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Arizona Public Service Company
P.O. BOX 53993 + PHOENIX, ARIZONA 85072-3999

WILLIAM F. CONWAY 102-02886-WFC/AKK/DLK

EXECUTIVEVICEPRESIDENT

NUCLEAR March 29, 1994

U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk

Mail Station P1-37

Washington, DC 20555

References: 1. Letter dated November 30, 1993, from B. E. Holian,. USNRC, to
W.F. Conway, APS, "Summary of Meeting Held on
October 19, 1993, to Discuss Radiation Monitor Calibration
Methods"

2. Letter 102-02741, dated November 29, 1993, from W. F. Conway,
APS, to USNRC, "Reply to Notice of Deviation 50-528/93-03-01"

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, and 3
Docket Nos. STN 50-528/529/530
Technical Justification for the Containment High-Range Radiation
Monitor Calibration Methodology
File: 94-016-545; 94-056-026

Representatives from Arizona Public Service Company (APS) met in Washington DC
with the Office of Nuclear Reactor Regulation (NRR) to present the calibration
methodology, used by APS, for the containment high-range radiation monitors and to
provide a forum, at a working group level, for questions and answers. A summary of the
meeting and the overheads used are included in Reference 1. By letter dated November
29, 1993 (Reference 2), APS committed to forward to NRR the technical justification,
along with surveillance test results that correlated the performance of the containment
high-range radiation monitors to the primary calibration (performed by the manufacturer).
Enclosure 1 to this letter is the technical justification. The surveillance test results that
correlate the performance of the containment high-range monitors to the primary
calibration (performed by the manufacturer) are included in Enclosure 2.
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U. S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Containment High-Range Radiation
Monitor Calibration Methodology
Page 2

Should you have any questions, please contact Angela K. Krainik at (602) 393-5421.

Sincerely,

WFC/AKK/DLK/rv

Enclosures:
1. Technical Justification
2. Test Results Correlation to the Primary Calibration

Perkins, Jr.

cc: K E.
K. E. Johnston







ENCLOSURE 1

TECHNICAL JUSTIFICATION
FOR

CONTAINMENT HIGH-RANGE RADIATION MONITOR CALIBRATION

METHODOLOGY
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TECHNICAL JUSTIFICATION FOR CONTAINMENT HIGH-RANGE
MONITOR CALIBRATION METHODOLOGY

Arizona Public Service Company (APS) uses a transfer calibration methodology to verify
detector accuracy and operability through the use of a transfer radiation source. APS’
transfer calibration procedure is essentially the procedure specified by the equipment
manufacturer to comply with the NUREG-0737 recommendations, and is consistent with
the transfer calibration methodology used by the two other major manufacturers of
containment radlatlon monitors.

No stipulation is made in Table II.F.1-3 of NUREG-0737 that an in situ calibration needs
to fulfill the same requirements of a primary calibration. Moreover, the NUREG does not
specifically endorse the use of an external calibration source, nor does it prohibit the use
of an internal calibration- source. It simply recommends that "in situ calibration for at
least one decade below 10 R/hr shall be by means of a calibrated radiation source."
Based on correspondence and discussions with the Office of Nuclear -Reactor
Regulation (NRR), APS recognizes that NRR interprets this recommendation to imply the
use of a calibrated external source. This submittal presents the technical basis and
justification supporting the use of an alternate in situ transfer calibration methodology
using a source internal to the detector. It demonstrates that using an internal source is
technically equivalent to using an external source when performing transfer calibrations
and meets the overall intent of the in situ calibration recommendations contained |n
Table 11.F.1-3 of NUREG-0737.

.The basis for the APS' transfer calibration methodology can be expléined by examining
the following three areas:

. thé differences between primary and- transfer in situ célibrations, and the ability
of the transfer calibration source to serve as a calibrated radiation source";

. the dual role of the Am-241 source and the specific procedural requirements
imposed that allow it to be used as a transfer calibration standard; and

. . the principles of ion chamber operation that allow the use of an internally mounted
alpha emitter (Am-241) to demonstrate the accuracy and functionality of an ion
chamber used to measure external beta/gamma radiation.

Primary vs. Transfer Calibration

The purpose of a primary calibration is to quantify the performance characteristics of a
particular design of radiation detector. Primary calibrations of each detector having the
same design are not necessary as long as subsequent calibrations correlate each
detector’s response to radiation to the response measured on the specific detector that
underwent the primary calibration. This is typically accomplished using radioactive solid
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sources measured in a fixed geometry. During the primary calibration, the detector’s
response to these sources is measured and recorded. Subsequent calibrations on other
detectors of the same design require that these detectors have the same response to
the same sources (or other sources made with the same isotopes and geometry), as
measured on the detector that underwent the primary calibration. This calibration
methodology is known as a transfer calibration. The purpose of a transfer calibration is
only to verify that the response of each detector to radiation is similar to the response
measured on the detector that underwent a primary calibration. The sources used are
referred to as "transfer calibration" sources. If the transfer calibration is performed in
the field, as opposed to removing the detector from the field and transporting it to a
calibration facility, the transfer calibration is referred to as an in situ calibration.

The following describes the five basic parts of the primary calibration performed on.the
containment high-range radiation monitors used at Palo Verde.

1) Electronic Alignment - In the case of containment high-range area
monitors, this consists of setting detector operating voltage and performing
an electronic calibration of the detection channel using a suitable pico amp
current source. . This methodology is described in NUREG-0737
recommendations.

2) Energy Calibration - Since collection efficiency of an ion chamber depends
on ion density, and not on how the ionization is produced, the linearity
characteristics of the ion chamber should be independent of the type or
spectrum of the radiation involved (provided that the intensity of the
radiation field is reasonably uniform over the volume of the ionization
chamber). Furthermore, since ion chambers of a particular design can be
manufactured so that they are essentially identical, this calibration can be
performed on a "type" basis. For the containment high-range monitors, this
calibration was performed to demonstrate a sensitivity to photon energies
as low as 60 KeV and an essentially flat response of the detection system
in terms of exposure rate in the incident photon energy range of 0.1 to 3.0
MeV. The energy calibration was performed as -part of the primary
calibration and is documented in "Report of Calibration, Model KDA-HR lon
Chamber Detector (P/N 824636-001)", Kaman Report Number:
K-82-70-U(R).

3) Linearity Testing - This consists of exposing the detector to widely spaced
points in its measurement range and verifying linear response. For
containment high-range detectors, this test is accomplished for exposure
rates through 107 R/hr on a type basis for the same reasons explained
above. Linearity testing was performed as part of the primary calibration
and is documented in "Report of Calibration, Model KDA-HR lon Chamber
Detector (P/N 824636-001)", Kaman Report Number: K-82-70-U(R). Every
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subsequently manufactured detector that is purchased is tested through
10° R/hr. When these detectors are purchased, calibration data
documenting this test is supplied. with the detector. This methodology
follows the guidance recommended in NUREG-0737 and later clarified by
D. G. Eisenhut.

Primary Calibration - For containment high-range detectors, this consists
of exposing the detector in an NIST (formerly NBS) traceable gamma
radiation field and establishing the output of the detector in terms of
R/hr/famp referenced to a particular isotope (generally, Cesium (Cs-137) or
. Cobalt (Co-60)). This part of the calibration was performed in conjunction
with the linearity testing described above. Therefore, each detector
installed in the field undergoes a primary calibration (exposure through
10° R/hr) before it is shipped by the manufacturer to ensure correct
response.

5) Transfer Source Testing - This test consists of exposing the detector to a
source that will serve as a transfer standard to ensure proper operation at
subsequent field in situ calibrations. The response to the transfer
calibration source observed during the primary calibration is correlated to
the expected response in the field. As long as the responses are similar,
the detector is expected to respond to radiation in the field as it did during
the primary, calibration. The transfer calibration source becomes a
"calibrated source" when it is linked to the primary calibration by this
method. The transfer source is used only as a link of traceability to the
primary calibration and need not be NIST traceable. In the case of the
containment high-range monitor, the manufacturer records each detector
response to the internal Am-241 source observed during linearity and
primary calibration testing (throligh 10° R/hr) performed at the factory. This
information is supplied with every detector. The Am-241 source response
measured and recorded as part of the primary calibration forms the link
between the primary calibration and subsequent field calibrations making -
the Am-241 acceptable as a transfer calibration source.

While all parts of the primary calibration process discussed above are important to
quantify the performance characteristics of the detector, not all of the parts are required
to be repeated in the field in order to verify detector accuracy and operability. Due to
design configuration control, full range linearity and ‘energy response testing are
performed by the manufacture on a "type" basis. Because of ALARA considerations, the
detection efficiency and linearity of each production detector is verified to be the same

1 Letter dated August 16, 1982, from D. G. Eisenhut, USNRC, to Regional Administrators, "Proposed
Guidance for Calibration and Surveillance Requirements for Equlpmcnt Provided to Meet Item ILF.1,
Attachments 1, 2, and 3, NUREG-0737"

Page 3 of 6







as the type tested detectors through 10° R/hr before they are installed in the field. This
calibration may be performed by the manufacturer. Therefore, the in situ transfer
calibration performed on the containment high-range monitors need only consist of
electronic alignment and verification of the transfer source response in order to ensure
that the monitor is functioning accurately for its intended purpose. This overall
methodology is consistent with the specific recommendations presented in NUREG-0737.

All three major US manufacturers of containment high-range area monitoring systems
follow this calibration methodology and utilize a transfer calibration method to verify that
the detector and monitor are functioning accurately after field installation. Palo Verde
Nuclear Generating Station is no exception.

By way of comparison, Victoreen Instrument Corporation follows the methodology as
stated establishing traceability to the primary calibration through the use of a modified
version of the Victoreen Field Calibration Kit (FCK). The Victoreen FCK consists of a
Cs-137 source mounted in a shielded holder that fixes the detector to source geometry. -
The FCK is not directly NIST traceable in terms of exposure rates. Traceability is linked
only to the source response observed during the primary calibration.

GAJ/Sorrento Electronics uses a similar method in the form of their RT-11 calibrator.
Again, a Cs-137 source in a shielded holder is used. The holder is subsequently hung
on the side of the detector in a known geometry. The RT-11 is not NIST traceable in
terms of exposure rate. Traceability is only linked to the primary calibration.

Although other manufacturers decided to utilize external transfer calibration sources,.
Kaman elected to use an internal source. The Palo Verde Nuclear Generating Station
calibration method is essentially the method prescribed by the original equipment
manufacturer (Kaman) with tighter tolerances applied to the transfer source response.
In this case, the transfer calibration source consists of an Am-241 source mounted in a
fixed location within the detector itself. This source is present at all times and its output
is directly traceable to the primary calibration of the detector.

NUREG-0737 recommended that the detector’s response be verified with a "calibrated
source". All three major manufacturers of containment high-range monitors use a
transfer calibration methodology to accomplish this requirement and to routinely assess
detector performance in the field. The use of any transfer source, externally or internally
mounted, satisfies the intent of the NUREG-0737 recommendation to verify detector .
response, provided that it is traceable to the factory calibration and that it satisfactorily

demonstrates the detector and monitor are functioning accurately after field instailation.
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. Dual Role of Am-241

Am-241 is used as a check source to verify detector operability during continuous
operation. The containment high-range monitor uses the continuous current response
generated by the internal source to detect detector failure (i.e., a loss of detector signal).
This is only one application of the internal source. PVNGS calibration procedures
require the Am-241 source response fall within a prescribed range (+ 30%) of the
response recorded during the primary calibration. Under this application, the PVNGS
calibration procedures use the internal source response as a quantitative assessment
which is directly traceable to the primary calibration. . As such the PVNGS calibration

. procedure constitutes a "calibration." This iis consistent with the transfer calibration
methodology discussed above. .

Use of Alpha Emitter to verify lon Chamber éperafion

,I

An ion chamber detects radlatron via |ts mteractlon with gas’ contained within the
chamber.” This interaction produces ions and electrons in an electric field that eventually
are detected as a current response between the detector’s electrodes. The type of gas
in the detector, the type of radiation, or the energy of the radiation does not greatly effect
the energy dissipation per ion pair. produced by the interaction between the radiation and
the gas. In other words, the energy dissipation of fast electrons and alpha particles is
essentially the same, and the amount of energy deposited ‘within the chamber is
proportional to the number of ion pairs formed (ion.density) by the interaction of the
radiation with the gas.> Therefore, collection efficiency of the ion chamber depends on
‘ion density produced wnthln the chamber and not on how the ionization originated.
The overall detector sensitivity to external radiation is a function of the mechanical
design of the ion chamber (i.e., construction material, wall thickness, detector diameter,
etc.). Since ion chambers of a particular model can be manufactured so that they are
- essentially identical with respect to mechanical design, the practice of type testing
detectors becomes applicable. - This is the basis for performing energy response and
linearity testing through 107 -R/hr in order to quantify response characteristics for a
particular model of detector rather than repeat the test on each detector manufactured.
Therefore, as long as the detectors are manufactured to the same mechanical design,
the only parameters that can effect the ion collection efficiency within the chamber is the
. fill gas, its purity, fill pressure, and operating voltage.

Performing an electronic alignment and subsequent linearity testing through 10° R/hr on
each detector. manufactured ensures that the mechanical design of the detector and
parameters affecting ion collection efficiency are consistent with that of the detectors that

2 Knoll, Glenn F., Radiation Detection and Measurement, John Wiley and Sons, New York, NY, 1979 (page;
152-153).

Page 5 of 6







were type tested for linearity and energy response. As part of this factory test, the
response to the internal alpha source is recorded and the information is used later in
subsequent field calibrations. When the detector is calibrated in the field it undergoes
an electronic alignment and verification of its recorded response to the transfer
calibration source (Am-241). The field test not only verifies that the ion collection
efficiency of the detector has not changed but also verifies that the response of the
detector is not affected by any inaccuracy of the electronic components used to measure
the detector output or by any factor that could challenge connector and signal cable
integrity. Because the detector mechanical design has already been verified in the
laboratory and is not altered by field installation, it is not necessary to reverify the
mechanical design by performing an in situ calibration in a known radiation field. Since
ion collection efficiency within the chamber is independent of the type or energy of the
radiation, either an alpha, beta, gamma, or beta/gamma source may be used to produce
the ionization. Therefore, the use of an internally mounted alpha source rather than an
external beta/gamma or gamma source can be used to test the parameters that affect
ion collection efficiency within the chamber and operating characteristics of the monitor.

The use of a high activity beta/gamma or gamma source mounted externally in close
proximity to the detector is not an adequate test to verify the mechanical design of the
detector with respect to overall energy response because of the highly variable radiation
fields. To test the overall energy response of an ion chamber detector, the detector
should be exposed in a known radiation field that is relatively uniform with respect to the
internal dimensions of the detector. Therefore, the use of an external transfer calibration
source under these circumstances provides no advantage over the use of an internal
Am-241 source. The same information regarding detector performance can be obtained
from either type of source. In fact, the use of a high activity external source can induce
a non conservative bias in the response if back scatter (a phenomenon caused by the
interaction of the radiation with structures and equipment located near the detector) is
not quantified or measured. The use of the internal Am-241 source eliminates back
~ scatter effects.

Finally, NUREG-0737 recommends that the response of the detector be checked at one
point below the range of 10 R/hr. The detector response from the internal Am-241
source produces a current that is within the range of 1E-11 to 5E-11 amps. Based on
. the detector efficiency of 1E+11 R/hr/amps, this response is equivalent to a response in
the range of 1 to 5 R/hr. Therefore, the current response falls within the range
recommended in NUREG-0737.
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ENCLOSURE 2

SURVEILLANCE TEST RESULTS CORRELATION
TO

THE PRIMARY CALIBRATION
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- SURVEILLANCE TEST RESULTS CORRELATION TO
THE PRIMARY CALIBRATION )

As explained in the technical justification section, the particular model of containment
high range detector used at Palo Verde was "type" tested to determine its detection
efficiency to gamma radiation; its energy response characteristics; and its linearity
characteristics through the range 10’ R/hr. Results of the type test are documented in
"Report of Calibration, Model KDA-HR lon Chamber Detector (P/N 824636-001)", Kaman
Report Number: K-82-70-U(R). Every subsequently manufactured detector purchased
“for field use was tested at the factory by exposing it to a calibrated radiation field in order
to verify (relative to the type test) its detection efficiency and linearity through 10° R/hr.
During this factory calibration, the detector response to the various radiation fields, along
with the baseline current from the internal Am-241 source, were measured and recorded
on factory calibration data sheets. The calibration data documenting this factory test
were supplied with each detector purchased and are traceable by the detector serial
number.

Figures 1 through 6 are copies of the data sheets supplied with the detectors currently
installed at Palo Verde. The data sheets contain both the keep alive source reading
observed at the time of calibration (identified on the data sheet for convenience) and the
data collected when the detector was placed in a calibrated radiation field. The specific
keep alive current response recorded during the factory calibration was incorporated into
surveillance test procedure 74ST-95Q23, "Radiation Monitoring Calibration Test for New
Scope Monitors." The surveillance test procedure acceptance criteria are + 30% of the
keep alive source response measured during the factory calibration. The specific criteria
used in the procedure are summarized in Table 1.

Table 1 - Keep Alive Source Current Data Summary

UNIT | MONITOR DETECTOR KEEP ALIVE ALLOWABLE RANGE
SERIAL NUMBER | CURRENT DURING (IN AMPS)
FACTORY
CALIBRATION
(IN AMPS)
1 RU-148 22706 1.38E-11 9.66E-12 TO 1.79E-11
RU-149 Co22711 1.16E-11 8.12E-12 TO 1.51E-11
RU-148 22709 . 1.00E-11 7.00E-12 TO 1.30E-11 '
2 :
RU-149 53364 . 2.00E-11 1.40E-11 TO 2.60E-11
RU-148 . 62165 . 2.38E-11 1.67E-11 TO 3.09E-11
3 :
RU-149 62163 : - 2.00E-11 1.40E-11 TO 2.60E-11
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Finally, Figures 7-12 are copies of the applicable pages of 74ST-95Q23 that were
obtained from the most current calibrations performed on the containment high range
monitors in all of the units. These data pages from the procedure demonstrate that the
keep alive'source response of the currently installed detectors fell within + 30%: of the
source response measured during the factory calibration.
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Figurel1 - Factory Calibration Data Sheet for Detector Serial Number 22706
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Figure'2 - Factory Calibration Data Sheet For Detector Serial Number 22711
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Model S2M 1% sl 2370% S/K |92V A0406¢
KIiC Part No, &#24434é-00a ‘ Cal, Dué Foncliouel *
Readout Type Plcaimmne abor : Check Source/Live Zero .
SSEAuTTE
Sevrcesd Qv
Mfgr, Kerfliley ~ Huclide _1(::__ Activity ,oex &
Model &/& Date (e 2
’S/N’ &2 12y A
Cal. Due __li{f._!___
- Tcst Location Powerese MNeosp, Cafibrat{on Date 4/1/?.3
Temperature 25°°C Pressurafozs=~"4  Relative Humidity . <so K
Calibration Source 1.0, Thereérow =80 N
Nuclide “#°Cv “Activity —séo20 Date i2)77
Beam Heasuring Detector: Hfgr, Surwdi Hodel AL S/H 1D =1 00D
for Verification of radfation )
~ field---HBS traceable) Type lon Ch. Certificate See addendux pg
w _ TEST DATA .
High Voftage Sétting #few v . ' Acceptance.Criteria
Other Instrument 3ettings (if applicable) LF. to A2 (107Y) MR/hr

Check Source/Live Zaro-Reading /.o #~u 4

<

Heasured Field Instrument Reading ¢ :

. GROSS NET - A/R/HR
. 798 (lOJ)mP/hr o7 &=N L, &y Y 89 &y
Tl “0 )mR/hr I 221 I 5Lty 097 A4
, 57Y (10 )mR/hr .20 &-10 k(6 &=r0 /.04 &=17
,75% (105)ma/hr 7.PY 5-1 263 g Loy &=u

Towded Wible DUM Plaka Aled. o208 s/ LV YPY , Col due 10/ v/}.s, 2 téoo ¥V, Z/p/"’

‘ . . ‘ . ' 631 |
Pe-rformch e Nate é/fA"‘B
QA =5 é% 2 . : Oate g-2/-903%

Figure 3 - Factory Calibration Data Sheet for Detector Serial Number 22709
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Kaman lnstrumenintion Corporatlon

.
NN uML e . arir riy
18-104

STANDARD PRACTICE PROCEDURE [rev,
) cege Jeoria b g

| U-2  RU-149
. 10.0 DATA SHEEI - }01 1""[- MIAR! CnL!CR{\TlGh. \.s 137

!

Calibration Date _gp.sgmps- - ‘Custemer/Channel 0o
K1 Detector Part No. EALC 6 oG M{gr. Serial No., <236+

ITEd - - MOGEL © SN cAL OugE
Picoammeter mectrty Gl¢ - [ 20357¢ ¢lro)E8
HV Supply Combcorn ’ o 06 : LeHE 6 10)2e/FC
DYM: )

Keep-Alive Current {Acceptance Limits = 0.9 to 55 x £-114):

18. Initial Reading _ .,/ (-9 Coulonbs)
20. Final Reading . us * (E-9 Coulomhs)
21, Time interval AN Second (60 seconds minimum)

22. Current = (Step 20 - Step i8j/Step 21 = Qo0 4=-27  Amperes

3.04 R/hr readings:

. 28. Initial Reading s (E-9) Coulenmbs
¢ 30. Final Reading Yo ' (£-9) Coulombs
3I. Time Interval __C2 79 Seconds (60 seconds minisum)

33. Current = (Step 30 - Step 28)/Step 31 = féc:c 4 Amperes
34, Net current (Step 33 - Step 22) = d.sit il - Amperes
35. Efficiency’(Step 34/3. 04)) 2 '}tg ., AIR/HP

30.1 R/hr readings:
41. Gross current = _ 5.20 _ E~10 Amperes,
33. Het current (Step 41 -‘Step 22) = 2.50 5410 Amperes
¢4, [fficiency (Step 43/20.1} = _ g0 _=,._:,_:__ A/R/br *

299 R/lhr readings:
§G. Gross current = 2,65  __ £-9 Amperes
§2. Het current (Step 50 - Step 22) = o ¢ [-0 Amperes

£3. thuenCy (Step 52/29S) * _gga 4omy  AR/hr s
* Acceptance Limits = 0.8 to 1.2 x €-11 &/f/hr

By By 5 Lok Date ,@5554}’5— A Q Date X=3%

Figure 4 - Factbry Calibration Data Sheet for Detector Serial Number 53364
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Aaman Inatrymontation Corporvtion !
- L)

i BIOIMENT

STA "Jhﬂa e \( ||\,£ Pﬁ(J(.‘:OUI'\& E‘-

"Calibration Dat
13

. Xl CchCgOV
b=

ITeM

pl

Picceineter
HY Sugoly
GVM

Part \o

]

‘3 EL:— qu .'.:I"_' g,

P L0005 FRERART CALIGRATION, (s-137 g
520 96 Costomar/Uhat nal LA
_823193(2;@3 2sr. Serial Xo. 2l S

, | .
MFER HOOEL siit GAL_IE
RETHCE T b6 459 6-1 56
A BilA F002 LV#E 8 s3-20 =88
FLuke . po2oA V302 7-9-87

Keeg-Alive Current {(Acceptance Limits = 0.9 to 3.5 x E-11A}

-18. Initial EBeading Lo {€-9 Coulcmds) .
- 20. Ffinal Reading (S 2 (€-@ Coulombs)
21. Time intervel __ 4o Second {50 seccrds niaimul

=
-

»

Current = (Steg 20 - Step i8j/Step 31 = _, 0238 £ -F fmparae

()

3.04 R/hr readings: .
23. Initial Reading. (.0 A€-5) Coulomds
30. Final Reading 289 {-¢) Coulombs
31. Time Interval (G Secchds (60 secords minimue) .
» 33. ‘Current = (Step 30 - Step 22)/Step 21 = _qug) £-9 Amperes
34. Het current (Step 32 - Step 22) = ,.oaz}ue‘:‘rkuperes “
35, Zfficiency.(Step 34/3.04)) = _go2 ./ A/R/hr ~
36.1 P/ﬁr readingz: )
41y Gross current = 240 _: -15 Amperes ‘
43, et current (Step 41 - Step 2 2.74.2.  €E-10 Amperes

Yy
.

259 Q/hr

efficiency {Step 63/30.1)

2Z;
‘}m E- //

»

A/R/hr *

reedings:

€C. Gross cureent = Z. 80 €-9 Ampercs ‘
52. Mat.cur-ent (Step SC - Step 22} = 2.78_ €-9 Amperes
. §3. Efficiency (Step 52/299) = 92892 ~) (" AfRjhe =
* pdceptance Limits = 0.8 te 1.2 x €-11 Ai%/hr )
/,2 /\ o
9Y/_édfu.¢¢4:f-' Date S-2n=%f QA iy ate _ T

Figure 5 - Factory Calibration Data Sheet for Detector Serial Number 62165
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o INt e, . CHO N

i
. 1 . car .
., Kamaninstrumantation Corporutlon | graNDARD PIRACTICE PROCEQURE |-~ = 5=
l PAGE jAur'd II R
10.0 DATA SHEET - K2[-1600 PRiMARY CALICRATICH, C§-137 T
Catibration Cate 20 -6 .« - Cuistomar/Channel i/
Kl Cetector Part No. - 20436 -c03 Megr. Serial No. _ £ 2/¢ 2
ITEM MFGR HGDEL . LSIR CAL OE
P
W“g:‘;‘:’:‘e" KEITHLEY - 605 /2059 cb-/-84
Yy
OVH cANBERRA  gpO2 LVYHEE  1D-20-86
FLuke %0204 LV302. .98
Yeep-Alive Current (Acceptance Limits = 0.9 to 5.5 x E-11A):
18. Initial Peading N 1s) (€-9 Coulombs)
20. Final Reading L3O (£-2 Coulombs)
21. Time Interval’ Lo second {60 seconds minimum)
22. Current = (Ster 20- - Step 18)/Step 21 = ,020 £-9 Amperes

3.04 R/hr readings: : ‘ '
i 28. [lnitial Reading l¥o) (€-9) Coulombs
30. Final Reading 2.1 (E-2) Coulomds
31, Time Interval LO Seconds (€0 .ceconds minimum)

33.. Curreat = (Step_30 - Sted 8)/Step 1l =, ,0%63 £-F -Amperes
24, MNet current (Step 33 -- Sr.ep'23) 0268 £.9 Amperes '
35, Efficiency (Step 34/3.06)) = 92222545 a/R/hr *
_ 19816 & ~1]

30,1 R/hr readings:
41. Gross current = 210 " E-10 Amperes
43. Net current (Step 41 - Step 22) = __2.90 _ E-10 Amperes
44, 'Efficiency (Step 43/30.1) = 963 &gy A/R/hr =

. 299 R/hr readings: . S
50. Gross current = R.92. -9 Amperes
52. MNet current (Step 50;- Steb 22) = __g,g@‘ .9 Af,—.peres
§3. Efficiency (Step 52/299) = _, 949 £=z( A/R/hc *
~ Acceptance Limiss =-0.8 to 1.2 x E-11 A/8/hr '

8]3@ }22:55 2 A Bate 5’-90"84‘ QA Cate KY 30 Lt

Figure 6 - Factory Calibration aData Sheet fér Detector Serial Number 62163
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NUCLEAR ADMINISTRATIVE AND TééHN;CAL MANUAL  PagesOofss

RADIATION MONITORING CA'\LIBRATION
TEST FOR NEW SCOPE AREA MONITORS

Revision
v74ST-95023 0.00

148 149

F
s k

%

= e
[ |2

UNIT 1
UNIT 2
UNIT 3

8.4.9 As Left Keep Alive

8.4.9.1

8.4.9.1.1

Using SIMS, verify that the detector has not been replaced since the last
calibration,

if the detector has been replaced, verify that the detector serial
number listed in step 8.4.9.4 matches the serial number of the
current detector. (It the detector 1s inaccessible, obtain the.
senal number from a DDC lile copy of the work package used
to repface the detector.)

8.4:9.2 At the KELIC, record the fadiation level.
ALLOWABLE 21.00 EO3 mr;hr
148/ LOBEOS - '
149/ {02 £9%
8.4.93 At the KEUIC, place the LOCAL/REMOTE keysvatch in LOCAL.
8.4.9.4 At me”KELlE:.'place the monitor in the Calibrate Mode by pressing
function keys *FTN 1 06 1 ENT", Record the lon Chamber current level
for the detector being checked, Mark the other unit detectors *N/A®.
RU-148 DETECTOR
CETECTOR ALLOWABLE RANGE AS LEFT
SERIAL NUMBER {IN AMPS) VALUE
22706 9.66E-12 TO 1.79E-11 . 1.0Tg= 1l
22709 7.00E-12 TO 1.30E-11 ,u/,
62165 1.67€-11 TO 3.09E-11 A

Acceptance Crntena (Hel. 2.2.6.3)

3

Figure 7 - Calibration Data for RU-148, Unit 1
(WO # 00591469 Completed on 9/23/93)
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NUCLEAR ADMINISTRATIVE AND TECHNICAL MANUAL  Page5tolss
: Revision
RADIATION MONITORING CALIBRATION 74ST7-95Q23 0.00
TEST FOR NEW SCOPE AREA MONITORS
148 149
RU-149 DETECTOR
DETECTOR ALLOWABLE RANGE AS LEFT
SERIAL NUMBER ' (IN AMPS) ) VALUE
UNIT 1 22711 8.12E-12 TO 1.51E-11 Ao e
UNIT 2 53364 1.40E-11 TO 2.60E-11 ~/A
UNIT3 62163 1,40E-11 TO 2.6CZ-11 | MA
Acceptance Catena (nel, 2.2.6.3) ;
é@ é IA 8.4.9.5 At the KELIC, place the monitor :n the Normal mode by pressing
function keys *‘FTN 1 C6 0 ENT",
ﬁM Hlk 8.4.9.6 At the KEUC, turn the LOCALZREMOTE keyswitch to REMOTE.
8.4.10 Restoration of Monitor
7/“’ éﬂ' 8.4.10.1 Ensure the monitor alarms and indications appear normal,
ﬂ'{ jﬁ 814.10.2 Ensure the KERIC has been returned 1o normal and all alams and
» indications appear normat.
iu f@ 8.4.10.3 At the minicomputer terminal, place the monitor On Line by typmg the
monitor number then press function key UNIT ON.
. RU-148 monitor number 42,
“ RU-149 monitor number S0.
“A N/A 8.4.10.4 For RU-148, proceed to section 8.5, RU-148 Functional Test.
N/A é[A ) 8.4.10.5 For RU-149, procead to section 8.6, RU-149 Functional Test.

Figure 8 - Calibration Data for RU-14§3, Unit 1
(WO # 00591469 Completed on 9/23/93)
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NUCLEAR ADMINISTRATIVE AND TECHNICAL MANUAL ~ Pagesoofss

Revision

RADIATION MONITORING CALIBRATION 74sT.98Q23 ° . 0.00

TEST FOR NEW SCOPE AREA MONITORS

149

148
/ " 8.4.9 As Left Keep Alive
:'a_(/! ) 8.4.9.1 Using SIMS, verity that the detector has not been replaced since the last
calibration.

8.4.9.1.1 "I the detector has been replaced, verify that the detector serial
number listed in step 8.4.9.4 matches the serial number of the
current detecior.. (If .the, detector js inaccessible, .obtain the
serial number from a LOC lile copy ot the work package used

1o replace the detector.)

8.4.9.2 At the KELIC, record the radiation level.

ALLOWABLE 21.00 EO3 mr/h

t

\1
148/ 17906%;{- E03

149/ l.po ©E03

/!
%gﬁ.l WA 8.49.3  Atthe KELIC, place the LOCAUREMOTE keyswatch in LOCAL
%g/ \ 4 8.4.9.4 At the KELIC, place the monitor in the Calibrate Mode by pressing
function keys ‘FTN 1 06 1 ENT*, Record the lon Chamber current level
_ for the detector being checked. Mark the other unit detectors ‘N/A".
RU-148 DETECTOR
) - DETECTOR ALLOWABLE BANGE AS LEFT
« ‘SERIAL NUMBER (IN AMPS) VALUE
UNIT 1 22706 9.66E-12 TO 1,79E-11 ~
UNIT 2 22709 7.00E-12 TO 1.30E-171' 3se-(1
UNIT 3 62165 1.67E-11 TO 3.09E-11 ™/

Acceptance Chiteria (Hel. 2.2.6.3)

Figure 9 - Calibration Data for RU-148, Unit 2
(WO # 00650676 Completed on 2/24/94)
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NUCLEAR ADMINISTRATIVE AND TECHNICAL MANUAL ~ Page 51058

) . | Revision
RADIATION MONITORING CALIBRATION ’ 74ST-98Q23 0.00
TEST FOR NEW SCOPE AREA MONITORS T -
148" 149
‘RU-149 DETECTOR )
OETECTOR ) ALLOWABLE RANGE AS LEFT
SERIAL NUMBER (IN AMPS) VALUE
UNIT 1 22711 8.12E-12 TO 1.51E-11 M1 '
UNIT 2 53364 1.40E-11 TO 2.60-11 Q. leE-|]
UNIT 3 62163 1408117026011 | M/
Acceptance Critefia (Rel, 2.2.6.3) .
QJ /! % J/ , .
\ 8.4.9.5 At the KELIC, place the monitor in the Normal mode by pressing
function keys *FTN 1 06 0 ENT*

%é\ 8M§ 8.4.9.6 At the KELIC, turn the LOCAUREMOTE heyswitch to REMOTE.

—~ 8.4.10 Restoration of Monitor
/\ ) 8.4.10.1 Ensure the monitor alarms and indications apbear normal,
%d/ﬂ i} 8.4.10.2 Ensure,the KERIC .has been returned to normal and all alarms and
indications appear normal. .
\ \ 8.4.10.3 At the minicomputer terminal, place the monitor On Line by typing the
- monitor number then press function key UNIT ON.

RU-148 monitor number 42.
e RU-149 monitor number S0.

8.4.104 For RU-148, proceed to section 8.5, RU-148 Functional Test.

8.4.10.5  For RU-149, proceed to section 8.6, RU-149 Functional Test.

P »

, Figure 10 - Cahbratlon Data for RU 149, Unit 2
(WO # 00650676 Completed on 2/24/94)
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» NUCLEAR ADMINISTRATIVE AND TECHNICAL MANUAL  Page 50 of 58

kev!slou

RADIATION MONITORING CALIBRATION 7457-95Q23 0.00
_TEST FOR NEW SCOPE AREA MONITORS
148 149
8.4.9 As Left Keep Alive
é )’Z 8.4.9.1  Using SIMS, verify that the detector has not been replaced since the last
) : . calibration. ’
_&_ Z“’ 8.4.9.1.1 If the detector has been replaced, verify that the detector serial
- . number listed in step 8.4.9.4 matches the serial number of the
current detector. (It the detector is inaccessible, obtain the
serial number from a DDC file copy of the work package used "
to replace the detector.)
JL 5 0{' ) 8.4.9.2 At the KELIC, record the radiation level.
ALLOWABLE 21.00 EO3 mrhr  +
L &-2-92 AL%%",_’”V"“*
148/4-;.—-4?,-565‘ . 03
, 1wy [0 EO3
lgz ;[4 8.4.9.3 At the KELIC, place the LOCAL/REMOTE: keyswitch in LOCAL.
_&_ﬂ ' 8.4.9.4 At the KELIC, place the monitor in the Calibrate Mode by pressing

function keys *FTN 1 06 1 ENT". Record the lon Chamber current level
for the detector being checked. ‘Mark the other unit detectors *N/A®.

RU-148 DETECTOR

* . . DETECTOR ALLOWABLE RANGE  ASLEFT

. .."SERIAL NUMBER (IN AMPS) VALUE
UNIT 1 22706 9.66E-12 TO 1.79E-11 - A
UNIT 2 22709 7.00E-12 TO 1.30E-11 W/
UNIT 3 62165 1.67E-11 TO 3.09E-11 BOLE-]/

Acceptance Crnitunia (Rel, 2.2.6.3)

¥

Figure 11 - Calibration Data for.RU-148, Unit 3
(WO # 00565171 Completed on 8/21/92)

3
|
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. 'NUCLEAR ADMINISTRATIVE AND TECHNICAL MANUAL ~ PageS1oafs8

Revision
RADIATION MONITORING CALIBRATION 745T-95023 0.00
TEST FOR NEW SCOPE AREA MONITORS .
148 149
RU-149 DETECTOR
DETECTOR ALLOWABLE RANGE . AS'LEFT
SERIAL NUMBER (IN AMPS) VALUE
UNIT 1 22711 8.12E-12 TO 1.51E-11 P A
TUNIT 2 53364 1.40E-11 TO 2.60E-11 pyy:
UNIT 3 62163 - 1.40E-11 TO 2.60E-11 /. 72¢e”Y

2 U
L

- 27
W /B7/3

A -

NA Gl

Acceptance Critena (Hel. 2.2.6.3)

8.4.9.5

8.4.9.6

At the KELIC, place the monitor in the Normal mode by pressing
function keys *FTN 1 06 0 ENT".

At the KELIC, turn the LOCAL/REMOTE keyswitch to REMOTE.

* 8.4,10 Restoration of Monitor

8.4.10.1

8.4.10.2

8.4.10.3

8.4.10.4

8.4.10.5

Ensure the monitor alarms and indications appear normal,

Ensure the KERIC has been returned to normal and alt alarms and
indications appear normal. .

At the minicomputer terminal, place the monitor On Line by.tvping the
monitor number then press function key UNIT ON. ‘

RU-148 monitor number 42,
RU-149 monitor number 50,

For RU-148, proceed to section 8.5, RU-148 Functional Test.

For RU-149, proceed to section 8.6, RU-149 Functional Test.

‘Figure 12 - Calibration Data for RU-149, Unit 3
(WO # 00565171 Completed on 8/21/92)
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