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Beaver Valley Power Station

'Radiation*Protection Technical Position/Evaluation/Caleulation REVISION:
Subject: No.:
Unit 1 Letdown Radiation Monitor (RM-1CH-101) Alarm Setpoint ERS- JTL-99-005

Calculation and Emergency Action Level (EAL) Value Determination

PURPOSE

The purpose of this calculation is to determine the alarm setpoints (high-high and high) for the Unit 1
letdown radiation monitor, RM-1CH-101 high range and low range channels.

DISCUSSION

REVISION HISTORY:

Revision 0:

The previous calculation of record, SWEC RP-11700-87, Rev. 0', was reviewed during an
investigation of an identified setpoirit discrepancy (ref. CR 990281%). This review discovered that, for
the high range channel, the contribution from iodine-135 to the monitor indication was miscalculated,
and the necessary correction for fluid density change between the reactor coolant system (RCS) and
the monitor sample liné was not made. These errors resulted in an overly conservative setpoint.
Using such a setpoint could lead to spurious alarms and may have contributed to the condition
described in CR 990281. Revision 0 corrected these issues & used updated parameters in the
calculation.

Revisjon 1:

This revision was made to calculate alarm setpoints that correspond to reactor coolant radioactivity
concentrations of 0.1 and .0.35 dose equivalent I-131. In addition, monitor indication that corresponds
to 300 uCi/g dose equivalent 1-131 is provided. Revision 0 was unchanged and this additional
information was provided in an Addendum.

Revision 2;

Made the same calculations as the previous revisions using efficiencies for the 843-30R detector type.
The most recent RCS design/Technical Specification radioactivity concentrations are used in the
calculations. The package text was updated.

Revision 3:

Directly calculated the DE [-131 monitor response by using ratio technique applied to the 1% FF
design equivalent concentration (3.69 uCi/g) and the corresponding calculated monitor value. Added
the letdown radiation monitor indications that correspond to an RCS concentration equivalent to 21
uCilg dose equivalent iodine-131-(DE I-131). This is done for both the 843-30.and 843-30R detector -
types. This value is proposed for use as part of the NEI EAL upgrade project for EAL SU9. Updated
references.

ADDITIONAL DISCUSSION:
The Unit 1 UFSAR? describes the licensing basis for the Unit 1 Ietdown process flow radiation monitor

(CH-101):

“The gross activity of the reactor coolant is continuously monitored by two detectors. The samples
are drawn from the reactor-coolant letdown line and delayed to permit sufficient decay of N-16 isotope
before they pass by the detectors. In this system, large variations in the activity are possible
depending upon the amount of fission products leaked to the coolant. The alarm setpoints can be set
to provide graded indications of reactor coolant activity increases. This system cam be flushed with
clean water from a flush line.inlet upstream of the sample monitor.”




Beaver Valley Power Station

Radiation Protection Technical Position/Evaluation/Calculation ~ REVISION;

Subject: No.:

Unit 1 Letdown Radiation Monitor {RM-1CH-101)} Alarm Setpoint -

Calculation and Emergency Action Level (EAL) Value Determination ERS-JTL-99-005 3

The USNRC SER? for Unit 1 states:

“The gross activity of the reactor coolant will be monitored by a low range and a high range detector
located in the reactor coolant letdown line. We believe that this system is capable of detecting gross
failed fuel and is acceptable.”

CH-101 is an off-line monitor physically located near the northeast corner of the PAB- elevation 722'.
It draws sample flow from the letdown piping prior to the system demineralizers and degassifiers. The
fluid at this point is cooled to approximately 90 °F. Additional cooling may be expected as the fluid
passes thourgh the sample line to the monitor. The sample line is equipped with a temperature
control valve that closes if the sample fluid temperature exceeds about 134+3 °F5. This calculation
will use 137 °F as a conservative value.

The original monitor configuration included two shielded gamma scintillation detectors. Channel CH-
101A. was designated as the high range channel, and CH-101B, the low range channel. The
detector/sample line geometry between the two channels was identical with the exception that a lead
attenuator plug was placed between the high range detector and the sample line. This option was
available for the low range channel should letdown fluid radioactivity be high and a redundant high
range channel desired. However, in 1981 the channels were noted to read the same, and the alarm
setpoints for the two channels were changed to be identical®.

The basis for the alarm setpoints was established in the SWEC setpoint calculation as the RCS
design maximum radioactivity concentrations which would result from operating with 1% failed fuel.

This is considered a reasonable value for “gross failed fuel”, however, no SpeGlfIC commitment to this
basis could be found. The basis for the Unit 2 letdown radiation monitor’ is an RCS radioactivity
concentration corresponding to the Technical Specification® radioactivity limit of 1 nCi/g dose
equivalent iodine 131. This difference between the Units is thought to result from the difference in
dates that the Units were licensed, and is not researched further here.

SWEC" also calculated high alarm se’t’po’int values for the high range channel. The calculation used
0.25% failed fuel as the basis. This is the only place that any high setpoint basis is provided, and no
justification is given. During the development of this calculation, Radiological Operations expressed
concern that a high setpoint based on 0.25% failed fuel would be too close to the monitor background
and requested that setpoint values be based on 0.5% failed fuel. REAP 1.105 recognizes such
situations and (Step 5.3.2.3) permits an alternative approach. As such, the high setpoint calculated
herein will be based on 0.5% failed fuel.

METHODOLOGY

The methodology used herein remains similar to that used in RP-11700-87-0. The RCS activity
concentrations (uCi/g) assumed are those activities which result from operation with 1% failed fuel®.
The list of isotopes used is identical to that in the original calculation of record with the exception of
Mn-54, which was added in Revision 0 of this package. Mn-54, along with the other activation
products which are included in this calculation, are present in such low concentrations that they have
no influence on the monitor indication.




Beaver Valley Power Station

Radiation Protection Technical Position/Evaluation/Calculation REVISION:
Subject: No.
Unit 1 Letdown Radiation Monitor (RM-1CH-101) Alarm Setpoint ERS- JTL-99-005

Calculation and Emergency Action Level (EAL) Value Determination

The activity concentrations (uCi/g) are converted to pCi/cc by applying an appropriate density
correction. Because the concentrations are expressed in pCi/g, the only correction needed is to
account for the density difference between the fluid in the sample line and the density at standard
temperature and pressure. This cotrection is applied prior to multiplying the monitor efficiency to
obtain the individual isotope count rate contribution. The individual contributions are then summed to
determine the monitor process safety limit.

The activity concentrations used to calculate this first setpoint are based on a specific set of operating
parameter values that influence the concentrations. These are related to processes that remove
radioactivity from the RCS and are, letdown flow rate, letdown filtration and demineralization
efficiencies and leakage from the RCS. The 1% failed fuel RCS concentration calculation maximizes
the activity concentrations by selecting each parameter value, within the design operation range, such
that radioactivity removal is minimized (ref. Unit 1 UFSAR Table 14B-5). Because actual operating
conditions are different, and these differences will cause the 1% failed fuel RCS concentrations to be
lower, adjustments are necessary to avoid using a non-conservatively high setpomt The adjustment
discussed above is made by assuming a typical letdown flow rate-of 105 gpm . All activity removed
from the system by letdown is assumed not to be returned. This mlmmnzes RCS rad:oactlvsty
concentrations, and adds a small conservatism to the setpoint calculation. RCS leakage is. typically
very low, and even when maximized would be low as compared to the radioactivity removal by
letdown. Therefore, the influence of RCS leakage is ignored in this calculation. To make the
correction for increased letdown flow rate, an equilibrium radioactivity removal rate while operation at
60 gpm is calculated for each radionuclide by summing the radioactive decay removal rate constant
with the letdown removal rate constant. This is applied to total RCS activity to obtain the net removal
rate (uCi/s) from the system. At equilibrium, the removal rate is assumed to be equal to the release
rate form the fuel. The sequence of this calculation is then reversed using 105 gpm in place of 60
gpm to obtain radioactivity concentrations (uCi/g) while operating at the higher flow rate. The setpoint
calculation is then repeated to determine the process safety limit when operating with letdown at 105
gpm. The calculations described above are performed for both the high range and low range monitor
configurations.

A second set of monitor indication values are provided which correspond to the design radioactivity
mix reduced to concentrations equal to a dose equivalent iodine 131 of 0.1 uCi/g, 0.35 uCilg, 21 uCilg
and 300 uCi/g. These calculations do not require any adjustments associated with changes in
letdown flow rate as the measurements are direct (the radiation monitor responds to RCS
radioactivity), rather than derived (percent failed fuel inferred by measuring RCS radioactivity). All are
calculated by simple ratio technique applied to the 1% FF (3.69 uCi/g) monitor indication. Instrument
error is not applied to these values herein. This should be done if these are later used as alarm
setpoint values.

Determination of radiation monitor alarm setpoint uncertainty used. herein is consistent with previous
similar apphcat:ons for both Unit 1 and Unit 2. Regulatory Guide 1.105" provides the basis for
instrument setpoints for safety related: systems. BVPS Unit 2 is committed to the Regulatory Guide,
while Unit 1 is not. Histarically established guidelines provide four conditions where it may be prudent
to apply uncertainty analysis to a Unit 1 radiation monitor. These are, if the monitor or setpoint, 1) is
QA Category 1, 2) initiates an automatic process control function, 3) is specifically referenced by an
emergency operating procedure, or 4) initiates manual operator action that results in a change in the
configuration of any safety related process systems.
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Radiation Protection Technical Position/Evaluation/Calculation , REVISION:
"Subject: { No.:
Unit 1 Letdown Radiation-Monitor (RM-1CH-101) Alarm Setpomt ERS-JTL-99-005

Calculation and Emergency Action Level (EAL) Value Determination

- CH-101 is referenced’in several EOPs; and the High-High alarm is-used to:determine. if fuel-damage

may have occurred which; in turn, may affect. operator actions: Although other means for defecting:
failed fuel, such as chemistry samphng and monitoring or ‘in-plant radiation levels are routinely
employed, monitor uncertainty analysis isappropriate.

As with older monitors -at Unit 1, many of the allowances which are considered in setpoint uncertainty
analyses are not provided for the letdown radiation monitor. Historically established appropriate
assumptions for some of these: Also, this defines the Total Loop Uncertainty as:

TLU'= (EA? + PA% CA? + SA? + DA% + LAZ + TA)®®

and, the Trip Setpoint as:
TSP:= AL/[1+ ~(%=TL-U) / 100 +:‘(%'-DEADBA’ND);_I 100]

Because many of TLU allowances-are not. available for the Unit 1 monitors, the uncertainty analyses
for safety related monitors is assumed to be +100%, -50%.. This.leads'to a value of 2.1 as the divisor
for the Analytical Limit (or, Process: Safety Limit). This hlgh degree of conservatism is not necessary
for the letdown radiation moniter. The assumptions used therein were reviewed against the-available
vendor documentation and are found'to be reasonable and: suifficiently conservatlve for the letdown
radiation monitor. The efrors. and uncertainty.allowances are:

Factory calibration allowance (CA;) =20%
Onsite-calibration-allowance (CAz) =10%

Sensor allowance for rate meter response (SA,) = 5%
Sensor allowance for alarm circuitry (SA;) = 2%
Process allowance (PA) = 0%

Leakage allowance (LA) =0%

Environmental allowance (EA) =0%

Administrative tolerance (TA) = 10%:

Drift allowance (DA) = 10%

Deadband = 10%

TLU = (0:207 + 0.10° + 0.05% + 0.02% + 0.10% + 0.10%)°° = 0.27 = 27%
TSP'=AL7/[1+(27/100) + (107 100)] = 1.37
See Attachment 1 for additional information concerning alarm setpoint determination methodology.

After the setpoints (Process Safety Limits) are-calculated,. each will be divided by 1.37 to obtain
setpoints having uncertainty analysis-applied.
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‘Radiation:Protection” l‘echmcal PosmonvaaIuauon/CaIculat:on } 1 = REV!SION

‘Subject: _ 1 No::

Unit1 Letdown Radiatxon Monitor: (RM-1CH~101)Alarm Setpomt 1 oo 17 ad nn \
] ."‘Calculatlon and Emergency Action Level (EAL)Value Determination ERS""JTL’QQ"OOS 6

INPUT DATA AND ASSUMPTIONS

1. 1% Falled Fuel RCS Radioactivity Concentrations (high-high setpoiit) [9]
(Refer- to: Attachment 1)
0:5%: Failed Fuel RCS: Radloactxwty Concentratiens: (hlgh setpount)
(requested by Radiological Gperatmns as'discussed above)

2. Maximum Fluid Temperature at Momtor =137 °F. {5]

3. Fluid Density at:Monitor = 61.43 Ibm/ft° [13]
Fltid Density at ST = 62.43 lbm/t’ | |

4, CH-101 Channel Efficiencies - 843-30 detector (See calculations) | [14)

4. CH-101 ChannelEfficiencies - 843-30R detector. ‘ A [Attactiment 2]

5. Letdown volume Flow Rates =60 'gpm minimum: | (10,15;16]

=105 gpm normal
6. Letdown Mass Flow Rates (calculated):

60 gpm * 3785.3 cc/gal * 1 glec * (61.43 Ibmift® 1 62.43 Ibm#t®) = 3.725E3.g/s
60 s/imin

105. gpm * 37853 cc!gal * 1 glee™ (61.43 1bmi/ftd 1 62. 43 Ibm/fta) =6.158E3.9/s
60 s/min

7. RCS Mass =1.8084E8:g [9]
(Average of mass at 100% power, 0% and 22% SIG: tubes plugged)

8. Raduon,ucllde Half-Live Times = (Refer to Attachment 1) [18]
9. RCS Technical Specification and DE I-131 concentrations corresponding to 1% FF [9)
10. Radionuclide Decay Rate: Constants | |

Calculated: =In(2) / Radignuclide-Half-Live (s)
11.. Letdown Flow Rate Removal-Constanits

Calculated: = Letdown Mass Flow Rate:(g:s) / RCS:Mass (g)
12. All radioactivity removed by the. I,'e‘tdowvn system is: assume&'no’t‘ff’to be:returned to the system.

Returned activity is expected to be small, and this assumption’is conservative for the setpoint-

calculation.

13. RCSleakage:is ignored. Leakage is typically-very low; and this influence is small.as compared'to
the removal by letdown.




Beaver Val’iey Power Station

‘Radiation Protéction Techiical’ Posmon/Evaluatxon/CalcuIanon R | - REVISION:

Subject; ' No::

Unit 1 Letdown: Radiation Monitor- (RM-1CH-101) Alarm:Setpoint RSO 1 N

Calgulation and- Emergency Action Level (EAL). Value Determination ERS-JTL-99-065 7

14. When the amount of RCS fradioatté'tiviftfy':i'sr%fain:equ'ilibrihm.; the rate of ra‘dioactfvity removal from the
system is equal to-the release raté from the.fuel.

RESULTS
'843-30 detector with updated source term:
1% FF Basis 60 gpm letdown operation {cpm) 105 gpm letdown operation {cpm)
High HighHigh. ~ High High-High
CH-101 High-Range €hannél  '3.72E+03 7.44E+03 3:03E+03 6.06E+03
CH-101 Low Range Channei “nla 1.00E+06 nfa 9:93E+05
(1.47E+6)
843-30R detector with updated source term: _ _
1% FF Basis 60 gpm letdown operation (cpm) 105 gpm: letdown operation (cpm)
High High-High High High-High
CH-101 High Range Channel  4.78E+03 9.57E+03 3.77E+03 7.54E+03
CH-101 Low Range Channe! nfa 1.00E+06 n/a 1.00E+06
(2.67E+8) . (1.70E+6)

>SWEC provided a tow range channel: h:gh-hrgh alarm. setpomt Wwith.0,05% fallét fuel Used as the basis, THe basis'is deemed ‘acceptable
andis applied to’ ‘give the final setponnts T th_g Tow range’ ‘channgl), Bez;ause the: calcu&ated low:range ‘channel setpomts are still abovethe
monitor range, the’ hkghest on-scale’ value _1.-00E6 is provxded,, vihe: ca!culated value Shown in- parenthes;s Consistent with previous
calculations, fio high: ‘sétpoitis prov;ded for the: low range.channel, Al values' are teduced for instrument'error consideration.

RM-CH-101A/B Indication Corresponding to Various'DE 1131 RCS Concentrations
Low.Range Channel High Range Channel

Updated design source term basis with 843-30 detector: (cpm) (cpm)
Page:9 monitorindication with 1% FF-(3.69 uCilg DE I-131) = 4:02E+07 1.02E+04
Monitor-indication with 0.1 uCilg DE I-131 = 1.09E+06 "2, 76E+02
Moriitor indication with 0.35 uCilg DE 1131 = 3.82E+06- '9.66E+02
‘Monitor indication with 21-uCi/g'DE 1-131 = 229E+08: 5.80E+04
Monitor indication with 300 uGi/g DE 1-131.= 3.27E409 8:28E+05

Updated design source term basis with 843-30R detector:

Page 12 monitor indication with 1% FF (3.69 uCilg DE {-131) = 7.32E+07 1.31E+04
Monitor indication with.0.1 uCi/g DE 1-131 = 1.98E+06 3.55E%02

Monitor indication with 0.35 uCi/g DE |-131 = 6.94E+06. 1.24E+03

Monitor indication with 21.uCi/g'DE 1:131 = 4.17E+08 7.46E+04

Menitor indication with 300 uCn/g DE 131 = 5.95E+09" 1.07E+06

Values in.the: tabtes above:are: rovided wi St "for“an alarm setpomt ‘the: va!ue(s) should be rediiced

'by divxdmg by 1;37.:High: i high: ,Of
-appropriate valie above backg round:so.aste avoid spurxous aiarms For values calcula(ed that exceed the' monttor range of 1 OOE+06 an
1on-scaie value appropnate for: the apphcaﬂon should be used

v




Beaver Valley Power Statlcm

N o s ® N

10..

11.
12.
13.
14,
15.

- 16
v

18.

19.

Radiation 'Protection’ Techmcal Posmon/Evaluanon/Cal;:u!atxon — T "REMIS%CN:’

‘Subject T INe: " Page:
.23;‘:23é‘&i?:’n‘é%ﬁéﬁﬁiﬂ?ﬁ?&?&é‘i’i&lﬁ’&iﬁ}’v‘:!?.‘;'“uiféf,ﬁfﬁit.m ERS-JTL-99-005 8
REFERENCES

1. SWEC Calculation RP-11700-087-0, Determination of High and High-High Setpoints for all

Process.and-Area Monitors.in ’the BVPS Unit #1'RMS, 1975

BVPS: Candxtlcn Report 990281 Setpomt Discrepancy. for. RCS Letdown Gross Actmty Radiation
monitors; Dated 02/12/99°

BVPS: Unit'1 UFSAR Chapter.11; Section 11, 3.33. 16, .Reactor Coolant Momtor

Unit 1 USNRC SER Section 11.6; Process and Area. Radiation Monitoring Systems

Unit 1. OM Chapter43, 10M-7.2.B; Setpoints
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Victoreen VT! 07.503-0110, Section:8, Tables 8& 9

DLCO NED EM Response, EM 1171, NED- Verification of EM 116252 (Design basis accident
parameter verification —Unit 1)1Response, Dated 11/25/98 :
BVPS Unit-1 UFSAR: Chapter"" '

DLECO NED:EM Response. EM 116252 Desngn basis:accident:parameter verification — Unit 1,
Dated 08-01-98

Kocher, D: ‘€., Radioactive: Decay Tables, Technical Information Center, U. . Department of
Energy, 1981

SWEC letter DLS-12168, Beaver Valley Power ‘Statioh — Unit No. 1 J.O.NO. 11700-0.F.E.NO.
8700 — C.O.NO. 3468, Radiation Monitor Setpoints, October 21, 1975
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_Radiation Protection Technical Position/Evaluation/Calculation -

REVISION:

Subject:

Unit 1 LetdownRadiatior, Monitor (RM-1CH:101) Alarm Sétpoint

Calculations and Emergency Action Level (EAL) Value Determination

‘No.:

ERS-JTL-99-005

CH-101 Sfétpointﬁ4'eélc\ulati;on @60:gpm Letdown: flow:Rate

Updated design RCS concentrations and for the 843-30:detector type

*1% FF 60.gpm] HighRange ] [1% FF @60.gpm | LowRange 1% FF @60.gpm
"% FF | “Atnopitér|  Density: **Channel High Range ***Channel Low Range
. @578F Density Corrected Efficiency’ | ChanelIndication| Efficiency | Channigl indication
Noclide-]  (iiCi/g) Correction (UCleg): {cpm-ccfuCiy ] (cpm) {cpm=-ccluCiy {com)
Br-84. 3.73E:02 |- A.67E-02 { 7.0673E+02 2.59E+(1 8.5003E+05' 2.38E+04
Rb-88 2. 75E+00 2.71E+00:  1:3.3324E+02. D.02E+02 1.8750E+05 5.07E+05
Rb-89 1.57E-01 1.54E-01 | 1.0125E+03. 1.56E+02 - 8:8684E+05 1.37E+05
Sr-80 3.48E-03 3:43E:03 1:6920E-02 -5:81E-05. 44819E+01 1.54E-01
Sr-80. 2.16E-04. 2.13E-04 |'0:0000E+0) 0.00E+00 -0:0000E+00: 0:00€+00
Sr:91 1,45€03 “1A43E-03  ]1:7804E+402 §  i2/64F-01 5. 97B9E+085: 9:06E+02
81-92 1.03E:03 1:01E-03 5B336E+02: 591E-01 4'6832E+05. |°  4.75E+D2 -
Y80 | - 5:84E-05 5.84E-05 24300E-01 | 24E:08 Q:5400E+01 +5,58E-03;
Y-81 47804 4.70E-04 * 7. 3596E+00 6.30E-D4 . | 1.4543E+03. |. ‘B.84E-01
Y¥-92 8.84E-04 870E:04 | 6:7325E+01 5.:86E-02 1881E+05- | 1.03E+02
Zr-95 +6:32E-04 6:22E-04. | 00E+01 ‘5 A48E-02 4.9537E+05 J.08E+02
Nb-95 6:41E-04. ‘6:31E:04 50E+02 BATE-02 . . BI0437E+05" " 3:18E402
Mo:90 “7.62E-01 . 7.50E:0% 1:6074E+01 1.21E+07 1.2222E+05 9:16E+04
Te=-89m|—4.09E=01 —4.02E=01: 3:0000E-02 121E=02—} —4:4085E+05— ——1-77E+05
1-129 1.11E-07 1.08E-07 0.0000E+QD: 0.00E+00 0.0000E+00 0.00E+00
1-131 2.89E+00, 2.84E+00 '8.6362E+00 | 2.48E%01 4.8208E+05. 1.37E+06!
1132 ~1.13E+00 1.11E+00 .4,3446E+02 , 4.83E+02 1.5435E+406 1.72E+06-
<133 4.32E+00 4.25E+00 6.4300E+01 | 2.74E+02 '6:3280E+05 2.26E+06.
'13-134; 6.32E:01; - §;22E-01 5,4811E+02 341E+02 - 1.3588E+06 ‘8456205
§i-135 ‘2:48E+00 2/44E+00  |'T:8131E%02 “1.91E+03 6.7981E+05" 1.66E+06
Co-68 | -1:3BE-02. . 1.36E-02. | 1.4106E+02 1,92E400. 8.5859E+05 . 8:94E+03
Co-60 1;59E-03. 1:56E-03 ’ 1,60E+00 26841E+05 | 1.52E+03
Fe59° | 9.00E-04. - 8.85E-04 13:84E-01 _5.0432E%05 | 447E+02
Te-129 1. 43E-02: 0.9840 T41E-02 1.09E-01 . 8.3730E+04 1.32E+03.
Té-132 3.00E-01 29501 - 1.03E-01 - 4.4459E+05 1.31E+406:
Te-134 ‘2.99E:02. .2.94E-02 | 2.0382E-01 6.00E-03. 2.8864E+05. 8:49E+03
Cs-134 6.05E+00 | 585E+00 |.2.0187E+02" 1.20E+03 1.1422F+08: 6.80E+06°
Cs-136 1.50E+00 148E+00 | 4:8303E+02'  7.13E+02 " 1.5456E+06 2.28E+08
Cs-137 | 3:79E+00 ‘B.I3E£00 ] 5.1000E+01 1.90E+02 4.3258E405 1.81E+06
Cs-138 | '1.03E+00 . . 1016400 1:99875E+02 | . 1.01E¥03 ‘8i1615E+05 8.27E+05
Ba-140 ‘4:10E-03; 4:03E-03° 1'1.0006E+01 |  4.04E-02 2.5622E405 | 1:03E+03;
La-140 1 NE03 “1.39E:03 '9.8104E+02 _ 1:36E+00. 8:2029E+05 1:28E+03
Ce-144 4.69E-04, 4B61E-04 | 3MI67E-03 | 1.44E-06 5.5762E+04 2.57E+01
Pr-144" | -4.72E-04 ©4:B4E-04  f1.3164E+01 A11E-03 1.2369E+04 | 5:74E+00.
Kr-85: 1.25E+02 128E+02  { 91200E-02°7 1.12E+01 +2.0185E+03 ° 2.48E+05.
Kr-85m | 1.42E+00 1.40E+00.  {.2.7283E:01 J.B1E-01 4,2T49E+05 - 5.97E+05
K87 | 9.48E-01 - (9A3E01  |'6,2626E+02 | 5:84E+02 - 6.805BE+05 6:44E+05
’ Kr-88. 2.85E+00 261E400. §5.0762E%02 |°  1.32E+03 5.3234E+05 | 1.39E+06. |
Xe-133 3.11E+02: 3.06E+02 0.0000E+00 Q;'QQE’I{O_(_) 3.5335E+04 1.08E+07
Xe<133m | 4.20E+00 4,13E+00 "} 5.7826E-02 '2.39E-01 6.917BE+04 " 2.86E+DE .
Xe-135 9.64E+00 9/49E+00 | .1:8987E+00 | ©  1.80E+01 ;4.6560;*05 4.42E408 .
1Xe=135m | 9.56E-01. S4A1E01 2.0320E+01 1.91E+01 - 4, 0401E+05 3.80E+05.
Xe-138 6:70E-01 B.59E-01 ['14BB4E+03 ||  9.80F402 1.4878E+406 9BIE+05
Mni-54 4.B0E-03 4. 72E-03: 1.4208E+02 B:71E-01 ~ 5.0129E+05 2.37E+03.
1026404 4.02E+07
_ 0.05% FF > 2.01E+08:
| T.44E%03 .37 error 1.47E+06
) cpm. cpm.

#1%:FF RCS: concentrations:from SWEC 10080-UR(B)-484 Table 8a N
*Letdown density:correciion based on-137 F-(moriitor high temperature isolation) = 61.43 bm/ft3 /62,43 Ibm/f3
* Manufacturer calibration data .




Beaver Valley Power Station

:Radiation Protection Technicdl Posnnon/Evaiuaiwn/Calculatwn ) 'REVISION:

“Subject: No.:

Unit 1 Letdown Radiation Monitor: {RM-1CH-101) Alarm Setpoint S A , «
Calcutation and Emergency Action Level (EAL) Value Determination ERS'JTLT'QQ'OOS 1 O

RCS Sp’e‘ciﬁc Activity Determinatiorn With Letdown Flow Rate Increased to 105 gpm

Parameters for comection 10 105 gpm letdown flow rates
RCS mass {average of 0% - 22% S/G {ubes plugged) = 1.808E+08  pgrams
Letdown “mass flowrate 60 gpm=  3.725E+03  gramsfs
Letdown “mass fow rale 3t 105gpm = 6.51BE+03 gramsss

@80 gpm. . 1% FF @105 gom'| @105 gom

1% FF Tot@RCS | (Kocher 1981) A % 3 RCS removal 2 P! Tolal RCS 1% FF

@5T6F Activity [P Decay Letdown | Eftective. rate@eo opn Letdown “Effective Actviy @ S76F

Nuciide (uCig) (WG {s) (sy KCi) &Y (uCis) ") (s} | wCh wCig).
Br:84 373E02 B.75£+06 | 1O1E+D3 | 3,696-04 3.84E:04, ]  2.50E403 3.99E-04 6.4BE+06 . |. 3.59E-02
Rb-88 2.75E+00 | 4.976+08 |  1,07£+00 GA9E-04 " 6.70E-04 3.33E+05. 6.656-04 4866408, 2 69E+00
Rb-88 1.57E-01° | 2.BAE+D7 | 9.26E102- | 7T.48E-04. | 7.63E-D4 ZABE+04 7.84E-04 2.78E+07 1.54E:01
5189 3.49E-03 8.39E¥05 || 4,37E+40B, 1.58E-07 | 208E-05" | TAIE+0Y . 3.62E-05 | 3.62E+05 2.00E-03
5r-80 2.16E:04 I.MEHD4 “BO2ELDR 7.69E-10 2.08E-05". B8.05€-01 3.60E:05 . 2.23E44 1.23E-04
591 1.43E-03 2.62E+05 3.42E+04 2.03E-05 4.09E-05 1.07E+01 5.63E-05 1.90E+05 1.056-03
S5t-92 1,03E-03 1.86E405 B.76E08 | 7.10E-05. BABE-05 1.71E+01 1.07E-04 | 1.59E405 8.61E-04
Y-80 5.94€-05 1.07E+04 2.31E+03 3.0DE:08 2.36E-05 2.84E-01 390E-05 6.49E+03 3.69E-05
Y-91 4,78E-04 8.84E+04 5.06E+08. 1.37E-07 2O7E-05 §+  1.79E+00 3.62E-05 4.95E8+04 274E-04
Y-52 (B.B4E-D4 1.60E+05 1.27E404 5.44E-05 T.H0E-05 1.20E+01 9.04E-05 1.33E+05" 7.33E-04
Zr-95 B.I2E-04 1.14E+05 5.53E+06 1.25E-07 207E-05 1 2.37E+00 3.62E-05 6.55E+04 3.62E-04
NBG5 '6.41E-04 1.16E405, 30364087 | 2.20E-07 2.0BE-05 2.41E+00 363E:05 | 6.66E+04. | 3.68E-D4
Mo-g9 7.62E:01 1.38E+08 . 2.3BE+05 2.92E-08 2.35E-05 3246403, | . A90E-05 8.32E%07 4.60E-01
Tc-98m 409501 7.40E407 2ATE+04 | 3.206:08 §.28E:05 |  3.89E+03 6.80E-05 5.72E407 316501
1129 1AAED7 2.01E+01 395E+14 140E-15_{ 2.06E-05 4.13E-04 3.60E-05 1.15E+07 6:34E-08
=131 . "2.:88E+00 5.23E+08 B.95E+405 - 9.98_5-07‘ 2.08E-05 2.98E-05 1.43E+04 -3.60&-05 3.70E-05 * JOEEFOE " 1.68E+00
132 ) 1.33E+00 2.048E+08 8.28E+03, 8.37E-08: 1.04E-04 243E+04 X ' 120E-04 | 1. 78E+08 9.84E-01
1-133 S37E+00 | 7.81E+08 | 7.49E:04 8.26E-08 2.99E.05° 2.33E+04 4.53E-05 B 15E408 2.056+00
1-134 832E-01 | 1.34E408 3.16E+Q3 2:20E-04 2.40E-04" 2,75E+04 : _ 2.56E-04 1.07E¥08 §.94E-01
1135 2,48E+00 4.48E+0B | 2.38E+08 | 281E-05 497605, | 2.23E+04 6.52E-05 | 342E+08 2 1,89E+G0
Co-58 ~4.38E-02 2.50E+06, 642E+06° .| 1.13E-07" _207E-08 S 176401 362E-05 1.43E+06 7.50E-03
Co-6l 1.59E-03 .| 2.88E+05 1.66E+08 41TE-0D 2.06E-05. | 5.00E+00 3.60E-05 1.64E+05 5.09E-04
Fe-59 9.00E-04 1.63E+05 3.66E+06 1.80E07 2:08E-05 3.38E+00 3.62E:05 9.33E404 5.16E-04
Te-129* 1.43E.02 2.59E+08 4,18E+D3. 1.66E-04 1.87E-D4 4,826+02 2.026-04 2.39E+06 1.32E-02
Te-132 30001 §,43E+07 2 BZEADS 2ABE-0G 2.31E:05 1.25E+03 3.85E-05 J3.25E+Q7 1.80E8-07
Te-134 2.99E:02 5.41E+06 251E+03. | 2.76E:04. 2.97E-04. | 1.61E+03 312E-04 5.14E+406, 2.84E-02
Cs-134 _6.05E+400 1,00E+08 | 6.50E+07 | 1.07E-08 - | 206E05 2.256+04 I61E-05 | .6.25E+08 3.46E+00
Ca-136 1.506+00 2.71E+08 1.14E208; | 6.10E-07 242E:05 5.75E+03 36TE-05 1.57E+08 8.68E-01
£s-137 BI8E+30. 5.85E408 9.51E+08 7.28E-10. 2.06E-05 1.41E+04 3.60E:05 3.62E+08 R ATETGO
Cs-138 T.03E+00° | 1.86E+08 | 1.93E+03 353E-04 3.79E-04 Z07E+04 3.95E:04 1.79E+08 9.90E-01
Ba-140° 210E-03 | T.41E408 VAOE+D8: | 6.27E-07 2A2E-05 157E+ 3.676-05. | 4.29E+05 2.37E-03
La-140 1TAIE-03 | 2.556+05 | 1.45E+05. | 4.70E-06. 2.54E-05 | 6.47E+00. 40805 | . 1.59Ev05 | B.I7E-04
Ce-144 4.60E:04 B4BE¥04 | 3.48E+07 |~ 1.99E-08 206608 1.75E+00 361E:05 A.85E404, 2,686-04
Pr-144, k 472604 | B.S4E+04 1.04E+03 1 6.69E.04 8.886:04 |- 5.88E+01 3 7.05E8-04 8.35E+04 4.625-04
Ki-85 1.25E+02 2.26E410 3.3BE+08 2.05E-09 2.08E-05 4.66E+05 3.60E-05 | 1.29E+10 7146401
Kr-85m 1A2E00 | 267E+08 | 1.61E+*04 4.30E-05 6.36E-05 | 1.63E+04 7.50E-05 2.07E+08 1.14E+00
Kr-87 9.4BE-01 1.71E+08 4.58E+03" 1.51E-04 ) {.72E-04 -2 855404 1.876-04 1.57E+08, 8.70E-07
Kr-88 2.65E+00 479E+08 1.02E+08° | 6./8E-05 | 208E-06 | B.B4E-05 424E+04 | -3.606-05 | 1,04E-04 4.03E+08. 2.26E+00
Xe-133 311E+02 5.62E+10 { ASSEID5 | 1.53E-08 221E-05 | - 1.246+06  3.76E-05 3.31E+10 1.83E+02
Xe-133m 4,20E+00 7.606+08 1.89E105° | 9.66E:06 Z43E-05 1.84E+04 3.97E:05 4.64E+08 2.57E+00
Xe-135 "9.64E+00 1.74E¥(03 3.28E+04 2.11E05 417E:05 | 7.28E+04 5726-05 1.27E409: 7.09E+00
Xe-135rm "QE6E-0) 1. 1.J3E£0B | '0.22E+0Z. |} V.52E-DA 773E:08 | 1.34E+05 7.88E-04 | . 1.69E+08 "9ITE-01
Xe-138 “5.70E-01 1.21E+08 |  8.46E+02 BABED4 8.30E-04 1.026405 8.54E-04 1.19E+08 6.58E-01
Mn-54 4.80E-03 8.68E+05 R TOESOT 2.57E-08 2.06E-05 1.78E+01 3.61E-05 4. 96E+05. 2.74E-03;

*1% FF RCS concentrations, ffoin SWEC, 10080-UR(8).484 Table 8a°
*=Leldcwn density oorrectson tased on 137 £ {monitor hlgh temperature’ nsoianon) = 641.43/1bm/ft3 /.62.43 Tbm/M3
== Effective removal rate-consiant - = dewy femoval rate constan{ + 1&idown removal rate ‘constart

s




Beaver Valley Power Statlon

‘Radiation Protéction: Techmcal Posmon/Evaluanon/Calculatxon

Subject:

Unit 1 Letdown'Radiation Monitor (RM-1CH—101 )-Alarm Setpoint

Calculation and Ermergency Action Level (EAL} Value Determination

T REVISION:
Noz :
ERS-JTL-99-005 1 1

CH-1 01 Setpomt Calculation’ @105 gpm ‘Letdown flow Rate
Updated des:gn RCS concentrations’and for the 843:30 detector type.

o P\ FE 05 gpm ~Bl9h Range |'1% FF*@'IOS gpm Low Range<} 1% FF.@105:gpm-
1%FF | “Atmoriter] Density “*Channe! e | *™Channel’|’ LowRange.
@:576F | ‘Density | Corrected Efficiency. |'Channetindication| Efficiency: | Channel tndication.
‘Nuctide .} qicilg) ] Comection.| . wCitc | d{cpmecoiCiy) . .. (cpiri)- (cpmiechuCiy | . {cpm)
1Br-84 | 359E:02 | 353802 | 7.0673E+02 2:49E+01 | 6.5003E405:1 2.20E404
|Rb-88 2.:69E+00- _2.64E+00 | <3:3324E+02 ‘B.81E+02 1.8750E+05 4.96E+05.
[&—89 1.54E-01 1:51E:01 *1.0125E+03" 1.53E+02 8.86B4E+05 1.34E+05
|Sr-88 2.00E-03 1.97E-03 | 1.6920E-02 3.33E-05 4.4819E+01 8.82E:02
Sr-80- 1.23E:04 - 1;21E-04, -0.0000E+00- 0.00E+DD | 0.D000E+0D 0.00E+00
Sr-91 1.05E-03, 1.04E-03 1.7804E+02 . 1.84E:01. 6.9789E+05 7.23E+02.
S92 -8:81E-04: 8.67E-04. . ] .5.8336E+02 ~5.06E-01 468326405 | . 4.06E+02
Y-80 | 3.58E-05 -3.53E05 | :2.1300E-07 | 7.52E:06 ‘9.5400E+01. 33TE-03
Y91, ‘2.T4E-04 2. 70E-04: | -1.358BE+00 :3.66E-04 1.4543E303 3:82E-01
V.82 7i33E:04  TAE04 B7325E+01 4:B6E-02. | 1.1881E+05 B:57TE+01"
Zr-95 362E-04 C366E-04 |- 8:B200E+01 3A4E:02 4.9537E+05 1.76E+02
Nb-95 " 3.68E-04 ZZS;G&E;—Q4i -1i0250E€02:] . 3:71E:02 5.0437E+05. 1i83E+02
[Mo-99 4.60E-01 " -4;53E201 C1:B074E+071 | 7276400 | 1.2222E+05° 5:53E+04 -
[Te-89m. | 3.16E-01 3A1E-01" " | “3.0000E:02 :9.33E-03 '4;40855‘*05, A.37E405
p-129 -6.34E-08 6.24E-08° | :0.0000E+00: 0.00E+00 “0.0000E+00. 0.00E+00"
j+131, 1.68E+00 1.66E%00 .| B,6362E+00 1.43E+01 - 4,8206E+05. 1.99E+05
j-132 J9:84E-01 8.6BE-01 4.3446E402:| 4.21E+02 1.5435E+06° 1.49£+06"
p-133 ‘2.B5E+00 . 2.80E+00 {6:4390E+01 | 1.80E+02 5.3280E+05. 1.49E+08°
1:134 5:84E-01 . ,5:84E-01 .| 54B11E+02; :3.20E+402 1,3588E+06” 7.94E405
135 1 4.89E+00 . 188E+00 | 7.8131E+02°| 1.45E+03 |-G.78B1EA(5- 1.27E%06"
@58 7.90E-083. - : 7.78E-03 | 1.4106E+D2: 1 A0EX00 ' B.5859E+06" 5.12E+03,
{Ca:60 :9/09E-04 : ~ “8.94E-04 ] 1.0207E+03. 19A3E-01 | B6B41EX05 ]  BEEED2.
Fe-59. 5,16E:04 " 508604 | 4:340BE+02" 220E01 5.0432E+05 2:56E+02
Te-129 '1.32E-02 0:9840 4} \1’&30%-;02; | E7144E+00 ) 1.06E01 9.3730E+04 1.22E+03
Te-132 .1 1.80E:01, T A77E0F | «84826E-01 | 6.16E-020 | 44459E+05: |  7.86E¥D4’
Te-134° | -2.84E-02 - . »2B0F-02 1"2.0382E:01 | " 5.70E:03. 2.8864E205.| _ B.O7E+03.
Cs-134 -346E+00 340E+0D 2.0187E+02.. 6.87E+02 1.1422E+06. 3.88E+06:
Cs-138 . | .8i68E-01 854E-01 ] 4.8303E+02 .  4.12E+02 . . | 1.5456E+06 1.32E+06.
Cs-137 2AT7E+00 2.13E+00 | 51000E+01 CRO09E402° | 4.3258E405 §.22E+05
Cs-138, 9.90E-01 -9 74E-01 | 9.9875E+02- 9,73E+02 “8.1615E+05. 7:95E%05°
Ba-140. 2.37E-03 2@%03:. -} 1:0008E+07 | ‘2.34E-02 2.5622E405 5.98E+02
La-140 8.77E:04 8.63E-04 | :9.8104E+0D2 8:46E-01 9,2029E+05" 7.94E+02
Ce-144. 2.68E-04 -2.64E-04  |-'3.1167E-03 8:22E-07 5.5762E+04 1:47E+01
Pr444. . | :4.62E-04 . 4.54E:04 | 1B3184E+01 | . 5.98E-03 1:2389E+04: §:62E+00:
Kr:85 | J7TA4E+01 7.03E+01 1791200E:02 | B41E¥Q0 2:0185E#03] . 1.42E+05
Kr:85m 1:14E+00 - 1.32B400  )i2.7263E-01 | :3:0BE-01 4.2749E+05/ 4.81E+05
Kr-87- “8J0E-DL. 856E-01 }i6.2626E%02 1. 5:36E¥02 . | 6.9058E+05°] = 5i91Ex05°
Ke-887 . ]| 2:26E+00 12:22E+00°. 1:5.0762E+02 | . 113E03 5.3234E+05 1.18E+06
Xe-133 | 1:83E+02 "1.80E+02  }-.0:0000E+00. 0.00E+00 3.5335E%04 6.37E+06
Xe-133m| 2.57E+00 2.52E+00 ° 55.7§_26Ej-02 “1:46E-01. -B.9178E+04 1.75E405
Xe-135 T.04E+00 . B:92E+00 .| 1.8987E+00 “H.31E301. | 4:B560E+05 3.22E+08
Xeg-135m'] 9.37E-01 -9,22E:01"  ].2.0320E+0] 1.87E+01 4.0401E%05 | 3.73E+05
Xe-138 6.58E-01 6.47E-01 "1,4864E+03 9.62E+02 1.4B79E+08 9.63E+05
{Mn:54 - 2,74E-03 2:70E-03 1.4208E+02 3.84E:01  5.0128E+05 1.35E+03
BIM1E+03 2.72E+07
0.05%FF>.  1.36E+06:
"6.06E#03 .37 arror 9.93E+05 |
cpm cpm

1% FF RCS concentrations ffom SWEC 10080:UR(B)-484 Table 8a
“Letdownidensity correciion based on {37 Fi(monitor'hlgh temperature isolation) ='51.43)6mM3./62.43 Ibmisft3
haad Manufacturer calibratmn data




Beaver Valley Power Stanon

' Radiation Protection Technical Posinon/Evaluanon/Calculanon

REVISION]

{ Subject:

-Unit1. Letdown Radlabon Monitor: (RM ‘CH~101) Alarm, Setpomt

iCalculation’and Emergency Actlon Level’(EAL) Valie Determination

‘No::

ERS-JTL99-005 | 4o

1-101'Setpoint Calculation @60 gpm Letdown flow Rate

Updated‘ demgn RCS concentrations and for the 843-30R detector type

; 1% FF 80'gpm]. High Range | 1% FF.@60 gom: | LowRange |” 1%1;?5 @B0'gpm
“1% FF- | “*At-monitor Density sChannel High:Range ***Charnel Low Range
| @ 576°F Dersity | Corected Efficiency | Channelindication] Efficiency |:ChannelIndication
Nuclide.]  {uCiig) Cortection (uCifee). | {comiccluCh). (cpm) {cpm-co/uCi) {cpm)
Br-84 .3.73ED2 3.67E-02 2.29E%03 1 'B40E+01 2.11E+06 T:74E+04
Rb:§8 2. 75E+00: 2.71E+00. J:69E+02 8.98E+02 2:08E+05 5.83E+05
Rb-89; 157E0F 1.54E-D1 976E+02: {. 1.51E+02° | -BSTE+05 1.32E+05
Sr-88 . | 3.49E-03 1. 343E-03° | .243E-02: . Z;S’tEiOﬁ UL 5.62B40% - 1.93E-01
Sr9g ° 26E:04 |- 2A3E04 0.00E+0D. - *0:00E+00" - (00E+0D 0. 00E+00
Sr-91 145603} 1:43E-03; 208E¥02: | _2:97E:01 ] 'BASEY05 1.16E+08"
sr92 .. 1.03E:03 . .01E03: | 6:27E+02 . 6.35E-01 _5:25E+05 | -532E+02
1Y-80 " 5:94E:05 5.84E-05 - 0.00E+00: “0.00E+00 0:.00E+00 :00E+Q0
Y-91 4.78E:04 4.70E-04 - " 1.33E+00 6.26E-04 1.41E+03 -8.63E-01
1Y-92 8.84E-04 8.70E-04 . 7.84E4+01 6.82E-02 1.38E+05 1.21E+02
2r-95 '8:32E-04 - §:22E-04 1:09E+02. 6:78E:02 6:08E+05 3.79E+02
Nb-95 B:41E-04 | B5:31E:04, 127E+02 8.01E:02 | 6.19E305 3.80E+02
Mo-99 7.62E-01 7.50E-D1 " | 7.98E+() . 5.89E+01 ‘| 6.05E+05 4.54E+05
TC-99m 4.08E:01 4,02E-01 3.73E:02. - 1.50E:02 5.47E+05 2:20E+05
1-129 1 1LUIEQ07 1.09E-07 0.00E+00. | 0.00E+00 A 0.00E+00. T 0.00E+00
<131 2.89E+00. "2.84E+00° | 9.21E+00 }]  .2:62E+01 ~ :5.66E+05 1.61E+06
1-132- " 143E+00 1.71E4+00 S5AGE+02: . 5.74E¥02 - -1L81E+08 2.01E+06
1-133; -4, 32E+00 . 15;25_5100; J56E+01 §. . (B.21E+02. | -6:57E%05 | "2.79%‘*'06.
{134; 6.32E-01 1 G2EDT. T 6448402 4 00E+02: | :2.06E+08, |  1i2BE+08
J1:13507 1 2:4BE+0D URA4EAD0: ] T8.82E+02 2.35E+03" F.25E405 1.77E+06
Co:58; | 1.38E02° 9:36E02, '1'.28_5?02: 1 74E+00, 6.01E+05 ‘8.16E+03
Co60. .1 1:.89E-03 ‘1.56E-03 1458403 | - 1BOE*00, .| '1.08E+08 1:69E+03
Fe-58 .| '9.00E-04. ‘8.86E:04: 4.90E+02 | 4:34E-01 :5:68E+05 | 5.04E+02
Te-129 1.43E-02 0.9840: 1.41E-02 LITEHDY 1.65E-01 “4.11E+05 1.56E+¥03
Te-132 3.00E-01 2:95E-01 3.89E:01 - 106E-01 4.:59E+05 1:.35E+05
Te-134 2.99E-02 2.94E-02. 2.34E-01 6:88E-03 ~3.31E+05 8. 74E+03
Cs-134 8.05E+00 5,95E+00, 246E+02 1.46E+03. 1.39E+086 8.27E+06
Cs+136 1.80E+00 . 1.48E400. | 5.50E+02 8.12E+02: 1LITE+08 2:81E+06
Cs-137 3.79E+00 - 3.73E+00" 5.92E+01 2'21?02 ' 5.03E%08 | 1.88E+06
©s-138. 1. 1.03E+00: 1:01E+00. | 1:29E+03 1:31E+03" 1.08E+06 1.06E+06
Ba:140. |. 4.10E:03. . 403E:03:. | 1.09E+0%Y [ . 4.40E:02 | 280E405 | A .135‘*03'
JLas140- | 1.41E:03: {. CB8EL03: | 1.09E403 - H1E+00" CH02E406 ‘1.42E+03
|Ce-144. | 4:B9E:04- 4B1E-04 | 3.99E:03 1:84E-06 ‘T.ABE+04 “3:30E+01
1Pr-144 472E-04 . § AB4E-04. 9.86E401 | . 6:32E-03° .} 1.28E+04 . B94E+00
AKr:85. |, 1.25E+02: | . 423E+02 ] UNO07ER01 ] c4i82E+03 T} [2:37E#05 ] T 2.92E+07
Kessm . E+00 © 3A40E#00 " . .8.20E-01- 1 4.47E-01 '} 5.01E+0S T:00E+05.
{Ke87. 9 48E-01 K T G33E:01 | 660E+02 '} 6i1BE+02; . .} ..7:28E+05 B TIE+)5
Kr-88 .. 2.85E+00; 2.61E+00 || B5.14E+02: | 1:34F303 " 5:38E+05 14DE+06
Xe-133 | 3M1E+0Z “3.08E402 | Q:00Ex00: | - -0.00E+00 '3,27E+04 1.00E+07
Xe-133m | - 4.20Ex00° 4.13E400, :5,98E-02 247E-01 7.16E+04 "2.86E+05
Xe-1386 9.84E+00 9.49E+00 1976400 | 187E+01 | 4:84E+05 4,58E+06
Xe-135m | 9.56E-01 G41E-01 240E+01 2:26E+01 .. "4.78E+05 4.50E+05
Xe-138 6.70E-01 "6.59E-01 1.55E+03, : 1.02E+03 1:656E+06 1.02E+06
{Mn<54. 4.80E-03 472603 | A73E¥02 | 8A7E:01 '] 6:10E+05 2:88E+03
o 1:31E+04 : 71328407
. ODS%FE>  366E+06
“9.57E+03: x1:3F arror 2.87TE+06 ]
cpm: ' ' cpm

*1% FFRCS concenhlratipn: i i SWEC 1 0080-UR(B)~484 Table 8a-

”'Letdown densi ty co

b Manufacturer calsbra on data

nbased on'137°F (monuor highftemperalure isolation) = 61:43.1bm/ft37:62.43.bmf3
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CH-101 Setpoint Calculation @105 gpm Letdown flow Rate
Updated design RCS concentrations and for the 843-30R detector type

- “1% FF-105.gpm | High Range | 1% FF-@105apm | Low Range | 1% FF @105 gpm
1% FF | *"At:monitor Density **Channel High'Range *$*Channel Low Range

@576F | Oensity " | Corected Efficiency | Channel Indication| -Efficiency - | ‘Chanel Indication
Nuclide' |  (uCifg) Cotréction: {(uCHce) {cpmsegiuCi) {Epim). {cpri-cchiCl) (epm):
Brig4 3.50E-02° "3.53E-02- | 2.29E%03 8.08E+01 211E+06 T.44E+04
Rb:88: 2,69E+00 2.64E+00 '3:65E+02 9.76E+02 2:08E+05 "5.50E+05
Rb-89 1.54E-01 1,51E-01 9.76E+02 1,48E+02 ‘8.5TE+05 1.30E+05
Sr-89 2.00E-03 1.97E-:03 2.136-02 | 4.19E-05 5.62E+01 1.11E-01
Sr-90 1.23E-04 | 1.21E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
5191 1,05E-03 1,04E-03 2.08E+02 2.15E-01 8.13E+05 8.42E+02
Sr-92 8.81E-04 8.67E-04 6.27E+02 5.44E-01 5.25E+05 4.55E+02
Y-90 3.59E-05. 3.53E05 | O0.00E+00 0.00E+00 0:00E+00 0.00E+00
¥=g1 2.74E-04 2.70E-04 1.33E+00 |  3.58E-04 | 1AIE¥03 |  3.80E-01
Y-92 7.33E-04 7.21E:04 | 7B4E+01 | = 5.65E-02 1.39E+05 1.00E+02
2¢-95 '3.82E:04 356E-04° | 1:.00E+02 3:88E-02° | 6.09E+05 2.1TE+02
NbZ95' 3:68E:04 3.62E-04 1.27E+02 4.60E-02 6.19E+05 2.24E+02
Mo-98 | 4.60E:01 4,53E:01 7.99E+04 3.62E+01. | '6.05E+05 2. T4E+05
Tc-99m | 3.16E:0% { 3AE01 | 3vE2 T 146602 | 547E+05 1.70E+05
1126 6.34E-08. 6.24E:08 0.00E+00 0.00E+00 0.00E+0D 0.00E+00
1-131 1.68E+00 1.66E+00 9.21E+00 1.63E+01 ] 5.66E+05_ 9.38E+05
1132 | 9.84E-01 '9,68E-01 516E+02 | 5.00E+02° | 1.81E+06. 1,75E+06
1133 2:85E+00 2.80E+00 7.56E+01 2.12E+02 6.57E+05 1.84E+06
1134 5.94E-01 5,84E-01 6.44E+02 |  3.76E+02 2:06E+08 120E+06
1135 1.89E+00 1.86E+00 962E402 |  1.79E+03 7.25E+05 1.35E+06
Co-58 7.90E-03 7.78E:03 1.28E+02 9.96E-01 6.01E+05 4.67E+03.
C6-60 .9,09E:04 . 8.94E-04 115E+03 1.03E+00 . 1,08E+06 9.6BE+02
Fe-50 | 5.16E-04 5.08E-04 4.90E+02 2.49E:01 ~5.69E+05 2.89E+02
Te-129 1.32E:02. 0.9640 1.30E:02 1.17E+01 1.52E:01 1 A1E¥05 1A4E+03
Te-132° | 1.80E-01 1.77E-01 3.58E-01 '6.35E-02 . 4.59E+05 8. 11E+04
Te-134 2.84E-02 2.80E-02 2.34E-01 6.54E-03 3.31E+05 9.26E+03

Cs-134 | 3.46E+00 340E+00 24BE+02 | B.37EH02 1.39E+06 4.T3E+06 -
Cs-136° | 8.68E-01 8.54E-01 5,50E+02 4.70E+02 1,77€408 1.51E+06
Cs-137 | 2.17E+00 2.13E+00 | .5.92E+01 1.26E+02° 5.03E+05 1.07E+06
1Cs-138. | 9:90E-01 9.74E-01 | 1.20E+03 |~ 1.26E+03 1.08E+06 1.02E+08.
Ba-140 2.37E-03 2:33E:03 1.09E+D1 2.55E-02 ~2.80E+05 8.54E+02
La-140 8.77E-04. 8.63E-D4" 1.09E+03 9:40E-01 1,02E+06° 8.80E+02
Ce-144 | 2.68E-04 2.64E-04. | “3.99E-03 1.05E-06 7.16E+04 1,88E+01
Pr-144 . | 4.62E-04: 4,54E-04 1.36E+01: 6.18E-03. 1.28E+04 5:81E+00
Kr-85 TAAE+QT . 7.03E*01" 1,07E+01. T.52E402 | 237E+05 1.67E+07"
Kr-85m | .1.14E+00 1:12E+400. 32001 | 360E01 ] S5.01E+05 '5.63E+05
Kr-B7 B.70E-01- '8.56E-01, 8,60E+02 5656402 7.28E+05: 6.23E+05
Kr-88 | 2.26E+00- 2.22E+00. | 5.14E+02 1.14E+03 5.38E+05 1.19E+08
Xe-133 | 1.83E+02 |  1.80E+02" D.00E+00 |~ 0.00E+00 | -3:27E+04 5.80E+06
Xe-133m | 2.57E+00 2.62E+00 5.98E-02 1.51E-01 7.46E+04.. 1.81E+05
Xe-136 | 7.04E+00 " 6.92E+00- 1.87E+00 | 1.36E+01 4. BAE+05 3.35E+06
Xe-135m | 9.37E:01 9.22E-01. 2.40E+01 2.21E+01 "4, TBE+05 4.41E+05
Xe-138 6.58E-01 6.47E-01 1.55E+03 1.00E+03 "1.55E+06, 1.00E+06
Mn-54 2.74E-03 2.70E-03 1.73E+02 | 4.67E-01 6.10E+05 1.65E+03
1.03E+04 ‘ .4.86E+07
0.05%FF > 2.33E+08

[ 7.84E¥03 x1.37 error: “1.70E+06 |

cpm cpm

*1% FF RCS conceritrations flom SWEC 10‘0801UR(B)-‘4)84’ Table_‘Ba } ‘
**Letdown density:correction based on 137 F (monitor hightemperature/isolation) = 61.43 Ibm/ft3 / 62.43 bm/ft3
*** Manufacturer calibration data
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Attachment 1

Alarm Setpoint-Methodology
DISCUSSION

This appendix describes the bases for the alarm setpoint methodology. Only increasing value alarm setpoints
are addressed. A similar methodology could be described for decreasing value alarm setpoints, but these are
not applicable to radiation monitoring.

USNRC Regulatory Guide 1.105, Instrument Setpoints [1], provides a regulatory position on setpoints on
systems important to safety. The guide provides.the following definition of "systems important to-safety":

“...those systems that are necessary to ensure {1 )-the mtegnty of the reactor: coolant pressure boundary,
(2) the .capabiiity to shutdown.the reactor and maintain it in ‘a safe condition, or (3) the capability fo
prevent or mitigate the consequences of accidents that could result in potent:al offsite exposures
comparable to the guideline exposures-of 10 CFR Part 100, Reactor Site Criteria...

The BVPS Unit 2 UFSAR [2] contains a commitment to this reguiatory guide, but the referenced discussion in
section 7 of the UFSAR does not specifically address radiation monitors. SWEC addressed RG 1.105 in the
development of Unit 2 category 1 radiation monitor setpoints. ‘This issue was addressed by the Radiation Safety
Committee in meeting 25-87[3] and a position paper was prepared on'this issue (4], While. recognizing the need
to consider instrument errors. in.determining alarm setpoints, this position paper concluded that the regulatory
guide was (1) applicable to-a subset of the Unit 2 monitors, (2) applicable to only those Unit 1 monitors installed
in response to a-Unit:2 licensirig commitment, and (3) not- apphcab!e to effluent monitors (ODCM). This position
paper was ‘accepted by the RSC (BV-RSC-27-87) and approved by the OSC (BV-0SC-48-87).

Regulatory Guide 1.105 provides, in part:

"...The selpoints should be establishied with sufficient margin between the technical specification limits
for the process variable and the nominal trip-sefpoint to allow for (a) the inaccuracy of the instrument; (b)
ungertainties in the calibration, and (c) the instrument drift that could occur during the interval between
calibrations...."

The methodology employed by SWEC was, as was. this appendix, based on ANSI/ISA-567.04-1988, Setpoints
for Nuclear Safety-Related Instrumentation [5], which provides a means to accomplish the above.

DEF INITIONS

Safety Limit [SL] A limit on an important process variable that is necessary o reasonably protect
the integrity of the physical barriers that guard against uncontrolled release of
radioactivity [5]. Safety limits are documented in the UFSAR, in technical
specification bases, and in other design basis documentation.

Analytical Limit [AL] Limit of 'a measured or calculated variable established by safety analyses to
ensure that a safety limit is not exceeded [5]. The difference. between a safety
limit :and an .analytical limit.provides margin to account for process dependent
effects ‘stich as (but.not limited to) process delays; emergency diesel generator
sequencing, valve or'damper closure times, and instrument response times.

Trip Setpoint [TSP] A predetermined value [of the monitored parameter] at which a bistable device
changes state to indicate that the -quantity under surveillance has reached the
selected value [5]. The difference between a trip setpoint and an analytical limit is
the allowance provided to account for instrument uncertainty, instrument
calibration uncertainty (and, if not addressed in the determination of analytical
limit, process dependent effects).

\
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Upper Setpoint Limit [USL] A predetermined value of the monitored parameter above the trip setpoint that, if
exceeded during periodic surveillance testmg, indicates- unsa’usfactory instrument
performance The band defined between the trip- setpoint and the upper-setpoint
limit is*the- allowance provrded to account for instrument uncertainties such as
setpoint:drift, power supply drift, random response: varratlon deadband; etc:

Operational Limit [OL] =~ The maximum value that the' monitofed parameter may’ attain ‘during normal
operatlons based on administrative: controls that will not resultin the occurrence
of an-afarm.

These quantities are illustrated on the figure below.

onsm—————  Design Safety Limit

. Analytical Limit (AL)

*

Total Loop Uncertairities'
TLU=FEA+PA+LA+SA+TA +DA

Total Loop Uncertainties
TLU=EA +PA +LA + SA +TA + DA

MCALRMSP.DRW -L_ Operational Limit (OL)

Normal Ope’rati‘on

DETERMINATION OF ALLOWANCES'

Environmental Allowance [EA] Includes the effects of radiation, temperature, pressure, humrdrty. chemical
sprays on the instrumentation. EA should be determined for all safety related
monitors expected. to operate ‘under accrdent conditions if the ‘instrument
vendor has indicated an aceuracy under. these conditions that différs.from the
accuracy expressed for operation under normal ‘conditions. Applies only to
QA Category 1 momtors
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Leakage Allowance [LA] Includes instrument signal losses due fo cable or penetration leakage or

impedence. Applies only to QA‘Category 1 monitors.

Process Allowance [PA] Includes -effects associated with the. measurement: of the process. parameter

: S (eg., sample iine: ptateout isokinetic samplmg) -errors: associated with
calculatton of the process parametéer by indirect measurements (e.g.,
determining flow from Dp measurements)

Calibration Allowance [CA] Includes® errors"associated with calibrations-of the sensor and the .readout

' rack, such as those related fo the calibration standard, equipment, and
method.

Sensor AiloWance [SA] Includes errors associated with the sensor ‘and readout accuracy.

Considerations include: linearity; deadtime; energy reSponse linearity;
repeatab;ltty power “supply stability; -temperature, pressure, -and humidity
changes, ADC/DAC:errors; efc.

Drift Allowance [DA] Includes errors: due to undesired’ changes in instrument; response; over a.
' period of " time, ‘that are mdependent of the instrument input or use.
environment. The. period. of time is normalized to the period between

‘instrument calibrations-or surveillarice testing.

Tolerance Allowance [TA] Includes administrative tolerances -allowed- for calibration andlor. setpoint.
’ adjustment (e.g., adjust to within £ xx% of xxxx cpm).

The errors addressed by these allowances may be -dependent of independent. Dependent errors, are- summed
:algebralcally independent errors-are summed using. the root—of-squared-sums method. Prior to summing, all
errors are normalized to.a common base:(e.g., percent of span,. -percent- -of full 'scale). Unit:1-calibration MSPs -
;-provude atoleranceof +10%. Umt 2 calibration: MSPs provide:a tolerance of +15%:

" Not all of these allowances are: appltcable o a. parucular mcmtor s oniy those: apphcab!e are considered.

Dependent errors.(e.g:, LA CP) are-not addressed expltcitly if itvis: reasonable to conclude that sensor-to-

1 readout (end-to-end)- calibrations adequately compensate for these effects, In:cases where one: allowance .

envelopes-a related ‘aliowance, only the most restrictive allowance is summed. For example, an instrument
setpoint accuracy (i.e., SA).of £1% is considered enveloped by afolerance allowance (TA). of £10%.

The total instrument loop ‘uncertainty- (TLU) A8 the sum of the individual -allowances. Assuming LA, to be
dependent, and the remainder to-be mdependent

TLU = LA & SQRT( EA2 + PA2 +:.CA2+ SA2 + DA2+ TA 2)
‘The trip setpoint-equals: '

NOTE: Inthe foHowmg. %+TLU refers 1o thetotal loop: uncertamty m the under-response direction expressed. in
percent. ‘%-TLU:refers to- the total loop.uncertainty in'the: over-response: direction expressed in percent.

TSP = AL-(TLUXTSP)
TSP= AL/[1+ (%-TLU)/100)

Theupper setpoint limit (USL) (NOTE: See definition above:);
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USL = TSP + (TSPxDA) + (TSPxTA)

USL = TSP[ 1 + SQRT(DA2 + TA2) ]
The operational limit (OL);

OL =TSP - (TLUXTSP)

OL =TSP[1- (%-TLU/100) ]

USNRC, Instrument Setpoints, Regulatory Guide 1.105, USGPQ ,11/76

DLC, BVPS Unit 2 Updated Safety Analysis Report, 1990

DLC, Minutes of Radiation Safety Committee Meeting 25-87

DLC, Applicability of RG1.105 to BVPS Radiation Monitors, ERS-SFL-87-036, 1987
ISA, Setpoints for Nuclear Safety-Related Instrumentation, ANSI/ISA-S67.04-1988

Ficke, R, Instrument Setpoint Calculations, presentation at Sorrento Electronics DRMS User's Group
Meeting, Fall, 1990

I
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FLUKE Biomedical
Radiation Management Services
6045-Cochiran Road
Cleveland; OH 44139-3303

To: Pravin Vakharia Tephone: 724-682-7615
Beaver Valley 1 . Telefax: 724-682-4743
‘From:  Andy Lasko - Telephone:/(440)542-3611

Project Manager, Telefax: (440)349-8059:
‘e<mail: Andrew. Lasko@flukebiomedical.com _

Date:  -Apiil 19,2006 Page:1.of 7 Pages
Subject: Revised Model 843-30R Efficiencies
Mr. Vakharia

Enclosed are revised isotopic efficiencies for the Model 843-30R. Gamma' Scintillation
detector used in your liquid-and gaseous effluent radiation monitors. Four (4) sets of
| efficiency-tables are énclosed. Each table reﬂects the: efficiericy: for-each. of the-sampling,
geometries used inyour. plant .

'The source:of the effi clency data’is-obr pnmary lsotopxc calibration report 958,402. This
report. documeits, the: primary -iSofopic calibration performed :on “the Model :843-30R
detector in-our Model 841:334 three (3) Liter Off-hne hqmd samphng geometry. The
Model 841-334 is- our current version of your Model 841-3N three (3) liter Off:line
sampling geometry. The sample volume and detector ‘location ‘in both sampling
geometries is the same, and the data taken with-our Model 841-334 will apply duectly to
your Model 841-3N.

To obtain revised -efficiencies for your Letdown monitor and 'Gaseous ¢ffluent monitors,.
the . ratio between your ongmal llqurd monitor effi cnency dnd- the new. efficiency was:
calculated for each isotope: The efficiency: ratio was then- apphed toithe previous, letdown.
monitor and: gaseous effluent ‘monitor “isotopic efﬁmencnes and a:new efficiency. was:
- calculated. ‘We. behe 'ithxs approach is' valid because the ‘detector response has been
- validated in report 958.402, What- changes in the lefdown and. gaseous effluent monitors
- is the sampling geometry. By knowing, the response difference of the detector from the
‘primary liquid isotopic calibration, and the previous response of the letdown and- gaseous
monitor sampling geometries, a new efficiency for the letdown and gaseous geometries
- may be obtained by multiplying the ‘original efficiencies by the difference in detector:
efficiencies.
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The results of this analysis are provided on the four (4) tables enclosed.

Please feel free to contact us should you have any questions or comments on the above.

Sincerely Yours,

Andrew Lasko

Project Manager

FLUKE Biomedical

Radiation Management Services

E-Mail: Andrew.Lasko@flukebiomedical.com

Note: Only the portions of the letter aftachment that pertain to CH-101 are provided below.
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BVPS Unit 1 Reactor Coolant System Letdown Radiation Monitors 4/17/2006

Gamma Sensitivities of the 903664 Sampler & 843-30 High Channel to Liquids

Monitors:  RM-ICH-101A  Used as a High Range Instrument
RM-ICH-101B  Used as a High Range Instrument

8y @
843.30 843-30-R
Detection Detection
“Niglide Efficiency Efficiency

(cpm/uCifml)  (cpm/uCi/ml)

1 Br-84, 7.07E+02 2:29E+03
2 Rb-88 3.33E+02 3.69E+02
3 Rb-89 1.01E+03 9.76E+02
4 Sr-89 1.70E-02 2.13E-02
5 $r-90 0.00E+00 0.00E+00
6 Y-90 2.13E-01 0.00E+00
7 Sr-91 1.78E+02 2.08E+02
8 Y-91 1.36E+00 1.33E400
9 5r-92 S58E+02 6.27E+02
10, Y9 6.TIE+01 7.84E+0)
1 SZr-95 §.82E+0] 1.09E+02
12 Nb-95 LO3E+02 1276402
13 Mo-99 L6IE+01 7.99E+01
14 “T¢-99m 3.00E:02 3.73E-02
15 1132 4.34E+02 S5:16E+402
16 1133 6.44E+01 7.56E+01
17 1134 S.ABE+02 6.A4E+02
18 1135 7.81E402 9.62E+02
19 Te-129 7. 7EH0 LITE+01
20 1-134 £:64E+00 921E+00
21 Te-132 3.48E-01 3.59E-01
S22 Te-134 2.04E-01 2.34E-01
23 Cs-134 2.026+02 2.46E+02
24 Cs-136 4.83E+02 5.50E+02
25 Cs-137 5,10E+01 5926401
26 Cs-138 9:99E+02 1.29E+03
27 Ba-140 1.00E+01 1.09E+01
28 La-140 9.81E+02. 1.09E+03
29 Ce-144 JI1E03 1,99E-03
30 Pr-144 1.32E+0) 1.36E+01
31 Kr-835 9 12E-02 1.07E+0]
32 Kr-85m 2.73E-01 3.20E-01
33 Kr-87 6.26E+02 6.60E+02
34 Kr-88 5.08E+H2 S.14E+02
35 Xe-133 0.00E+00 0.00E400
36 Ke-133m 5.78E:02 5.98E-02
37 Xe-135 1.90E+00 1.97E+00
38 Xe 135m 2.03E+0} 240E+01
39 Xe-138 1.49E+03 1.55E+03
40 Mn-54 1.42E+02 L73E+02
4} Mn-36 6.74E+02 8:47E+02
42 Co-58 141E+02 1.28E+02
43 Co-60 1.03E+03 L1SEH03
44 Fe-59 4.34E+H2 4,90E+02

Iy Original Gamma Sensitivities from Addendum to BVPS Spec No. BVS-414, Table V, 10-7-
) Gamma Sensitivities from Fluke Biomedical for Replacement Detector
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BVPS Unit 1 Reactor Coolant System Letdown Radiation Monitors 4/17/2006
Gamma Sensitivities of the 903664 Sampler & 843-30 Low Channel to Liquids

Monitors: RM-1CH-101A  Used as a Low Range Instrument
RM-1CH-101B  Used as a Low Range Instrument

O] @
843-30 843-30-R
Detection Detection
Nuclide Efficiency Efficiency
(cpm/uCi/ml)  (cpm/uCi/ml)
1 Br-84 6.50E+05 2.11E+06
2 Rb-88 L.88E+05 2.08E+05
3 Rb-89 8.87E+05 8.57E+H0S
4 Sr-89 4.48E+01 5.62E+01
5 Sr-90 0.00E-+00 0.00E+00
6 Y-90 9.54E+01 0.00E+00
7 Sr-91 6.97E+05 8.13E+05 ‘
8 Y-91 1.45E+03 141E+03
9 Sr-92 4.68E+0S 5.25E+05
10 T Y92 1.19E+05 1.39E+0S
11 Zr-95 4.95E+05 6.09E+05
12 Nb-95 5.04E+05 6.19E+0S
13 Mo-99 1.22E+05 6.05E+05
14 Te-99m 4.40E+05 SA4TE+0S
LS Te-129 9.37E+04 L.1LE+05
16 I-131 —4B2EHG—— SR ————— P 4.82E+5  5.66E+S
17 1-132 1.54E+06 L8IE+06 Corrected values jtl 8/8/11
18 1-133 5.33E+05 6.57E+0S
19 1-134 1.36E+06 2.06E+06
20 1-135 6.80E+05 7.25E+05
21 Te-132 4.45E+05 4.59E+05
22 Te-134 2.89E+05 3.31E+05
23 Cs-134 1.14E+06 1.39E+06
24 Cs-136 1.55E+06 1.77E+06
25 Cs-137 4.33E405 5.03E+05
26 Cs-138 8.16E+05 1.05E+06
27 Ba-140 2.56E+05 2.80E+05
28 La-140 9.20E+05 1.02E+06
29 Ce-144 5.58E+04 7.16E+04
30 Pr-144 1.24E+04 1.28E+04
31 Kr-85 2.02E+03 2.37E+05
32 Kr-85m 4.27E+05 5.01E+05
33 Kr-87 6.91E+05 7.28E+05
34 Kr-88 5.32E+05 5.38E+0$
35 Xe-133 3.53E+04 3.27E+04
36 Xe-133m 6.92E+04 7.16E+04
37 Xe-135 4,66E+05 4,84E+05
38 Xe-135m 4.04E+05 4.78E+05
39 Xe-138 1.49E+06 1.55E+06
40 Mn-54 5.01E+05 6.10E+05
41 Mn-56 7.0SE+05 8.86E+05
42 Co-58 6.59E+05 6.01E+05
43 Co-60 9.68E+05 1.08E+06
44 Fe-59 5.04E+05 5.69E+05

) Original Gamma Sensitivities from Addendum to BVPS Spec No. BVS-414, Table V, 10-7-
) Gamma Sensitivities from Fluke Biomedical for Replacement Detector






