Mirion Spectroscopic Stack Monitor — System Overview, Data, and Analysis
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s ABSTRACT r“—““ ""‘jA S'g.n.?t! — H A DE:tii Stl::,?;a o While historical data from several installations have been reviewed and analyzed, the resuits shown in this
& | The Mirion spectroscopic stack monitor is an autonomous system used to quantify releases of noble A\ / CqUISLIOL A Na'y=c2 =, section correspond to in-the-field measurements of stack releases at IRE. While the data from installations
g gas from stacks in real time. The system utilizes an electrgnically cooled HPGe detector along with an at medical isotope pl‘OdUCﬁﬂl‘l plants are dominated by Xenon Isotopes, installations at research reactors are
= automatic analysis device to achieve unattended operation. The system acquires data automatically Transistor generally dominated by Ar-41 but do produce smaller amounts of xenon and krypton.

: over l:eglular time intervals, perfc:[:ms analysis on the h_ve data to determine act!vljcy cnnc:entratmns and Reset I =5 Horizon RE Data . 0.99 keV FWHM at 81 keV

3 stack release rates, and stores the data permanently in a SQL database. Also, it is possible for the user Preamp r7 Software . ! S - keV

3 to set alarm levels on the reported activity concentrations or release rates and receive notifications TRP . Time series plot of xenon activities shown in Figure 4 g 020 EV WU a_t o rn‘e_asured o
S when alert or alarm levels are exceeded. To this point Mirion has provided three spectroscopic stack ( ) . Clear cycles of spikes in activity followed by slow t|.19 factor?f under ideal conditions

.. monitors to the STAX program as well as three more to national labs. These systems have been decay . Xe ratios for this spectrum

collecting continuous emissions data for nearly five years across three different continents. The . Slopes of the individual traces after each spike — Xe-135/Xe-133 = 0.00291

; resui?;lder:t;rlitrate tthe WlEde ?E?s#rement range, data quality, and the Q"'nTEfoDlEd operation Figure 2 — Schematic of the system signal chain from radiation detection (HPGe) to correlate with the half-life of each radionuclide — Xe133m/Xel31m = 3.98

: possible with the system. Eac 0 t_ ese systems have been calibrated with ISOCS™ mathematical data storage and visualization (Horizon platform) . Likely period of reduced production (5-6 days) where IRE Data

efficiency calibrations and then verified with Xe-133 and Kr-85 gas, and the results are both consistent '

47 - - . : the Xe-135 curve dlpS to the lowest point . Repurposing the data into a 4_i50t0pe p[ot

¥ and accurate across all monitors. Data from multiple sites are discussed and compared to factory L gt . <

3 calibration results along with an alternate lightweight design. SYSTE M P E RFO RM AN C E . Much less variability in Xe-131m than the other three (Figure 6) shows the high activity releases of
& : _ : ; ; i _ : IRE Spectrum the time series plot correspond to the points
Each system is calibrated using the ISOCS mathematical efficiency calibration tool and verified with Xe.-133. and . Spectrum (Figure 5) corresponds to the highest furthest to the right in the 4-isotope plot
SYSTE M OVE RV' EW Kr-85 gas measurements. Agreement within 3% was found between the measured and calculated efficiencies pes \ g = 0 The spikes in Fiqure 4 correspond to a high
at both Xe-133 (81 keV) and Kr-85 (514 keV) energies. System backgrounds were measured and a full spectrum actwllty point n fqure : Yo-T 32 /X-131r?1 i - =
The spectroscopic stack monitor accurately quantifies stack releases over a broad energy range (up to 3 count rate of 2.7 cps was found to be typical. These backgrounds and the efficiency were then used to calculate| - 15 minute acquisition = .m = '? e

% MeV) and activity range (100 - 6x109 Bq/m3 for Xe-133). It was designed specifically for noble gas detection the Minimum Detectable Concentration (MDC), see Table 1, of the system as a function of measurement time . Full spectrum count rate = 11,000 cps (8% deadtime)  ° Potentially pr?blematlc for discriminating

= (e.g. Xenon, Krypton, and Argon) in an unattended mode. There are now six systems operating in the field using the Currie formalism. weapons testing

(IRE, ANSTO, Niowave, and three at research reactors). The IRE system has been running nearly continuously 3 : : :

~__ for 4.5 years, providing large amounts of valuable data. The system, Figure one, consists of a modular design - An MDC of 100 Bg/m? (Xe-133) is achievable with the system 107+ 107

% with a control cabinet housing power distribution, the system computer, and the signal chain electronics and MDC (Bg/m?) 10°T

% a sampling skid that houses the HPGe detector in a 10 cm thick lead shield. e m
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o create spectr The accuracy of the system at high count rates is also an important metric as puffr : ; : :

£ eate sp gz | | . May have multiple workflows in parallel y orthe sy | g : : P : puff releases may create high While the spectroscopic stack monitor as designed

. Performs live time correction for accurate reporting ) /L ; count rate conditions. The dual source method was used to determine the accuracy of the live-time correction accommodates a larae dvnamic ranage. it is possible that th |

. with different analysis parameters, ¢ h hi h 127 i - : e gy IR A A, 2L Alternate geometry with
at high count rates dhzhe g performed by the Lynx MCA. In this method one source (Cs-137) is held at a fixed location relative to the activity concentration at some facilities is much higher than the Current geometry tunable efficiency

i SRR LinesliiatiesAEie detector that produces a low deadtime count rate (800 cps or 1% deadtime). A reference peak (662 keV) is level the system was designed for. In this case an alternate sample

7 . Provides a Ul to view live data and used to determine the baseline count rate in this geometry. A second source of a different nuclide (Eu-152) is geometry may be implemented e Figure 7. Here a smaller :

historical data then introduced at various distances to elevate the count rate incrementally. As the total spectrum count rate sample vessel can replace the éxisting Iarge.sarnple container

._:_:_' Horizon software increases the activity of the reference peak is monitored. The result, see Figure 3, shows the accuracy of the In this way the dynamic range can be adjusted by orders of .
» - Relational database for permanent data [ivfjt[;ﬂe CD"E;UD? gﬂsﬂaﬂfggitmnﬂ?fg?jﬂ?uEL;E(:It’[?‘n’?Er deadtime, and shows that the system accurately measured magnitude. Also, if weight requirements prohibit the use of a large
storage e activity upwards o : ps o : shield, a combination of smaller vessel and/or thinner shielding

Provides Ul to view historical data and . A 5% systematic error is introduced at 500,000 cps, this is taken as the upper end of the measurement range | ™@Y be implemented. ~500,000 cps ~60,000cps  ~25000 cps
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T et . The system will continue to count at even higher rates « Small Saum geometry to accommodate high activity Figure 7 — Alternate measurement
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= L)fﬂk’ and Data Aﬂ&f')f-'?tt health s L0 ++ bty ! ++ + ‘} i A “ b, 1: S The Mirion spectroscopic stack monitor shows excellent dynamic range, accuracy, and versatility. There
;, - Reporting feature — activities, system U 0,975 1 * > x are currently six sygtems in the field at research reactors and medical isotope production plants. IRE data
",- health é e < : : confirm the dynamic range is adequate for typical MIP releases and shows the importance of HPGe quality
;; Custom scripts & ¢ Xel3lm measurements for stack release characterization. For installations that require a lightweight version, adjusted
H We provide support to customize the 0.925 - 0l | S e 4 dynamic range, or custom scripts and reporting, customizations are available.
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, | _  Create custom alarms and Figure 3_— Accuracy of the Lynx MCA live-time Figure 4 — Time series of activity from the IRE system.

FiguTe 1= The MEL Spechmermn S M i notifications correction as a function of deadtime. At 95% Note the plot covers nearly 7 orders of magnitude. TECHNOLOGIES
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