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June 6, 2003

Mr. Robert L. Clark

Office of Nuclear Regulatory Regulation
U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555-0001

Subject: Supplementary Information Associated with the Control Room Emergency Air
Treatment System (CREATS) Actuation Instrumentation Change (LCO 3.3.6)
Rochester Gas and Electric Corporation
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Reference:  Letter from Robert C. Mecredy (RG&E) to Guy S. Vissing (NRC), "Application
for Amendment to Facility Operating License Control Room Emergency Air
Treatment System (CREATS) Actuation Instrumentation Change (LCO 3.3.6)",
dated May 3, 2000.

Dear Mr. Clark:

In the above Reference, RG&E submitted a proposed change to the Improved Technical
Specifications associated with the Control Room Emergency Air Treatment System (CREATS)
Actuation Instrumentation requirements. Subsequent to the submittal, as the result of discussions
with the NRC staff, RG&E would like to provide additional information associated with the
response of the new CREATS Actuation Instrumentation to high energy (> 1.5 MeV) gamma
radiation.

The new CREATS Actuation Instrumentation radiation monitors are based on a Model ZP1320
Geiger-Mueller (GM) tube. This GM tube is equivalent to, and can be cross referenced to, a
number of other manufacturer model numbers. Three separate cross reference sources are
provided in Attachment 1. Attachment 2 is an energy response curve for a similar Model 713
GM tube. Attachment 3 is a copy of an evaluation of various GM tubes for N-16 gamma
radiation response (6 MeV). The Model N117-1 is the equivalent to our GM tube and was
provided by the same supplier. The intent of this information is to provide a basis for the ability
of the new CREATS Actuation Instrumentation radiation monitors (and GM tubes in general) to
conservatively detect radiation at an energy > 1.5 MeV, and thereby bound the analysis
previously provided.
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Any questions concerning this submittal should be directed to Tom Harding at (585) 771-3384.
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Executed on June 6, 2003 k/Q’,‘,\ % opﬁ/
Robert C. Mecredy
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Attachment 1

Cross References of Geiger-Mueller Tubes
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cross reference

LND, INC.

Phone : 516-678-6141 - - Fax : 516-678-6704 - - E-mail : info@Indinc.com

Geiger Tube Cross Reference Chart

Use the chart below to convert other manufacturer's part numbers toLND part numbers.

PHILLIPS/
LND, INC || CENTRONICS (| MULLARD || , 1 ors o || TGM DETECTORS
[ 7121 |[ ZPi200 || MX1d6 |[ 18503 || NA
[0 [ Zeizol || NA |[ NA [ N/A

[0 _j[_ZPmEm [ MXis |[_ sk ][ NA
[ 7807 ([ zei2z1 || NA | NA |[ N/A
[ 716 |[ ZP1300 |[ MXie3 |[ 1859 |[, NiI5-1/CI300 |
[ 7165 |[ ZP1301 || NA |[[ WA |[ Nii5-181/Ci301 |
714 |[ ZPI310 || MXI5I |[ 18509 || NII61/CI3I0 |
[ 7141z |[ ZPI311 | MXi® |[[ NA |[ NII6ISE/CI312 |
[ 7B E‘Zﬂ“.m__ [ NA NA NA

I | 2 . O O [ L R A S
ﬁm‘z‘z—m_ ZP1321 N/A N/A N117-1S/ C1321

|
|
[ 7016 |[ ZPlziv || MXiz0 || 18520 |[ NA |
|
|

r_ﬂ_fr—] | N/A [ NA [l N/A
ﬁm-jm?rjrm—jrﬁﬁsgjL N/A
[ 724 |[ ZP1400 |[ MXid7 |[ 18504 || N/A
[ 712 ~|f  ZP1401 ] N/A || NA [l N/A

[ 20 |[ Zeldiz | NA | NA |[ N/A
[ 7224 |[ ZPlAI0 |[ MX1a8 || 18505 | N/A
[ 72314 |[ Zrid30 |[ MxXie9 |[ 18526 | N/A

[ 72327 |[ 2P |[ MXId9 |[ 18506 || N/A
[ 724z |[ ZPiddl || Mxi5z |[ 1815 |[ N/A
[z |[ zpidiz [ NA | NA |[ N/A

S 1 S ) A N N AN | | A |

I Il il I Il
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Geiger Mueller Tubes

Dead Time Correction A | I “l I" ‘ I l L ’ I
GM tubes using conventional counting circuitry 18 gH
all exhibit counting losses due to the dead time vero e comrzemon | {118

factor, T. The factors cited in the Canberra tube data b s CIARTING RATE x
T OEAD TIME (MICROSECONDS) f

tables are based on the recommended operating ?'; 14 e.. 1 HH //é
7 A
/

T——
———
REEQ =]

TG
Sy

—175
-%-
i .
~ct
—

voltages and test circuits. The chart below enablesthe  § |, m " T

user to estimate the counting losses due to the dead /

time factor at high count rates. 12 7
i/

1.9 2

s

10' 210" &0’ 10° 2x10° 10 100 210" Bx10® w0' 2x10° e&«10* 10°

P

L1

L]

N
AANSN T

mn = MEASURED COUNTING RATE (COUNTS PER SECOND)

<
N1002
N1002-1
N1006
N1004_ | ZP1450
e

2000 Series
Pancake

TRk

| 7ei6Equiv.

Pl s o ZP1400
ﬁ o N208 s 1 ZP140T
< F224 e aN206 w0 1 ZP1410 .
A T N O T e
e R et e e L i N204/MHV |
W) BOT9 BquUivL i e L2201 P e INRO L
T e R T i e LT R P
ol 7232 L N2IOMNG ]
Bl T - TV N R P
~ 719 N107
2200 Series 2202 721 N106
Thin Wall 2206 720 N114
Beta 2211 725 N112
2216 N119
. i RS o ey T 79810 A S s
S e N NSB0B ] - ZP1200;

L 2300 Séﬁes :
0L Thick Wall-
. Gamma

. IR R 4 E it s xR

v S e e e FRO0RTRONT o | e e e
2406 716 N115-1 ZP1300

2411 714 N116-1 ZP1310

Miniature 2420 , Equivalent to Eurisys Mesures Mode! 4GE0M
2422 Equivalent to Eurisys Mesures Model 3G10
2423 Equivalent to Eurisys Mesures Model 4G15

2400 Series 2416 713 N117-1 ZP1320 (




Attachment 2

Model 713 Energy Response



T

v - LJ v ¥ A L Ld ' v 1
10! 102 | 103
Energy (keV)
Photon Energy Response of 713 "thin wall" GM tube,
normalized to unity at 662 keV with beam perpendicular to
detector wall.

—rrory

104




Attachment 3

The N-16 Gamma Radiation Response of Geiger-Mueller Tubes
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[Note: This article is reproducéd from: Proceedings of the Eighth International Congress of the International Radiation
Protection Association (IRPA8), May 17 - 22, 1992, Montreal, Canada, pages 652 - 655.]

The N-16 Gamma Radiation Response of Geiger-Mueller
Tubes

D. J. Allard, A. M. Nazarali and C. E. Chabot

Arthur D. Little, Inc., Acorn Park, Cambridge, MA 02140; WIPP, P.O Box
2078, Carlsbad, NM 88220; University of Lowell, 1 University Ave., Lowell,
MA 01854

ABSTRACT - This paper describes an evaluation of various Geiger-Mueller
(GM) tubes for N-16 gamma radiation response. The work is an extension
of investigations regarding the various radiation response characteristics of
these devices. Previously acquired photon energy response data were from
10 kev to 1.25 MeV. Utilizing the 6 MeV gamma ray of N-16, the pair
production interaction response with different GM tube styles was studied.
The new relative response ratios of N-16 to Cs-137 are presented with a
discussion of results. Additionally, two full energy response curves are
presented.

INTRODUCTION AND METHODS

Recently evaluations for radiation response characteristics of GM tubes with
respect to beta energy, dose rate, photon polar, and photon energy
response have been performed in conjunction with the NRPB in the UK
(Allard 1987). That work investigated photon energy response from 10 kev
to 1.25 MeV. The dominant interactions in this energy range are
photoelectric and compton scattering. An investigation presented herein
extended the photon energy testing into the 6 MeV range using an N-16
source. At this energy the pair production interaction will become more
apparent with respect to detector response. Various styles of "pancake",
mica end window, thin wall, thick wall and energy compensated GM tubes
were included in this study. The mechanical aspects of the various styles
are noted in Table 1 and TGM Detectors' product specifications. In this
evaluation a portable high voltage supply/digital scaler was set up adjacent
to the N-16 source at the University of Lowell's research reactor facility.
This source has been fully characterized for the specific purpose of
measuring response of portable radiation protection instruments (Neault,
1980). It should be noted that a 1.5 inch thick iron plate was placed in
front of the source to attenuate the high energy beta component and
provided secondary electron buildup. This arrangement also furnished an
exposure scenario that is similar to what is encountered in a nuclear power
plant. The various GM tubes were irradiated with the N-16 source at known
exposure rates, and observed counts and times recorded. Efforts were
made to obtain at least 10,000 counts for statistics. Similarly, the same

http://hps.org/hpspublications/articles/allard.htm] 6/5/03



The N-16 Gamma Radiation Response of Geiger-Mueller Tubes Page 2 of 4

detectors were irradiated with a calibrated Cs-137 source, The background
was measured in each area and corrections applied. Collected data were
then used to determine a count rate per unit exposure rate value. A
response ratio of N-16 to Cs-137 was then calculated in order to fold this
information into the previously acquired photon energy response
measurements made at NRPB.

RESULTS AND DISCUSSION

Table 1 is a summary of the N-16 to Cs-137 response ratios. As noted, the
relative response ratio varied from nearly unity to about two. Considering
the interactions and number of secondary charged particles produced, this
would be expected. If one were to plot photon fluence versus photon
energy, a peak would be observed below 200 keV. This is mentioned in that
GM tubes are basically photon counters, and will more or less exhibit the
same generally shaped curve. However, differences in GM tube construction
does cause notable discrepancies at high photon energies and variable peak
spread at low photon energies. Figures 1 and 2 are energy response curves
for a bare and energy compensated version of a GM tube. The data
presented are a combination of the NRPB and this study's results (i.e. N-16
data point).

Table 1. Ratio of N-16 Gamma Response Relative to Cs-137

GM Tube [|Ratio Comments |
N1002/8767 1.88 I Through mica window. [
| N1002/8NC || 1.90 |{ Through mica window. |
[ N1003 || 1.96 || Through mica window. |

]

I N201 1.71 Through 0.047" SS wall.
N205 1.90 || Through 0.010" SS wall.

N210/BNC || 1.58 || Through 0.109" SS wall.
H220/7840 || 1.90 || Through mica window.

I N107 1.61 ] Through 30 mg/sq.cm SS wall.
[ N112 1.65 || Through 30 mg/sg.cm SS wall.
I N114 1.73 —Fhrough 30 mg/sq.cm gwall.
I N115-1 1.09 " Through 80 mg/sq.cm SS wall.

|
| N115-151 || 1.42 |[ Through 80 mg/sq.cm SS wall with high Z filter.
| N116-1 |l 1.24 || Through 80 mg/sq.cm SS wall.
| N116-1SE || 1.63 || Through 80 mg/sq.cm SS wall with high Z filter.
|
|
|

L | I I N | R e e A e

——p [ N117-2 1.74 |[ Through 30 mg/sq.cm SS wall.
N117-1S 1.73 “ Through 30 mg/sq.cm S$S wall with high Z filter.
| n118-1 [ 1.03 || Through 120 mg/sq.cm SS wall.
_ N118-1S | 1.49 " Through 120 mg/sq.cm SS wall with high Z filter.
N302 [ 1.76 |[ Through 0.020" sS wall.
N305 1.82 || Through 0.010" SS wall.

http://hps.org/hpspublications/articles/allard.html 6/5/03
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| _N305S | 1.99 || Through 0.010" S5 wall with high Z filter. |
| NP315-6 ]I 1.52 || Through 0.020" SS wall, platinum plated Inside. I f
| NP334-6 || 1.48 || Through 0.012" SS wall, platinum plated Inside. |
| NP358-6 || 1:69 || Through 0.009" SS wall, platiniim plated inside. |

GM tubes will respond to any charged particle that enters their sensitive
volume. A discharge may be produced by charged particles directly
entering the tube through a mica window or thin cathode wall. Alternately a
discharge may result from secondary electrons; thus, the construction of
any given GM tube will greatly influence an energy response curve by the
complex contribution of primary photon transmission/attenuation and
secondary particle production/attenuation at various depths in the GM tube
window, wall or outer energy compensation filter. Again, the data shown in
Figures 1 and 2 are the relative response values for the GM tube on an
exposure rate basis. Because Cs-137 is a very common calibration source,
by convention 662 keV is used as the normalization point. This allows
comparison of tubes that may have quite different gamma ray sensitivities
due to overall size.

15

10 1 =

Relative Response
[ |

o L) L] L] L] LI B A A 4 I L L] ¥ LI B ) L L) T T LENE M BN §
1ol 10? 10} 1t

Energy (keV)

Fig. 1: Photon Energy Response of N116-1 miniature "thin wall" GM tube,
normalized to unity at 662 keV with beam perpendicular to detector wall.

As can be noted in Figure 1, the "thin wall" style GM tube with an 80
mg/sq. cm window provides excellent transmission for low energy photons
below 100 keV. However, relative to Cs-137 it does over-respond by nearly
a factor of 13 at 70 keV. This results from the high photon fluence being
transmitted through the cathode wall, a high interaction probability, and
the subsequent discharge events being counted. In the intermediate
energies the response is relatively flat, but does begin to increase slightly
above 1 MeV. The latter is due to the increase in number of secondary
charced particles from pair production. Over-response below about 200 keV

http://hps.org/hpspublications/articles/allard.html 6/5/03
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may be reduced by adding a thin layer filter of high atomic nhumber metal
over the tube with an appropriate open area. This effectively attenuates a
portion of the low energy photon fluence. With proper engineering, one can
easily obtain a +/-20% response from 50 keV to 1.25 MeV using a "thin
wall" GM tube and energy compensation filter. However, as can be noted
by comparing the response curves in Figures 1 and 2, the high atomic
number filter actually causes an increased over-response in the 6 MeV
range compared to the bare tube. This is no doubt due to energetic
secondaries produced in the energy compensation filter, passing through
the GM tube cathode wall and causing a discharge.
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Fig. 2: Photon Energy Eesponse of N116-1SE energy compensated miniature
"thin wall” GM tube, normalized to unity at 662 keV, same geometry.
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