecy. 20.10 of output full scale, repeatable to 0.05%.
Linearity: 0.05% of output full scale
Freq. Response: DC 10 20 Hz (120 Hz for ac inputs) or as specified (5 kHz maximum)

PHYSICAL:
Senes 100 Version: (Encapsulated, surface mount, single channel model)

Size: 7.5'w x 6.0°h x2.6°d
Weight:  Approximately 6.8 tbs

__>>> Senes 300 Version: (Encapsulated, surface mount, multi-channel model)
Size: 7.5'w x 8.0°h x2.6d
Weight:  Approximately 9.4 Ibs

Series 350 Version: (Encapsulated, surface mount, muiti-channe! independent output model)
Size: 8.5'w x8.0'hx2.6°d
Weght  Approximately 11.5 Ibs

Senes 500 Version: (Shelf or rack mount, single or multi-channel model)
Size: 2.78'w x 7.00°h x 13.75'd + 0.75" front clearance

Weight  Approximately 4.8 bs

Series 600 Version: {19* rack mount, muiti-channel model)
Size: 17.0'w x 1.72°h x 13.25°d
Weight  Approximately 9 s

Series 800 Version: (Shelf or rack mount, single or muit-channel mode!)
Size: 337w x 9.50°h x 15.25°d + 1.25" front clearance
Weight  Approximately 5.3 Ibs
800: Yellow power LED and 0.080" pin style test jacks
801: Red power LED and banana style test jacks

FOR ADDITIONAL INFORMATION CONTACT:
NUS INSTRUMENTS, INC.
440 WEST BROADWAY

IDAHO FALLS, ID 83402
PHONE (208) 529-1000

ALL SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT PRIOR NOTICE.

Dh-E6 toot-o0d Rev. 2 ttachment___{o
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CR RADIATION INTAKE MONITORING INSTRUMENTATION

(PROPOSED)

EXISTING CR INTAKE DUCT

: "A" SENSOR "B" SENSOR ;

TRAIN "A’ opCS TRAIN "B"
1E POWER — PPCS ——— 1E POWER
A" " INDICATION INDICATION™™% | B
RAD RAD
MONITOR MONITOR

r
"A" MANUAL Y ol
ISOLATION Q ,Bsom'fg;}'-
”A" '< » "B"
ACTUATION ACTUATION
1/4 ) 1/4

ISOLATION AND DA-E E-2001- 00
CHARCOAL FILTER Reew. ¥ &
DAMPER & FANS A e copns3 T

P'\ bQ— \




\a

* TRAIN B (Twinco C)
IBPDPCBC/11 (C3505) This circuit also feeds CREPB instrumentation.

Safety Related:

R-30 40 VA

R-46 40VA 80VA 0.67.amps
Non Safety (FURMSS):

RK-79 50 VA

RY-B 18VA 68 VA 0.57 -amps
IBPDPCBD/05 (C2665) (Twinco D)

R-15 40VA

R-16 40VA

R-17 40VA - -
R-18 40VA

R-19 40VA

R-20A 40VA 339 VA 2.83-amps
R-20B 40VA )

K850-R15 17VA
K850-R16 17VA
K850-R17 17VA
K850-R18 17VA
K850-R19 17VA
K850-R120B 17VA

TRAIN A (Twinco E)
IBPDPCBE/01 (C2621) This circuit also feeds CREPA instrumentation.

Safety Related:

R-29 40 VA 80°VA 0.67:amps
R-45 40 VA
Safety Related: S4): Non Safety (FURMS3):
R-10A 40VA R-10B 40VA
R-11 40VA R-13 40VA DN - - 2001- 00t Pv. T
R-12 40VA R-14 40VA
K850-R10A 17VA K850-R10B 17VA
K850-R11  17VA K850-R13  17VA 8
K850-R12 17VA K850-R14  17VA
RK-78 50VA RY-10A 7.14VA Attachment
RY-11 7.14VA i |
RY-12 714va  Page L O —
RY-10B 7.14VA
.RY-13 7.14VA
RY-14 7.14VA
RY-A 18VA
221.0 VA 1.84 amps 231.84 VA  1.93 amps

S:\teams\nog nes\electrical\swift\pcr 99-004 CR Radiation Monitor\PCR Revision 1\RMS fuse loads.wpd ~ 4/19/02
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Control Room Radiation Monitor Specification

Ginna Station
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1.0 Scope

1.1 This spccification defines the performance requirements, associated testing and
documentation for two duct mountcd control room air intakc radiation monitors.

1.2 The monitors will be used to continuously monitor radiation lcvels in a 42 inch
diameter control room air intake duct. They will be used to inform the control
room when a predetermined limit is exceeded. They will provide an isolation
signal to the control room dampers and a signal to initiatc the control room air
filtration systcm. The plant process computer system (PPCS) will receive an
analog input from cach monitor. A recorder will reccive a voltage input from
cach monitor. N

1.3 They arc safety related and shall be supplicd in accordance with the requirements
of 10CFR50, Appendix B.

1.4 They shall be supplicd ncw (not used or rebuilt).

2.0 Referenced Codes and Standards

2.1 ANSI N45.2.2 (1972), “Packing, Shipping, Recciving, Storage and Handling of
Items for Nuclear Power Plants.” [ANSIVJASME NQA-2 (1989), “Quality
Assurance Requirements for Nuclear Facility Applications:, Incorporates the
technical requircments of ANSI N45.2.2] .

2.2 ANSI/ANS-HPSSC-6.8.1 (1981), “'Location and Design Criteria for Area
Radiation Monitoring Systems for Light Watcr Nuclear Reactors™

2.3 ANSI N42.3 (1969), “*American National Standard and IEEE Standard Test
Procedure for Geiger-Muller (G/M) Counters™

24 Updated Final Safety Analysis Report (UFSAR) for R. E. Ginna Nuclear Power
Plant

2.5 RG&E drawing 33013-0721, Control Building Ventilation Duct New Outside
Supply

2.6 RG&E Design Analysis DA-EE-99-063, PCR 99-001 Elcctrical Factors Analysis

2.7 EPRI TR-192323-R1, Guidelines for Elcctromagnetic Interference Testing in
Power Plants, 1997

2.8 EPRI TR-102348, Guideline on Liccnsiné Digital Upgrades, 1993

EE-171 Page2of 7 Revision |
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3.0 Design Requirements

KN The power requirements for cach monitor shall have a minimum allowable
voltage range of 120 Vac £10%. The maximum allowable operating voltage
range and system power requircments (Watts and Volt Amps) shall be provided
with the monitors. -

3.2 Environmental +

321 The ratemcter will be installed in RMS2 in the Control Room. Ptr Table 3.11.1
of reference 2.4, the normal ambient conditions in the Control Room are less than
104°F, 0 psig. 60%6 humidity, radiation is negligible.

3.2.2 The detectors will be mounted in the Control Room intake air duct which draws
outside air and is located in the Turbine Building. Per Section 2.3.2.2 of reference
2.4, thc ambicnt conditions in the air duct arc 2°F to 91°F, 0 psig 100% humidity.
To provide additional margin, the detectors should operate over a range of -10°F
to 122°F. :

3.23 The monitor shall mect the requirements of EPRI TR-103232-R1 and TR-102348.
The testing shall verify that the monitors remain functional with an 8 dB margin
over the generic emission measurement surveys in the guideline. (Per reference
2.7.)

33 Monitoring Range

3.3.1 In accordance with Scction 4.3 and Table 2 of reference 2.2, the required radiation
rate range eapected during routine monitoring will be 1.0E-2 to 1.0E+3 mR/lr.

3.4 Indications and Alarms

3.4.1 Each channcl shall have a pancl mounted ratemeter with audible and visual atarms
which will activate at a predetermined exposure rate.
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All contact output logic shall be fail-safe and shall actuate on a loss of power.

Per Scction 7.4 of reference 2.6, the high alarm contact outputs of cach monitor
will interface with Westinghouse BF relays which have 120 Vac coils and have a
power requircments of 12 Volt Amps.

Each monitor shall have one douﬁlc pole double throw (DPDT) high alarm output,
two DPDT waming outputs, two DPDT fail outputs. The fail outputs will be
activated upon the following conditions: no counts, loss of power. a hardwarce
failure, or detector anti-jam occurs.
The DPDT rclay output contacts shall be rated for $'amps @ 120 Vac or § amps
@ 29 Vde. b

In addition, cach monitor shall have one 0-10 Vdc output and one 4-20 mA output
that will drive a 250 ohm resistor.

Dectector
Shall be a sclf quenched halogen G/M counter.

A plot of cach dctector plateau (count rate versus voltage) shall be supplied. The
detector operating temperature limits shall be supplied. The affect of the entire
temperature operating range on the detector accuracy shall be provided.

The range of the detector energy dependence of reading shall be 80 keV to 1.5
McV. The documentation shall include the detector accuracy over this range.

Repeated count-rate measurements of a source at a fixed voltage should be made
to determine if the counter has become stabilized. To test for hystercsis, the
platcau voltage shall be traversed in an ascending and then a descending dircction
with a total clapscd time of less than onc hour.

The photosensitivity shall be tested by measuring the background counting rate
first with the counter operating in the dark and then with the counter exposed to a
statcd illumination. The results shall be included in the test report.
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Power Supply Voltages

The high voltage power supply must be capable of delivering the maximum
currcnt demand and must do so without overloading or loss of regulation. The
regulation against linc and load variations should be onc percent or better. The
ripple should be less than 100 millivolts. (Per reference 2.3.) =

Primary Calibration

This calibration shall be pc}fonned with a procedure that uses sourccs or
instruments or both that arc traccable to the National Institute of Standards and
Technology (NIST). o N

The calibration shall includc the response to Xe-133 , Cs-137 and the ratio of Xc-
133 to Cs-137. Cobalt 60 shall be used as the gamma-ray sources in tests of count
rate versus cxposure rate and current versus exposure rate. Strontium 90 can be
used for radial sensitivity measurements. The responsc shall be within +20% of
the actual exposure rate present at the detector location.

Functional Test

The monitor verification of opcrability shall utilize a check source mechanism
that contains a Cs-137 radiological source of sufficicnt strength for a detector
response that is greater than § mR/hr.

Matcrials

The detector housings shall be aluminum, weather proof.

Each dctector shall be provided with 1700 feet of shiclded cable and connectors.

The eable and connectors shall provide the maximum resistance to
clectromagnctic interference (EMI).

Fabrication

The detectors shall be supplicd with hardware suitable for mounting in a 42 inch
steel pipe (API 5L, GR. B, 0.375" wall). Reference 2.5

The ratemeters shall be supplied with hardwarc that will allow them to be slid into
and out of a 19 inch rack.

EE-171

Page Sof 7 Revision 1

N s.wb;:

- ST

- ¥ edp

: g
e
ad~




i Yo v,
'
- R -

_____

6.0 Optional Equipment

6.1 A G/M adaptcer for usc in our Inovision (Victoreen) Model 848-8 field calibrator -
shall be supplicd. This will be uscd during sccondary calibrations.

6.2 Two non-safety related ratcmctcrs shall be supplied with a 0-10 volt mput for usc
in a simulator. SR

7.0 Quality Verification Requirements

7.1 RG&E will review the test procedures and the documentation. RG&E will .
provide a source surveiilance of the primary calibration and the functional testing
of the monitors. =

8.0 Documentition ; ,

8.1 The documentation shall provide the accuracy and drift of the ratemeters
(including high alarm setpoint) and the detectors. It shall include what cffect
changes in pressure, temperature and power supply aging over a 30 month period
has on the ratemctcrs, high alarm sctpoint and detectors. 1t shall include any
random cffects that may bias the monitor’s output.

8.2 The ratemeter firmware documentation shall include revisions, functional
descriptions and any supporting test data.

8.3 The documentation shall include system interconnection drawings with details for
installing conncctors and terminating, inspecting and testing cables. 1f
applicable. include recommended cable scparation and/or routing restrictions.

8.4 A report shall document the requirements of this specification and include the
results of the primary calibration and the functional tests.

8.5 The ascending and descending detector plateau curves shall be supplied.

8.6 The high voltage power supply specifications shall be supplicd.

8.7 The reccommended periodic maintenance including but not limited to calibration
practices and frequencies shall be supplied.

8.8 A Certificatc of Compliance to this specification shall be supplicd.

8.9 For cach item, four copics of vendor manuals and drawings shall be supplicd.
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8.10 Four copics of vendor recommended sparc parts list shall be supplied.

8.0 Markings and Identification

9.1 Each ratemeter, detector, calibration source and standard ¢ g,comz.trv shall include
the manufacturcr’s namc, a scrial numhcr -
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Radiation Measurements 6045 Cochran Road
Cleveland OH 44139
Phone: 440 248-9300
FAX: 440-349-2307
www.inovision.com
www.surveymeters.com
Date: May 3, 2001
Rochester Gas and Electric Customer P.0.:4500008671
Ginna Station Inovision S.0.:157033

Ontario, NY 14519

ITEM PART DESCRIPTION QTY

NUMBER NUMBER

00010 S157033A Assy, Air Intake Radiation Monitor Lot
Consisting of: S/N

la 897A-210 GM Detector 131, 132 2

1b S157033A1 Mounting Hardware N/A 2

Ic 956A-201-M1 Ratemeter 104643, 104644 2

1d 948B-1 UDR Mounting HW N/A 2 (1 rack assy)

00040 897A-210 GM Detector 100762 1

00050 956A-201-M1 Ratemeter 104645 1

CERTIFICATE OF CONFORMANCE

It is hereby certified that all articles herewith in the quantities as referenced by your

purchase order were manufactured in accordance with the requirements of the purchase
order and utilizing previously approved Quality Assurance Manual Version 003, dated
10/9/00, and specifications and drawings applicable to that order. These items are
qualified for Class 1E Safty Related applications I.A.W. IEEE 344-1975 per Inovision
Test Report 950.366 and appendices 950.353, 353, 338, and 360.

Sincerely,
Inovision RMD

QA Manager

Formerly Victoreen and Keithley Radiation Measurements



