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Use of the HPI Model 2080 Pulsed Neutron Detector at the LANSCE 
Complex - Vulnerabilities and Counting Statistics 

K. W. Jones' and A. Browman2 

'Amparo Corporation, 119 E. Marcy Street, Santa Fe, NM 87501 
'Los Alamos National Laboratory, P. 0. Box 1663, Los Alamos, NM 87545 

Abstract 

The HPI Model 2080 Pulsed Neutron Detector has been used for over seven years as an area 

radiation monitor and dose limiter at the LANSCE accelerator complex. Operating experience and 

changing environments over this time have revealed several vulnerabilities (susceptibility to 

electrical noise, paralysis in high dose rate fields, etc.). Identified vulnerabilities have been 

corrected; these modificatiofls include component replacement and circuit design changes. The 

data and experiments leading to these modifications will be presented and discussed. 

Calibration of the instrument is performed in mixed static gamma and neutron source fields. The 

statistical characteristics of the Geiger-Muller tubes coupled with significantly different sensitivity 

to gamma and neutron doses require that careful attention be paid to acceptable fluctuations in dose 

rate over time during calibration. The performance of the instrument has been modeled using 

simple Poisson statistics and the operating characteristics of the Geiger-Muller tubes. The results 

are in excellent agreement with measurements. The analysis and comparison with experimental 

data will be presented. 

Introduction 

Up to 77 HPI Model 2080 Pulsed Neutron Detectors have been used at any given time as 

interlocked area radiation monitors at the LANSCE complex. At present 39 instruments are in use. 

These instruments, which respond to foil activation, are especially suited to the high-intensity, 

short-pulse, low repetition-rate neutron fields produced at the Manuel Lujan Jr. Neutron Scattering 

Center (MLNSC). The duration of the source proton pulse is typically 250 ns at a repetition rate of 

20 Hz. These instruments are a digital version of the Albatross IV'. 
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In years past these instruments have served as part of the Radiation Security System (RSS) which 

provides for protection of personnel from prompt radiation hazards at the LANSCE complex, 

From initial procurement and deployment in 1988 to the present, several vulnerabilities have been 

identified and corrected. Confidence in the instrument as a safety system element has decreased, 

principally because of lack of redundancy; the instruments are now incorporated into the Run 

Permit configuration control system where they serve as an excellent area monitor system with 

beam shut-off capability. Data from the 39 instruments in use are recorded each minute during 

LANSCE complex operations, providing a wealth of information on operating conditions in 

neutron experimental halls. Instruments are also routinely used for area surveys and dose 

measurements during unusual operating evolutions. 

Operating Experience and Vulnerabilities 

This section details some operating experiences when problems were observed. 

Susceptibility to Electronic Noise 

Instruments initially deployed in Experimental Room 1 of the W S C  were found to fault for no 

apparent reason. Careful investigation showed that the analog output driver operational amplifier 

was susceptible to electrical transient noise originating from operation of the neutron shutters. The 

original operational amplifier was replaced with the LF356 amplifier, used in the Albatross IV. 

Operational testing demonstrated that this resolved the susceptibility to the transient electronic 

noise. All instruments used at the LANSCE complex have been so modified and no recurreflces of 

this problem have been noted. 

Electronic Hardware Failures 

After analysis of the failures of instrumats at LANSCE, we conclude that the most likely cause of 

instrument failure is an electronic hardware fault. The instrument was designed to prevent certain 

types of fail- but not all. While there is no redundancy built into the instrument, the direct path 

for catastrophic failures is short. 

The safe output (dual relay contact closure indicating instrument is not faulted) is controlled by 

relays that are driven, through a transistor, by a mmostable multivibrator. There are two inputs to 
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this multivibrator. Both inputs come from a Peripheral Interface Adapter (PIA) integrated circuit. 

The PIA is controlled by the microprocessor. The multivibrator has a time constant of 5 seconds. 

During normal operation when the safe relays are closed, the microprocessor pulses the 

multivibrator every second. This keeps the output of the multivibrator high which keeps the relays 

energized, closing the contacts. Should the microprocessor not pulse the input to the multivibrator 

then the multivibrator would time out in 5 seconds and the relays would open, dropping safe. If a 

condition occurs that should drop safe, then the microprocessor activates the second input to the 

multivibrator that instantly sets the output low, thus dropping the safe relays. This second input is 

used to immediately drop safe and the first input is used to keep safe made up. The purpose of this 

dual set of controls is to prevent the occurrence of a made-up safe state should the microprocessor 

itself fault. This is believed to be the most likely type of error to occur in a microprocessor-based 

instrument. The pulse input to the multivibrator is capacitor coupled to keep a DC level from 

activating the safe relays. This was also done to prevent a failure of the microprocessor from 

keeping the safe energized. 

The reed relay has two reeds inside the housing with no physical connection between them. If one 

reed were to remain closed the other should be unaffected and continue to operate. No other 

redundancy is built into the instrument. The transistor, multivibrator, and PIA could all cause the 

safe function to fail by inadvertently holding the relays closed. To date the only known hardware 

failure of this nature is an electrical failwe of a single pin on the PIA which caused the output to the 

monostable multivibrator to remain active when it should have been W v e .  There was no 

software redundancy to eliminate this problem by deactivating the pulse pin. This problem has not 

been resolved, but only one failure of this type has been identified. Any hardware item connected 

to the microprocessor could cause it to malfunction with unknown results. 

Another failure was identified when an instrument indicated safe in the absence of input AC power. 

The microprocessor is supposed to prevent this from occurring. The microprocessor normally 

asserts a “reset’ when a fault condition is detected. The “met” overrides a “unit OK trigger” 

signal and thus indicates a fault to the safe system. The failure was lack of ability of the unit to 
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assert the "reset" and hence the ' b i t  OK trigger" signal continued to indicate proper functionality. 

This problem was corrected by a wiring change which effectively causes the safe relays to open as 

soon as AC power is lost without relying on the action of the microprocessor gates. Two fail- 

of this type were identified prior to implementation of the change. 

Software failures 

To date there have been no known counting software errors in the instruments in use at the 

LANSCE complex. The counting software was tested by the manufacturer using a simulator 

(AVSIMOS by Avocet). This allowed the counting software to be tested at its limits when possible 

overflow errors could occur. The software is written in modules and each module was tested with 

data in the simulator before being implemented in the whole program. This allows for simulation 

both for actual data and numbers that may occur only during failures. 

Susceptibility to Severe Electrical Transient 

Instruments are deployed at LANSCE in unprotected areas susceptible to severe electrical transients 

during thunderstorms. These instruments are located in metallic weather-proof enclosures. After 

lightning strikes in the near vicinity of AC power distribution to the inStnnnents, failures have 

occurred in which the RSS relays remained closed but the instrument was inoperative and would 

not have detected a neutron flux. No two failure modes have been consistent, but in all cases 

voltage has been applied to the relays to hold them closed. In one instance both relays fused 

closed. Use of transient surge suppressers on the AC power distribution in unprotected areas has 

significantly reduced the failure rate. Prior to installation of these surge supressors up to three 

failum per operating period of this type occurred; the current rate is less than one per period. 

High Dose Rate Response 

The most potentidy serious vulnerability was identified in 1991. The circuit detecting current 

from the Geiger-Muller tubes which provides pulses to the microprocessor was found to be 

"paralyzable" when the instrument was placed in high dose rate fields. The Geiger-Muller (G-M) 

tube paddle was exposed to gamma dose rates from a 6oCo source ranging from 0.007 Rad hf' to 

Page 5 



2.95 x lo3 Rad hi'. It was found that the tubes completely saturated above -100 Rad hi' and 

were so non-linear between -10 to 50 Rad hi' as to be unacceptable. The saturation current from 

the G-M tube was found to be adequate to support detection of an average current of about 25 pA 

corresponding to a dose rate of -1 Rad hr-' without impairing operation at a lower dose rate. The 

G-M tube sensing circuit was redesigned to eliminate this vulnerability without altering other 

instrument features. Measurements in a high dose rate field verified proper operation of the 

modification, and a testing feature for this capability was also installed. All instruments in use at 

the LANSCE complex have been so modified. 

Non-critical Failures 

Failures of the analog output driver system have been encountere& these presently occur at the rate 

of about two per operating period. These failures do not affect the alarm functionality of the 

instrument but affect the analog data readout. In the last two years about one to two G-M tubes 

~ 

have failed each operating period; the tubes begin to break down. No direct cause has been 

identified. 

Statistical Performance 

The modifications to the electronics necessary to compensate for the high dose-rate response 

precipitated a careful study of the statistical performance of the modified instruments. Instruments 

are calibrated annually to meet regulatory qukments .  Calibrations am performed in static mixed 

neutron and gamma fields of approximately 20 mrem hr" and 50 mrem hf'. Instruments 

performed poorly in the mixed neutron-gamma source checks, showing fluctuations around the 

mean expected dose rate which were apparently larger than previous experience dictated. Further 

careful examination of the electronics yielded no reason for such fluctuations. The source of these 

fluctuations was then investigated in some detail, using both modified and modified instruments 

and sources available both within the using organization and at the central Laboratory calibration 

facility. 

It is important to note that the HPI Model 2080 should be "warmed-up" prior to performing any 

careful systematic checks. Drifts of a few percent in the balance were noted if the instrument was 
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simply turned on before commencing measurements. The same instruments, when tested after 

being turned on for about 1 hour (or more) exhibited no such drifts during balance measurements. 

A chart recorder was used to monitor the "LOGOUT" voltage representative of the measured 

neutron dose rate during neutron dose calibration measurements. The chart was calibrated in the 

"MAINTENANCE MODE for each instrument so that accurate dose rate readings could be 

determined. Calibration was done at +1.2 V (0 rnremh), -2.0 V (32 mrem/hr) and -3.2 V (256 

mremh). For the region of interest between 20 and 60 mremh the LOGOUT resolution is 25 

mV, resulting in a variable quantization uncertainty in the inferred dose rate. 

For each instrument the following checks were performed: 

0 

The instrument was turned on and warmed up for at least 1 hour. 
The instrument averaging time was set to 4 x 15. 
The balance check was verified in a 50 mrem/hr ~ C O  gamma field. 
The chart recorder was calibrated for the LOGOUT voltage. 
The neutron source was placed at the 42 mrem/hr position, and the activation of the silver foil 
was recorded for 5 minutes. 
The dose rate for the neutron source only was recorded for 15 minutes. 
The gamma source was added at the 50 mremh position, and the readout allowed to stabilize 
for 1 minute. 
The dose rate for the combined neutron and gamma sources was recorded for 15 minutes. 
Minimum, maximum and mean LOGOUT values for each of the 15 minute intervals were 
determined from the chart recorder output and converted to dose rate in mremhr using the 
accepted conversion found in the instrument instruction manual. 

The results so obtained are given in Table 1. 

Examination of the uncertainties for unmodified and modified instruments shows no clear 

distinction between performance for the two classes. During and after the experimental 

investigations it became clear that there was no fundamental problem associated with the modified 

electronics card. The question to be addressed was then whether the uncertainties observed are 

expected, or whether they may indicate deterioration of the instruments as they age. 

A carefid review of Ref. 1 and other archival information yielded some clues. According to Ref. 

1, the response of the G-M tubes to static, equilibrated fields is 0.65 cnts/sec/mrem/hr for neutrons 

and 7 cnts/sec/mrem/hr for external gamma rays. In the presence of a 42 mrem hr-' neutron field 

and a 50 m m  hr" gamma field, the count rate due to neutrons is about 27 counts/sec and due to 

gammas is about 377 counts/sec. This presents an interesting signal-to-noise ratio problem. In the 
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Table .1 
Experimental Data for 14 Instruments 

absence of the gamma source, the count rate due to neutrons is unchanged but the count rate due to 

the gammas from the neutron source is also about 27 comts/sec. 

The statistical counting processes for the Albatross IV and the Model 2080 are different. The 

Albatross IV was limited by the precision of numbers which could be stored in internal memory. 

The number of counts from the neutron tube was prescaled by a factor of 2 prior to processing, 

and the number of counts from the gamma tube was halved during processing. This results in a 

simple stahtical uncertainty in the net neutron count of d(N+3G) / 2 where N is the average 

neutron count in the averaging time and G is the average gamma count in the averaging time. The 

Model 2080 neither prescales nor rejects half the gamma counts. This results in a simple statistical 

uncertainty in the net neutron count of 4N+2G) where the definitions of N and G are the same. 

The statistical uncertainty portion of Table 1 of Reference 1 was rederived to account for the 

different statistics of the Model 2080. The results are presented in Table 2. 
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Table 2 
Single Standard Deviation (mrem hr-') for Neutron Dose Rate 

Columns indicate different Gamma/Neutron count rate rations (GM) 
For averaging time M, each value must be divided by h4 

32 256 2.000 3/464 5.292 6.633 10.770 
42 336 2.291 3.969 6.062 7.600 12.340 
52 5 12 2.828 4.899 7.483 9.381 15.230 I 

It is expected that the counts in the GM tubes will follow the accepted Poisson distribution for a 

given average. If the average number of counts in a given interval is p, then the probability of 

obtaining x counts in a given intervd is 

Px = (pX/x!)exp(-p). 

Assuming that the average number of counts for the neutrons and gammas are independent (a good 

assumption), then the probability distributions may be calculated. The probability distribution 

integrals may then be used with a random number generator to generate likely counts in a GM tube 

for a given interval. This approach was used to write a computer program to simulate the expected 

fluctuations in the observed neutron dose rate for the Model 2080 based purely on the statistical 

behavior of the GM tubes. The program allows the user to enter the neutron dose rate, the gamma 

dose rates due to the neutron and gamma sources, the averaging time of the instrument, and the 

duration of the run for which data should be generated. 

The results of calculations for the two calibration configurations for averaging times ranging from 

1 x 15 to 32 x 15 and runs of 30 minutes duration showed structure remarkably similar to chart 

recorder data recorded during calibrations. A statistical analysis was then performed for multiple 

runs (20) for each averaging time and calibration configuration to compare the amplitude of the 
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fluctuations to the statistically expected values in Table 2 above. The results are summarized in 

Tables 3 and 4. 

If calibrations are performed with the averaging time set to 4 x 15, then the mixed 20 mremhr 

calibration should result in average fluctuations of about 8-9 mremh with possible excursions up 

to 11-12 mrem/hr. The mixed 50 mrem/hr calibration should result in average fluctuations of 15 

mremjhr with possible excursions up to 19-21 mrem/hr. The situation is much improved for an 

averaging time of 16 x 15. 

TabIe 3 
Pseudodata Fluctuations for 20 mrem/hr Mixed Calibration 

Table 4 
Pseudodata Fluctuations for 50 mrerdhr Mixed Calibration 

It is also important to ensure that adeqate time is allowed for the activation of the silver foil to 

reach equilibrium; full activation is only reached after about 15 minutes. 

Summary and Conclusions 

Vulnerabilities of the HPI Model 2080 under realistic conditions have been presented. These have 

been corrected in instruments used at the LANSCE complex. Modifications to compensate for 
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paralysis at high dose rates stimulated a detailed study of the statistical performance of the 

instrument and changes to the routine calibration procedure. 

The statistical performance study yields these conclusions: 

There is no intrinsic problem with the modified circuitry which detects threshold current from 

the GM tubes, and there is no measurable degradation of instrument performance. 

Proper alignment of sources relative to the GM tubes is critical to proper calibration. 

Adequate time must be allowed for instruments to warm up prior to beginning calibration 

procedures. One hour is recommended. 

Adequate equilibration time must be allowed for foil activation after changing the incident 

neutron dose rate. A time of 15 minutes is recommended. 

Fluctuations are to be expected, and quantified measurements can determine whether the 

fluctuations for a given instrument fall within acceptable bounds. 

A chart recorder attached to the instrument LOGOUT is most valuable in measuring 

fluctuations and provides a permanent record of instrument performance during calibration. 

Use of a chart recorder is recommended. 

The HPI Model 2080 is a very reliable area radiation monitor for pulsed neutron fields. All but one 

of the non-fail-safe failure modes detected between 1988 and 1992 have been eliminated. No non- 

fail-safe failures have occurred since 1993. Non-critical failures occur at the rate of about 4-6 per 

year. 
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