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1. INTRODUCTION

]Thn Exploranium GR-256 4s a portable 256 channel spectrometer used to
record and analyze the Gamma Ray Spectrum. It is a microprocessor

based instrument and thus offers a large number of features never

previously available in portable instrumentation. The 256 channels

are spread equally over the entire Gamma Ray Spectrum of interest,
thus all discrete phenomena may be studied.

ine GR-256 has been designed as a versatile tool for a
1 applications including - ground radiometric surveys for

nertable vehicle surveys for hydrocarbon, smali
twetems, laboratory data analysis,

instrument is normally supplied with a 21 cubic inch detector (8.35L)
ot directly interfaces into 112 cubic inch and

t
Futectors. Via a special Ex

wide range of
uranium,

airborne survey

core logging services etc. The

256 cubic inch
ploranium interface a large variety of
'ther multiple detectors, as wel] as such speciality units as borehoie
leaging probes, may be used.

Yhn GR-256 makes gain controil essentié11y AUTOMATIC, a very critical
"ature for high accuracy Gamma Ray dat

a analysis. It is the first
“pectrometer to internally store data conversion/correction constants
Ln Al ow display of data 1in conventional counts/time period or
frectly in ppm eU, eTh and % K.

l Jrevious instruments were 1imited

crmanently located in the spectru
Uranium, Potassium and Thorium.

to typicalily 4 windows, often :
m, to record the naturail isotopes of
The GR-256 allows selection of 8

windows which may be located anywhere in the spectrum with any channel
idth. We refer to these windows as ROI (Regions of Interest) to
“tparate them from the 256 channels that cover the entire spectrum.

v unit” has dinternal memory storage,

stored inside the instrument for later data retrieval by computer
or other data recording device.

This allows much more efficient
“yrration and permits very high resolution analysis of the data. Up
14,308 samples of 4 channel ROI data may be stored or 62 complete
<56 channel spectra. ' :

thus a large amount of data may

" je stored data may be transferred to an accessory cassette recorder
I directly (via R5232) 1into a

portable computer. Exploranium can
praovide transfer and plotting software for the HP-85 and IBM-PC
ramputers.
!

1
Y 1hee

instrument may also be connected directly to a CRT display for
real time spectrum analysis.

Stored spectra may be also be plotted on
analog chart recorder.

The ROI' (or Spectra) data may be transferred (on the RS232 port)

P vectly to external storage or external processing devices, thus
Jowing unlimited data storage (a compiete spectra may be transferred
fin approximately 9.6 seconds). '

]
. -
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nternal clocks allow the instrument to record data in either a manual
© automatic cycle rate. The automatic mode permits operation from 1
2cond to 999 seconds to cover all normal requirements. ‘

>ectrum Stabilization is a feature built in to this instrument which
"lows optional use of an artificial radioactive isotope (typically
irium or Cesium) to automatically control system gain and protect
~om gain shifts caused by temperature effects or component aging.

~e external computer may be used to control all operating functions
- the instrument remotely by selecting the remote mode. This is
“ten useful during specialized laboratory analysis.

~er GR-256 1is powered by 6 — D cell batteries. If the recommended
"aline batteries are used then typically a 506 hour 1ife may be
‘opected, depending on local conditions of temperature and instrument
rmple rate. Rechargeable batteries may also be used as well as other
urces of external power.

8. In the following manual:
A) ALL FRONT PANEL PUSHBUTTON ACTIONS ARE IN UPPER CASE AND IN
SQUARE BRACKETS e.g. [SHIFT]
B) ALL IDENTIFIER FLAGS ARE IN TRIANGULAR BRACKETS e.g. <SET>

-~

SPECIFICATIONS

-1 Detector - GPS-21

“sstal s Sodium Iodide (Thalium) [Nal (T1)] crystal detector -
3" diameter by 3 inches long with an integral bl-alkali
photo—-multiplier tube.

‘solurion : Better than 9.8 % FWHM for Cesdium 137 at 662 KeV

ah Voltage: 7800 to 1860 Volts supply used to power the
photomultiplier tube. Special electronics
provide highly stable low-noise circuitry.

tput Pulses: Rise time #.5 uS, fall time 22 uS
Maximum output level + 5 Volts
Gain setting 8.5 Volts typical for 662 KeV
adjusted by internal 18-turn gain control
Qutput impedance 2800 ohms.

using Aluminum cylinder with water resistant seals and
internal thermal protection and shock mounting.

“erence source : Typically Cesium 137 -~ 15 Kbg (1 microcurie)
housed 1n an externally accessible mount on the
base of the detector.

“ensions : 4.5 dins. diameter by 16 ins. long
Weight 5 Kgs

~oerature : Operating range —-10 to +60 deg C
Storage range —-20 to +7% deq C.




GR-256 Spectrometer Console

Input Ampjifier and Automatic Gain Control |
t signal : @ - 3 volts from detector preamp11?1er output

> Shaping :semi—Gaussian, 1 uS time constant with pole zero
cancellation and DC restoration.

Automatic digital control by the microprocessor
over a range of + 26% 4n 256 steps.

Analog to Digital Converter

Wilkinson 2 megaherz, Conversion time (6.5 + @.5N) us
where N is the number of the channel being converted
€.g. Channel 1 - 7 uS : Channel 256 - 134.5 usS

el Width : 10 millivolts

Voltage Range : 50 millivolts to 2.5 Volts

rity : Differential - maximum 1 % between 50 mV and 2.5V
JIntegral — maximum @.3 % betwen 58 mV and 2.5v

Jarift 1 mv / deg C

sm input count rate : 20,800 counts per second when peak
displacement due to zero shift is less than 1 channel

?56 Channel Analyzer
iccess time from ADC : 24 usS
of channels : 256
im count rate per channel : 65,535.
ime correction : Automatic by sample period extension
Period : 1 to 999 seconds
of energy windows (ROI) : 8
ting range : between channel 1 and 255 as required.

igital Spectrum Stabilizer

nce peak setting : within range of Channels 20 to 127 (setting
Channel 8 switches the spectrum/stabilization OFF)

1 Mode: Automatic digital control by the microprocessor
of the gain of the shaping amplifier

e — i . A —.



stabilization sensitivity : 0.2 % (8.1 channel for Cesium at Chn.55)

“eriod of control adjustment : before beginning of measurement and
at intervals of 2080 seconds thereafter.

ference Source : Cesium 137 (662 keV) - setting the reference peak
: in Channel 55 gives an energy calibration of 12 KeV per
channel.

-7 Internal Data Storage — Memory

‘mory Capacity : 4,908 measurement points or identifiers
OR 62 complete 256 channel spectra

mory type : CMOS RAM, 32 Kilobytes with Lithium battery back-up

+ta storage time : Timited by battery life - typically 18 years
N.B. RAM memory will be preserved by the Lithium battery
when the instrument is switched off or the batteries
removed.

-mory checking : Memory is. checked automatically when activated,
Lithium battery condition is checked automatically

~ when 1instrument is switched on. :
-8 Data Outputs
' TRIAL CHANNEL - RS-232:

Use : To transfer data/spectra to an external computer
Also used for remote control of the spectrometer
by the computer.

Rate of Transfer : 300, 60@, 1202, 2400, 4800, 9600 BAUD -selectable

Format : 18 bits - 1 Start, 8 Data, 1 Stop (no parity).

Dutput Voltage : Logical 1 : =7V, logical @ : +7v

CRTAL CHANNEL - Kansas City II

Jse : To record, check and read data or spectra‘into a
standard cassette recorder

Rate of Transfer : 30@ BAUD

Dutput Voltage : 20 mV

nput Voltage : 1 V

Tape Winding Contron : Tape winding is enabled when a relay

contact 1in the spectrometer 1{s activated.
(max.voltage 58 V, maximum current 1A)




SLOW ANALLOG CHANNEL :

tl ] Use :

Output Voltage : @ to +2.5 V'

Plotting of spectra on aﬁa1og recbrders

Rate of transfer : 1 channel per second (can be adapted if
specified)

Range Control : Automatic selection of ver
microprocessor calculates

7 and sets range accordingly

FAST ANALOG CHANNEL :

p

tical range . The
the maximum data value

U Displaying spectra oNn an external oscilloscope

late of transfer 256 channels / 10 mS

Output voltage : @ to +2.5 Vv

Oscilloscope setting :
Vertical ampl

Time base 1 mS / division
ifier @.5 v / division
Time base triggering negative, internal, 0OC
]Switching of vertical range : Automatic or manual

in steps of x2
and /2 by means of pushbuttons on the sp

ectrometer

19 General Data

Diaplay s Liquid Crystal (LCD), 8 digits - 9mm high, and
E 8 ddentifiers used as flags.

Keyboard : Membrane type, 17 pPushbuttons, dust—resistant,
E waterproof and water—tight :

-

Audio Piezoelectric buzzer,

frequency 4 KHz. Used to give
} audio feedback from the keyboard and audio warnings

for end of measurement and error conditions

Pnrer supply : Internal - 6 D~cells

_ - Alkaline recommended
External - 8 -

15 V. @ 260 mA
kattery Tife : Minimum of 5p hrs of Mmeasuring time with
E ] recommended alkaline cells

> 30 Dimensions

]

1ze 238 x 90 x 235 mm
%ght : WitHout Batteries - 2.8 Kg - 6 1bs
- e With batteries - 3.5 Kg — 7.5 1bs
i



2:11 Temperature

Operating : ' —10

Storage : 20
.12 Accessories

btandard: 1

1

ptional: A.

L -
O
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to +55 deg C

to +78 deg C

GR-256 spectrometer console

GPS~-21 Detector assembly - 21 cu. ins.
Coiled cable to - deFector to spectrometer
Carrying case for the spectrometer

Harness assembly and shoulder strap

Aluminum carrying handle for the spectrometer
(detachable) -

Reference source - usually Cesium 137
Operating Manual
Padded, compartmentalised carrying case

Set of Alkaline batteries —(6)

Cassette Recorder - with interface cable.

P/N 929060
Cable — To connect to a personal computer via RS232
(detailed specs 1in Appendix A) P/N 92918

Power Supply - with cable for powering the
spectrometer from A.C. power and for recharging
batteries. P/N 92920

Universal cable adapter - for connecting alil
peripheral equipment to the spectrometer. P/N 92932

Special Test Sample — of Th and U concentrations for
ROI testing P/N 9294¢

Special Calibration Program -~ written in BASIC for
the HP-85 computer. P/N 9295¢

Special Calibration Program - written in BASIC for
the IBM-PC computer. P/N 92960

Special carrying handle for the GPS-21 detector to
allow use 1in a shallow borehole P/N 9298¢

Exploranium TEST cassette containing test programs
P/N 92985
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K. System maintenance manuals including circuit
. descriptions, schematics and parts lists. P/N 92930

3. DESCRIPTION OF INSTRUMENT

4.1 GPPS5-21 Detector Probe

The detector assembly contains a 75 x 75 mm (3 x 3") Sodium Iodide
[Nal (T1)] scintillation detector which 1is enclosed in a single
integral unit with a photomultipliier tube (PMT), a high-voltage supply
and signal preamplifier. The detector is thermally insulated and
housed in an aluminum cylinder. The unit is equipped with a handle
and 1s connected to the spectrometer by a coiled cable. A reference
{sotope disc source [typically Cesium or Barium with an approximate
activity of 15 kBq (#.5 uCi)] is mounted at the base of the probe
under a removable case. Thus the source may be easily removed or
changed +if required without opening the probe.

N.B.1. The activity of the reference source is very low and does not
qualify as a radiocactive source of radiation under
international regulations. There is, therefore, no danger for .
the user. Nevertheless, this source 1is registered and
should only be operated by a person who is acquainted with the
basic™rules of work with radioactive substances.

- 2. Although the crystal assembly is well shockmounted in the

detector, care should be taken to avoid mechanical shocks as
the crystal is of course very fragile.

i 3. Keep the measuring probe clean. Contamination must be avoided

- _ particularly when measuring strongly active samples or during

calibration.

3.2 Spectrometer Unit

.. The spectrometer unit contains circuits for -processing and analyzing

the measured signal including: a pulse shaping/ampliifier with
digitally controlled gain, an anaiog—-to-digital converter, a
‘microprocessor and other auxiliary circuits. The unit consists of a
rectangular aluminum enclosure containing 4 circuit boards, a front
panel keyboard and 2 Input/Output connectors. One connector is for the
detector input and the other for connecting to external power and
other peripheral units. '

The 1internal battery housing is accessible from the lower part of the
unit by a quick release door.

The unit is controlled by the front—panel keyboard which is a membrane
type, has 17 pushbuttons and is watertight. Very 1little pressure is
required to depress any of the pushbuttons and an audio tone as well
as tactile feedback confirm a key depression.

The entire unit has been designed to be water-tight. The main unit is
sealed by O-rings and the battery access door uses a compressible
rubber gasket for water protection. The internal battery compartment
is sealed from the main electronics unit. Thus any humidity present



when the batteries are changed cannot enter and damage the electronic:
circuits. :

A carrying case for the spectrometer is supplied as standard
equipment. This case offers some level of shock protection as well as
having loops which are utiidized by the shoulder carrying harness to
hold the unit snugly against the body. In addition a shoulder strap
may be used or the adjustable aluminum carrying handle. This variety
of carrying methods covers most user requirements.

3.3 Operating Controls

[ON/OFF ] ) Pushbutton for switching the instrument on and off

[START/STOP] Pushbutton for commencing the measurement or for

terminating any of the on=going activities including
measurement

[STORE] Pushbutton for storing parameters (or measured data)
including time of measurement, calibration constants,
reference position peak, energy windows (ROI),
sample heading, profile number, position of measured

point, spacing along profile, results of measurement
in memory

[SHIFT] Pushbutton for changing to functions in the upper part
of the keyboard (RED functions)

[CLEAR] Pushbutton for clearing the display when the keyboard

data are loaded and for erasing the contents of the
data memory

(3 - 9] Pushbuttons for loading digits

[~] Pushbutton used to increment the display through its
current functions .e.g. contents of channels 1in spectra,
energy windows, calibration constants, results of
measurements, or data memory. In scanning spectra, the
scanning rate- is automatwca11y increased 1in Four stages
if the push-—-button is kept depressed

o {v] Preceeding pushbutton similar to [~] but used to

decrement the display

The following pushbutton functions are 1initiated after pushbuttoh

. [SHIFT] has been pressed. Note that this is a RED key and all the .

following keys use the RED designation:

[+/-] Pushbutton for changing the Sign of loaded data; it can

also serve to produce a hyphen on the display, e.g. in
the sample heading

[ TIME] Pushbutton for checking or setting the Time of

measurement
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TROI1] (Regions of Interest) pushbutton for checking or
setting channel integration regions — windows -
(8 may be preset) :

W CALIB] (Calibration Constants).ppshbutton for checking or
setting the calibration constants

JIREFCH] (Reference Channé]) pushbutton for checking or setting
the position of the peak of the reference radionuclide

I[C/Cj (Counts/Concentrations) pushbutton for selecting the
type of displayed results, i.e. in counts/time period
or concentrations

J{{SPECTR] (Spectrum) pushbutton for manipu]ating the spectrum.

The next pushbutton determines the manner of manipulation and type
of peripheral equipment:

(@) - Dwsp1ay of channel number and contents on the display,
and of the complete spectrum on the external oscilloscope

(1) - Plotting of the spectrum on an analog recorder
(2) — Processing of the spectrum stored in working memory

(5) — Transfer of spectra to an external computer ONLY in the REMOTE
mode (i.e. by external computer command on RS-232)

(6) — Automatic winding of tape in the cassette recorder beyond a
particular spectrum recorded earlier :

[ e—

(7) — Recording of spectra on a cassette recorder

b (8) — To verify spectrum recorded on a cassette recorder by
re-scanning data and performing error analysis.

Tj (9) - Transfer of a spectrum from the cassette recorder to the
spectrometer

7 HEADER ] Check and setting of measurement sample heading

] (e.g. date) for recording of measurement results in data

memory
“POSY (Position) - check or setting of the location

identifier parameters of a measured point for
recording 1in data memory

..MEMORY ] Pushbutton for recalling data from memory.

- The next pushbutton determines the manner of manipulation and the
type of peripheral equipment:

. {(B) — Display of data stored 1in data memory

!aM
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(5) - Transfer of data to an external computer ONLY in the REMOTE
mode (i.e. by external computer command on RS$S-232)

l (6) - Automatic! winding of tape in the cassette recorder ‘beyond a
, particular set of data recorded earlier

] (7) - Recording data on a cassette recorder

]

(8) - Check that the cassette data was recorded correctly by playing
| the tape back and comparing the data

(9) - Transfer of data from the cassette recorder to the
! spectrometer

[USER] Pushbutton for initiating other special activities
1 according to the user's requirements. If the user does
1 not specify these requirements, a standard set of
activities will be provided (see Section 1 - Page 26).

l[REMOTE] Pushbutton for transferring control of the spectrometer
to an external computer. Note that ALL functions of the
keyboard may be activated by external computer controtl.
13.4 Display~
. A Liquid Crystal Display (LCD) is used 1in the spectrometer which
‘enables 8 digits and 8 identifiers (arrows) to be displayed. Apart
' from the digits @ to 9, the following symbols are displayed:

i . Decimal point which can also be used as a separator

- Minus sign which can also be used as a hyphen

; H (High) indicates UP direction on a profile, or the top
, L (Low) 1dindicates DOWN on a prbfi1e, or the bottom
' P (Peak Position) indicates the channel position of the

reference peak
s SOL (Step on Line) spacing along profile

£ (Error) error indication (see Section 14 — Page 48)

3.5 Meaning of Individual Identifiers

' <BAT> (Battery) indication of batteries running low;
measurements can be continued for about 1 hour

« <CONC> (Concentrations) the data 1is DISPLAYED/STORED 1in
calculated concentrations as follows:

] 1st ROI - Total Count channel (ppm U equiv)

2nd ROI - Potassium (%)
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3rd ROI — Uranium (ppm)
4th ROI - Thorium (ppm)

<STAR> (Stabilization) indicates that the spectrum

Stabilizer system is ON. A flashjng indicator shows
) that the stabilization procedure is in progress.

CACC> (Accumulation) indication of a measurement 1in progress

<I /70> (Imput/Output) indication of a data input or output
function with an external device is 1in progress.

4 <SET> (Setting) an instrument condition in which the displayed

data can be changed from the keyboard

<RMT >

»

(Remote) an instrument condition in which control has
been transferred to an external computer

<MON> (MONITOR) basic instrument condition 4n which the -
user's command from the keyboard s to follow

L OPERATIONAL™ INSTRUCTIONS

]l Battery Operation

The instrument ds shipped without batteries installed. After removing
the spectrometer from its case, the oval Battery Door may be removed

a 1/4 turn of the 2 fasteners. Six "D cell batteries are than
laced into the battery compartment as indicated. Be careful of
battery polarity. If the batteries are completely reversed the system

11 not function. However +if a single battery is reversed serious

#image can occur from chemical leakage of the batteries. Once the

batteries have been placed correctly 1in the compartment and the door
“yosed, the instrument 1§s ready for use,

N.H. 1. Batteries should be changed only when instrument is switched
OFF .
b 2. When the batterties are being changed, or the instrument is

switched off, the preset instrument parameters and the

measured data stored in the data memory are retained by the
Titthium battery.

3. If the dinstrument is to be stored for a longer period,
always remove the batteries from the battery compartment.
This will prevent the unit from being damaged should
electrolyte leak from flat batteries. Apart from ordinary
batteries, rechargeable batteries can also be used. These

§ batteries can be recharged without being removed from the

instrument by means of a special charger which is supplied
with the instrument as an optional accessory.

R LA
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The instrument can also be operated from an external power
source if required (8 — 15V DC). This may be necessary for
vehicle operations or if the unit 1is being used when the '
ambient temperature is below 8 deg C, as at low temperatures
the battery 1ife falls off sharply. '

4.2 On/0ff QOperation

] The instrument may be operated even if the probe has not been
connected. It is switched on by pressing pushbutton [ON/OFF]. The
display should show eight hyphens and the identifier <MON>. .

This condition is referred to throughout the manual as MONITCR.

The display may alsc show the error identifiers El or E2 - for details

refer to Section 14. Any other symbol on the display, even after the
] instrument has been switched ON repeatedly, indicates a fault in the

instrument. If a fault is indicated, see Section 12. The instrument
} may be switched off at any time by means of the same pushbutton.

4.3 Battery Condition Check

] The batteries are checked automatically as soon as the finstrument has
been switché&d ON, and every 20 seconds during measurement. If the
voltage drops below 6.5V, the identifier BAT will appear on the
1 display. The batteries will then last approximately another hour. If
the user does not change the batteries and the voltage drops below
5.5V, the display will show the error identifier E2 and the dinstrument
. can no longer be operated. It must be switched OFF and the batteries
changed. This prevents the instrument producing errors and further
discharging of the batteries which may cause damage, particularly if
rechargeable batteries are being used.

l The battery voltage can also be checked with the aid of the built—in
digital voltmeter - User Program 2 - Section 18.2

] 4.4 Battery Back—up

A special Lithium battery. which serves to retain the instrument

constants and memory data after the instrument has been switched off
+ or when batteries are being changed, 1is soldered to the CPU board of
the instrument. The lifetime of this battery is 14 years and it is
. tested each time the finstrument is switched on. A faulty battery is
. indicated by the error identifier EIl.

N.B. This battery 1is changed by Exploranium.

5. HOW TO PUT THE SPECTROMETER INTO OPERATION :

v 5.1 General

“ A1l functions of the instrument are controlled by the microprocessor.

- After the instrument has been switched ON, or after a particular
procedure has been terminated, the instrument fis switched to the

. MONITOR mode, i.e. awaiting input from the user via the keyboard.
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IMQ condition is
can be

@ basic parameters of the

indicated by the 1id
y 8 hyphens on the instrument's display.
used to interrupt any procedure and change to t

fhctrrument is ready for use immediately after

Tor Lthe

4)
) Energy windows ROI set as per:

-

G.5.C. test pads as follows:

Calibration Constants -

)

l

ROI - # 1 — Total Count:
Potassium:
Uranium:

Thor tum:

Lower -

Cil: 1870
C2: 112
C3: 34
C4: 18
Cot: 491
C6: 531
c7: -—483

The position of the reference channel REFC
use of Ces-ium for Spectrum Stabilization is assumed.
gives an energy calibration of 12 keV per channel.

Arrow <C/C> not shown on display.
measurement has been terminated,

Upper -
Lower -
Upper -
Lower -
Upper -
Lower -
Upper -

first time with the following parameters (also se

The period of measurement TIME is 248 seconds.

chn.
chn.
chn.
chn.
chn.
chn.
chn.

chn.

C8:

C9:
Cl10:
Cll:
ci2:
Cl13:
cila:

This means that,
the display will show the data

i in the indﬁvidua\ ROI's in counts/time period

the parameters of the instrument can be modified by functions TIME,
CAL.IB, REFCH and C/C from the MONITOR mode.
are retained even after the instrument has been switched
until the user modifies

3()1.
yarameters

<ff or when the batteries are being changed,

them again.
|

J.B. IF THE INTERNAL LITHIUM BATTERY 1S DEFECTIVE, THEN WHENEVER THE

entifier <MON> and usually also
"The pushbutton [START/STOP]
he MONITOR mode.

instrument have been set so that the
it has been switched on
e Appendix C)

70
255
110
124
131
149
194

216

}  Background and calibration constants CALIB for computing
Total Count activity and the concentrations of K,

U and Th.

—-1@
8@
3541
—-2444
282
—-386
12868

H is.55 as the
This value

The modified

UNIT IS POWERED OFF, ALL USER SET PARAMETERS ARE LOST.

xploranium's
Lrror identifier E1 (faulty

original parameters are reset into the instrument 1if the
1ithium battery) appears on the display-

In this case user set parameters have to be reset each time the

nstrument
replaced.

is switched on,

!

until the faulty Lithium batter

after the

y can be
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} 5.2 Period of Measurement - TIME

On pressing [SHIFT] [TIME], the display will show the period of
}'measurement set earlier and the identifier SET informs the user that
the data on the display may be modified.

Pushbuttons [B - 9] and [CLEAR] can be used to select a new period of
measurement. Pushbutton [STORE] is used to stdre the period of
measurement shown on the display in the {dinstrument memory, and control

is switched to MONITOR. The period of measurement can be set between
I and 999 seconds.

The [START/STOP] button may be used to terminate function TIME and

‘control is switched to MONITOR, however, 1in this case the perijod of
measurement will not change.

5.3 Energy Windows — ROI

On pressing [SHIFT] [ROI], 1L will appear on the left—hand side of the

Jisplay, the lower limit of the Total Count window on the right—hand
side and the €Hdentifier <3ET> is ON.

Pushbuttons [@ - 9] and [CLEAR] can be used to select a new limit. The
[STCRE] button is used to store the Timit shown on the display in the
linscrument's memory, and the display will then show the upper 1imit
(1H) of Total Count. Once this is set then similarly the limits of the
*nergy windows of Potassium (2L, 2H), Uranium (3L, 3H) and Thorium
EQL. 4H) . Four additional energy windows can be set (5/76/7/8) but

hey CANNOT be converted into concentrations by the unit. The

limits of the energy windows may be chosen between channel 1 and 255.
]

H.B. For users who wish to process other ROI data (e.g. Health
Physics), Exploranium can supply a special program for processing

ROl 's in an external computer.

"ypical R.O.I. settings:

R.0O.I R.O.I.
: # NAME PEAK MeV Lower Upper
1 Total Count —— 78 255
) 2 Potassium 1.46 110 124
3 Uranium 1.76 . 131 149
4 Thorium 2.62 1383 219
) 5 Cesium g.66 51 59
6 Iodide B.34 23 33
7 Barium @.35 25 35
‘ 8 Cobalt 60 1.33 104 118

The upper ROI 1imit must be higher than or equal to the lower ROI
fmit. If the lower 1imit is @ then the energy window is not used and
hree dashes apear on the display. For example, for sensitive
monitoring of the total radiation intensity, the reference
“pdionuclide can be removed from the probe and, with stabil{ization

ftched off, the Total Count energy window can be set from channel 1@
- 255, t.e. from 120 keV to 3 MeV.

l
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bushbuttons [(~1/7[v] are
(1) setting without C
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used to scan the preceeding/Fo1lowing window
hanging their value.

o shbutton [START/STOP] commences testing of the settings of the
energy windows.- Testing checks that the lower 14mit is equal or
%1ler than the uppev 1imit and whether the first four windows are of
n.oh-zero 1imits. An occurrence of a zero 14mit .in the f£ifth and
higher energy window automatically causes zeroing of 1imits of higher
rdows, terminates function [ROI] and control fis switched to MONITOR.
Lover, the last limit shown on the display does not change even if
dified. If an ervor 1s found then the lower 1imit of an
hown on the display, and an user must !
e system will switch to MONITOR.

it has heen Mo
‘ijcnrrect1y set window is s
jrrcch the error before th

14 packground and calibration Constants - CALIB

1

! A

| on pressing [SHIFT] [caLisl, 1- is shown on the Jjeft—hand side of the
lﬁp\ay. a . background value for the total activity energy window

ounts/min) on the right—hand side and jdentifier <SET> is ON.
L elg. 1= 32767 '
i

jshbuttons [@ — 9] and [CLEAR] can be used to select a new packground
L1e. PushbuTton [STORE] is used to store the value shown on the
ry, and the display will show:

fisplay In the instrument's memo
~

~

d value of the Potassium window. Then

the Uranium window and
£ the Thorium window.

?- rogether with the backgroun
31— and the background value of

+ 4~ with the background value 0
nterval @ to 65,535.

The packground value may be selected in the i

TJivee calibration constant Cs 1is used to calculate the Total Count.

Total Count Activity = QroT (ppm U equiv) = ip—2 . Cs . N2-
d 6 to 14 are the calibration

]ho other data shown on the display marke
Qu and Qvn:

constants Ce toO Cia for computing the concentrations Qx,
] Q)< = 1®—6 - [Cs - C’}' . Ca - !’\2]
Qu = 1_“"5 . [Cs . Cie - Cza - naj

Q‘\’h = 190—% . [C1z . Cimx Cia - nA]

Potassium, Uranium and
Thorium ROI (1in counts/min), with subtracted packground. The
in the interval from ~-32,767 to

calibration constants may be chosen
hbutton [SHIFT] and [+/-1-

]Where Ny, Nz, Na, Na aTe the Total Count,
] f sign is effected by pus

32,767. Change O
to be monitored without

Pushbuttons [vi, (] allow the constants
tem to MONITOR.

1 change and [START/STOP] switches the sys

-
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5.5 Position of Reference Channel — REFCH

JThe gain of the shaping amplifer is digitally controlled by the
microprocessor so that the peak of the refeérence source is maintained
in a selected channel. If low activities are being measured, e.g.
‘during geophysical mapping, it is convenient to use Cesium with an

denergy of 662 keV. The energy calibration of 12 keV/channel then
corresponds to the position of Cesium in Channel 55, If high

@wictivities are being measured, e.g. in measuring Uranium
'bineralization, Barium at 356 keV has to be used, because the gain
stapilization on the Cesium 662 keV peak is disturbed by the 689 keV
oeax of Bismuth 214, The position of the peak of Barium in channel 30
th=n corresponds to an energy calibration of 12 keV/channel.

4 .

On pressing pushbuttons [SHIFT] and [REFCH], P will appear on the
Nett-hand side of the display, the existing position of the reference
Jhannel on the right—hand side and identifier <SET> is ON.

/

Prion
-

t
Se2lect

>uttons [@ — 9], [CLEAR] and [STORE] allow a new channel to be
~ed and stored. [START/STOP] switches the system to MONITOR.

fhhr position of the reference channel may be set between channel 28 to
2 If @ is selected then the Spectrum Stabilization is switched

f.6 Concentration/Counts - C/C

The identifier <CONC> on the display indicates that the display will
+how the total activity (ppm U equiv) concentrations of K (%), U and
'h (ppm) after the measurement has been concluded. If 4t 1is NOT
Shown, the display will +dindicate the number of pulses counted during
the measurement period.

iressing pushbuttons [SHIFT] then [C/C] allows toggling between

Concentrations and Counts/Time Period. [START/STOP] switches back to
ONITOR.

A, MEASUREMENT

folding pushbutton [START/STOP] depressed for about @.5 seconds will
cancel the spectrum measured previously and initiate the measurement
f the next spectrum.

If the Reference Channel = 0, the measurement is begun immediately.
Ghe display will show the didentifier <ACC> and the selected period of
gasurement (1in secs) which 1is decreased each second by 1 (time count
aown). In this case the gain is not stabilized and only the batteries
Are tested every 200 seconds. If the battery voltage is less than
..5V, the display will show the identifier <BAT>. This 1s a warning
lo the user that the batteries are coming to the end of their useful
1ife, but measurements can still be continued for about 1 hour. If
‘e battery voltage drops below 5.5V during the measurements, the
dsplay will show the error identifier E2. The measurements then

cannot be continued, the instrument must be switched off and the
jatterﬂes changed.
i
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I1f the Reference Channel is _I'_I_QE g, then when a gamp]e per"iod is
“tarted a 4-second measurement is begun. During this period the
<5TAR> 1dentifier flashes on and off. After this measurement has been
concluded, the microprocessor will evaluate the position of the

reeference peak and correct the system gain if required. The spectrum
in then erased, the identifiers <STAB> and <ACC> are displayed and the
a7 tual measurement is started. The subsequent activity of the

instrument is the same as in the previous case, the only difference
thering that, in addition to the battery check, the position of the
referrence peak is evaluated and the gain corrected every 20 seconds.

[t the microprocessor is unable to adjust the gain the correct
level, the display will show the error identifier /E3 Jand control is
“witched to MONITOR. Provided the Reference Channel is set correctly
and the reference radionuclide 1s Tocated in the compartment at the
bottom of the probe, then this error indicates a fault in the
measuring probe. [see Section 12]

The end of. measurement is indicated by an audio signal. At the same
time, —-1— 1is displayed on the left side of the display and the Total
Count activity on the right—-hand side. If identifier <CONC> has been
wet., then the reading will be corrected for the background and
rxpressed in ppm U eqguiv. If the <CONC> arrow is NOT displayed, then
the Total CBunt is shown as the number of counts recorded during the

measurement in this energy window. _,fﬁgﬁ
LR omnny

The next/previous energy window can be displayed by pressing buttons

[~17[v]- If identifier <CONC> has been set, the concentrations’/of

window 2 — K (%) , of 3 — U (ppm) and 4 - Th (ppm) are displayed in
turn. If didentifier <CONC> 1is NOT displayed, then the number of
counts recorded in the appropriate energy windows are displayed.
Pushbuttons [1 - 8] can also be used to select the appropriate energy
window; however 1if a display of Concentrations is required then ONLY
pushbuttons [1 to 4] can be used.

If the data memory has been initiated, then the [STORE] button can be
used to store the number of counts, recorded in the energy windows, 1in
the memory of the instrument (see Memory Operations — Section 7), and
control 1is switched to MONITOR.

The [START/STOP] button can be used to interrupt the scanning of
results at any time, and control is switched to MONITOR. The
measurements are then not stored in the data memory. The sequence
[SHIFT] [SPECTR] [2] generates the same conditions as 1if the
measurement had been concluded 1.e. the results of the measurements
can be displayed again (see Section 8 — Spectrum Manipulation).

N.B. This unit utilizes automatic dead time correction by sample
extension, thus the actual time of measurement is extended to
compensate for dead time, ensuring no loss of data. Thus 1in areas of
high activity the actual time of measurement maybe substantially
longer than was preset but, since this is an automatic function, no
user correction 1is required.




'. . MEMORY OPERATIONS

The data memory of the instrument is capable of storing as many as
"33 measurement results or identifiers. These data can then be ’
_isplayed on the instrument's display, loaded via RS-232 into an
external computer, or recorded on a\cassette’recorder. :

’his internal memory may also be used to store 62 complete 256 channel
{poctra as well as special programs 1input from an external cassette
reecorder., '

-,

1:Lnrd1ng of Measured Data

RS Initiation — HEADER:

sifore the memory can be used, it must be inmitiated. Before beginning
"he initiation procedure, press [SHIFT] [TIME] to check whether the
ecuired period of measurement has been set. This is necessary
:cause, during initiation, the period of measurement is also stored
in the memory. Later, when the results of measurements are being
“wcorded, the period of measurement is compared with the period of
Teasurement stored in the memory during initiation. If these two
periods disagree, the error identifier E8 is displayed and the memory
i1l not store the data.

Un pressing pushbuttons [SHIFT] [HEADER], the disptlay will show the
first 8 bytes of the memory — usually the previous header. By
ressing any button but [CLEAR], control is switched to MONITOR, and
“his prevents the memory from being erased in error.

'ne [CLEAR] button is used to continue the 4nitiation procedure, and
Ais is indicated by two digits of the display being replaced with
hyphens. The next depression of the [CLEAR] button replaces the next
“nree digits with hyphens. In this condition, the initiation
~ocedure can still be interrupted by pressing any other button.
~Arter the [CLEAR] button has been pressed for the third time, the
testing of the data memory is begun and any data in memory is now
~s5ed. THIS PROCESS CAN NO LONGER BE INTERRUPTED.
Dur ing memory testing, "@'" flashes on the jeft-hand side of the
“iwplay and when the testing is completed available memory is
,isplayed on the right hand side of the display.. Different memory
wires give different results:

1 x 8K memory — flashing "@" test = 10 secs — size displayed 882
t 2 x 8K - = 20 secs - 1916
3 x BK - = 36 secs - 29408
“ 4 x 8K - = 4@ secs - 3964

N.B. UNITS ARE NORMALLY SUPPLIED WITH 4 X 8K MEMORY INSTALLED. IN THE

: EVENT THAT A MEMORY ERROR IS DISCOVERED ERROR IDENTIFIER E5 WILL
BE SHOWN AND THE RESULT SHOWN ON THE DISPLAY AS MEMORY AVAILABLE
MAY BE LOWER THAN LISTED ABOVE. THIS INDICATES A PROBLEM IN RAM
THAT SHOULD BE REPAIRED BUT THE INSTRUMENT MAY STILL BE USED
SUCCESSFULLY TO THE LIMITS OF RAM INDICATED BY THIS TEST.
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Indicator "H'" 1is displayed after the test has been concluded, and the
user loads the Header (e.g. the date of measurement) by means of

pushbuttons [@# - 9] and [CLEAR]. The [STORE] button stores the header
shown on the display in the memory.

After this procedure, control -is automatﬁca11& passed to function POS,
i.e. SOL (Step on line) will appear on the left—hand side of the

display, and the default spacing along the profile will appear on the
right—-hand side. -

N.B. IF SPECTRA ARE TO BE RECORDED AND/OR COORDINATE DATA IS NOT
REQUIRED, PRESS [STORE] [STORE] [STORE] TO SWITCH TO MONITOR.

7.2 Location on Profile — POS:

This procedure defines the spacing along the profile, i.e. the
distance between two points of measurement, referred to as ‘''step".
Also the direction of measurement along the profile is defined and the

profile number and position of the first point of measurement on the
profile are determined.

This function is initiated automatically by the [HEADER] function or
by pressing the [SHIFT] [POS] buttons. <SOL> (Step on 1line) is
displayed on the left—hand side and the '"step" on the right—hand side.
Pushbuttons [ — 9] and [CLEAR] can be used to modify its size. By
means of the [STORE] button the "“step" size, shown on the display, is
stored in the memory, and the procedure continues with the definition
of the position of the next point of measurement. The size of the
"step'" can be set to values from 1 to 99.

The display will show three sets of data. The data which can be

modified are marked with dots. Pushbuttons [v] and [*] are used to
choose:

a) The letter H/L on the left—hand side of the display defines
the direction up/down along the profile. The [SHIFT] and [+/-]
buttons can be used to change H to L and vice versa. '

b)  The next 3 digits define the profile number. With push-

buttons [@ - 9] and [CLEAR] the profile number can be set
to values from @ to 999.

c) .The next 4 digits define the number of the station along the

profile. With pushbuttons [# - 9] and [CLEAR] the station number
can be set to values from © to 9999.

The [STORE] button is used to store the displayed data in the memory
and control is switched to MONITOR. The stored data remain displayed.
Although this identifier has already been stored, it can be corrected

by repeating this procedure until the time the next measurement is
stored in data memory.

The initiation of the memory is thus concluded and the results of the
measurements can be stored in the memory.
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3 Storing of Data in Memory -~ STCORE:

hece the data memory has been initiated by functions HEADER and POS,
-he [STORE] button can be used (after the measurement has been
bneluded) to store the number of counts recorded in the first four
sectral windows, 1in the memory. If this procedurg is carried out
-arrectly, the control switches to MONITOR and the display shows the
_ecification of the next point of measurement, whose coordinates
srrespond to the given step and direction along the profile. In this
-Yve the coordinate data of the points of measurement do not take up
iny apace in the memory.

€ rhe proper progress along the profile has to pe interrupted either
~v nmitting one or several points, or due to a change in the Hstep' or
~yfile, the keyboard must be used to load the identifier of the next
pint of measurement. In this case the next identifier requires space
‘n the memory store, i.e. that of one measurement. IF MANIPULATION IS
"NCORRECT, the display will show an error identifier and the

nstrument will automatically prevent:
13

) The recording of the data in memory without previous
initiation of the data memory or when the data memory is being
' used for Pecording spectra (see sections 1¢.3/18.6) — error E6.
D) The recording of the data without the measurement being made,
' or the same data being recorded twice — error E7.
) The recording of data which were measured over a different sample

period from the one set at the time the memory was initiated
. - error E8.

3 The recording of data obtained at a point whose location on

! profile exceeds the value N > 9999 or N < @ - error EB8.

e) Memory full — error ES.

nte: 1f the memory range is exceeded at the next point, error
message d) 1is preceeded by a warning. The measurement which

was still within the memory range is stored. However,

instead of the number of the next point along the profile, four
hyphens are displayed. The [POS] procedure then has to be used
to define the position of the next point of measurement.

-

i

i

7.4 How to Check for Remaining Capacity of Memory -— FREE MEMORY
iressing [STORE] again after data is stored in memory will give the
error identifier E7 as well as the remaining memory capacity of the
}ata memory.

7.5 Retrieval of Measured Data:

{he data stored in memory can be displayed, loaded via RS-232 into an
external computer, recorded on a cassette recorder or recorded from a
Jassette recorder. The data manipulation is commenced by pressing
SHIFT] [MEMORY] and the [Specifier] button which determines the
number of the peripheral device and type of manipulation; the transfer
jtse1f is 4indicated by identifier <I/O>. :
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;, Display of Data Stored in Data Memory:
e |SHIFT] [MEMORY] [ @ ]

.+ dieplay shows the location coordinates of the last point at which

masurements were made and stored inimemory:
e.g. L. 34. 96¢% (L=Down the Line: 34=Line #:"96@=station #)

*he |v] button is used to scan 1in turn the coordinates of the
(rreceeding points, whose measurements have been stored in memory. With
thee [v] button depressed, the scanning rate is about 3 points per
cecond. The last to appear on the display 1is the sample header.
uenbutton [~] can be used to scan the memory in the opposite
girection.

‘1w acanning can -be interrupted at any time, and pushbuttons [1 to 4]
. 4n be used to display the contents of the ROI for the selected data.
it tdentifier <CONC> has been set, concentrations are displiayed,
mtherwise the numbers of counts recorded during the sample period are
hown. The [SHIFT] key is used to toggle the system from Count Rate
v, Concentrations and vice verca.

.

f1v. scanning of memory can be terminated at any time by pressing the
r1ART/STOPT button and control switches to MONITOR.

;.7 Transfer of Data in Memory via RS—232 to an external Computer:
F iyt set the Baud Raﬁe — see Section 10.8

Presa [SHIFT] [REMOTE] to switch the finstrument to external control
and <RMT> is set on— see Section 13 on external control of the
.prctrometer.

i 1-om Lhe external computer the seqguence [SHIFT] [MEMORY] [ 5 1 is
transmitted which then transfers data from the spectrometer via RS—232
to the computer. A sample program written in BASIC for an HP-85
computer and/or an 1BM—-PC may be obtained from EXPLORANIUM.

LR THE DATA TRANSFER COMMAND SEQUENCE CAN ONLY BE USED BY THE
COMPUTER AND NOT FROM THE SPECTROMETER KEYBOARD.

7.8 To Position the Cassette Recérdef to the end of a Record
specified by it's Header:

Ihts function is convenient for finding the required place on the
ca<sette automatically. e.g- If there are 5 blocks of data on tape
with Headers of 111, 222, 333, 444, 565 then if the tape is not
~itting at the end of Record 555 and more data is to be recorded then
the following sequence may be used to position the tape correctly.

tinplug the REM jack. Rewind the cassette recorder. to the start of
tapee by using REWIND. Press STOP, plug REM jack back 1in and press

LA



| ihe GR-256 ensure that the system is in MONITOR then pTess
“3HIFT] [MEMORY1 [ 6 1. An H will appear on the display and the user
ust now enter the required Header €e.g. 555‘and=then press [STORE]

The tape will now start to move and will halt when the end of the
?pecifﬂed record 1is found. ;

i

.7  Recording of Data Stored in Data Memory on a Cassette Recorder:

%V"Ddre the cassette recorder for data recording by unplugging REM
jacx . Press REWIND until the cassette is at the start of tape, press
‘TP, plug REM jack in then press RECORD and PLAY controls
fim;ltaneous-Wy and set VOLUME to 5.

- neore the required data is in the spectrometers memory, then press

tTHiFT] [MEMORY] [7]. The 1etter H is now displayed on the left side
pr tne display and the record Header is entered by the user — a

vy tmum of 5 digits — e.g. 111 —-which is also recorded on the
-,-.uette. The user then commences recording the data by depressing

~he [STORE] button. The recorder will now start (red LED on) and the
. vt e will run. The GR-256 display shows ©OIH and the Header.

me data are recorded on the cassette in blocks of 32 measurements.
“ree recording time of one block is 9 seconds. The synchronization
nlock (frequency 2.4 kHz) is transmitted first for a period of 19
irronds. This is followed by transmission of the data blocks,
_Lcndrated by a 2.4 kHz synchronization block of 2 seconds. The
Lermination block, with a frequency of 1.2 kHz, is transmitted for 5
weeconds after the last data block. This recording pattern aliso
&nables simple orientation along the tape by removing the EARPHONE
syack and listening to changes in the audio tone. During data
tranamission, the left side of the display shows @1H and right—hand
s e the external header. The left side of the display increments as
44+ .a is stored from @2H to a maximum E4H (equal to 124 blocks of
data). A full record is transmitted into memory in 2 minutes 25
seeconds, and the instrument is then switched to MONITOR. If all 64
spectra have been recorded then data transfer time 1is approx. 23 mins.

nara recording can be interrupted by means of the [START/STOP] button
1rd the instrument switched to MONITOR. However, this pushbutton is
-ynly checked by the microprocessor after the transmission of each data
block has been terminated so it is necessary to hold the key or press
i+ repeatedly to ensure the system reads 1it.

Once data transmission is complete press STOP on the cassette
~ecorder to switch the unit off.
7.18 Verification of Data Recorded on the Cassette:

tecorded data may be verified by playing it pback into the spectrometer
and comparing it to the original data still stored in memory.

repars the cassette for playback by pressing [STOP], then rewind the
tape to Just pefore the record of interest. 1f the user keeps track
~f the cassette footage counter it is relatively simple to locate a
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cven record quickly. If footage is not recorded then an approximate
; je usually adeqguate as the system does not transfer its data

-t 11 the CORRECT Header is located.

i

reevr,

v ens [SHIFT] [MEMORY] [8] — the display will show the letter H and
'he usmer is required to load the header of the data block to be
‘petend.  The [STORE] button is used tio start the cassette. The record
venderrs are shown in sequence on the instrument's display and, in this
~ovdre, the user s able Lo accelerate the location of the required data
“he b by using the Fast Forward and Rewind buttons.
At ter the correct header is located, the data contents on tape are
' heen transmitted to the spectrometer and compared with the data 1in the .
4ata memory. If there is no error in the record, control is switched
o MONTITOR, otherwise an error identifier 1s displayed — see Section
MR 1f an error occurs, repeat the above procedure and if the error
y.-. 1111 there data must be recorded again. If the varification
o wduire fails again, the fault must be looked the cassette recorder

the connecting cable.

b

e [START/STOP] button can be used to interrupt the record check and

~itch t.o MONITOR.

v 11 Transmission of Data from Cassette to the Spectrometer:

Ay data recorded on the cassette can be transmitted back to the
wpeec trometer.

Preas [SHIFT] [MEMORY] [ 9 ], the display shows letter H on the left
« {de and the user loads the header of the required data sample

L. 111, The cassette 1is prepared by removing REM Jjack, REWIND then
100, insert REM jack, press PLAY. The [STORE] button is used to
commence data transmission from cassette to spectrometer.

Aitor the spectrometer has found the required sample on tape, the

. ontents of the record are transmitted into the Working Memory of the
- poectrometer. If the data transmission was successful, control is
witched to MONITOR once the transmission is terminated. If an error
(¢« discovered (disagreement of check sum) the display will show an
rrror identifier — see Section 14.

“her [START/STOP] button can be used to interrupt the data tranfer at

any tLime. The transfer of further measured data to the Data Memory
may only be continued after running the POS procedure.

8. SPECTRUM MANIPULATION

AftLer a measurement has been concluded, the spectrum is stored in the

internal Working Memory of the instrument. This spectrum can be
displayed on the instrument's display, on an external oscilloscope,
plotted on a analog chart recorder, transmitted via RS—~232 to an
external compuler or recorded on a cassette recorder.

The transmission of the spectrum is commenced by pressing pushbuttons
[“HIFT] [SPECTR] and the [Specifier] button which determines the
Smner of the peripheral device and type of manipulation; the

iesion itself is indicated by the I1/0 arrow..

traeneam
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.. Output data to LCD display and external Oscilloscope

Vv [SHIFT] [SPECTRUM] [ 8 1. The left—-hand side of the display
~:11 show the channel mumber and the right—hand side the number of
caunts in this channel. Both parts are separated by a full stop. If

“ne ecternal oscilloscope is connected to the analog output of the
“aantrument, the whole spectrum can be observed. The channel numbers
"+ .. energy) from 1 to 255 are displayed horizontally, and the
crenponding channel contents (number of counts) are displayed
.+ tically. The representation is linear in both directions. The
.- 'rum is transmitted by the analog output in 18 mS with a pause of
st 20 mS then repeated. The channel shown on the fdinstrument
vv pulses on the oscilloscope. The oscilloscope is adjusted as
1mS/Division — 8.5 V/Division
Trigger - Negative, Internal, D.C.

“ntttons [v]/[*] can be used to scan the channels. Channel 8 is
vt to store the sample period:-

“+ siertical range of the spectral image on the oscilloscope can be
wt:roiled automatically or manually. The vertical scale of the
irvay on the CRT 1is set automatically relative to the highest
~annel in the spectrum. In most cases this is the peak of the
retereence radionuclide. If weak peaks are to be observed, it may be
«~cengary to increase the vertical sensitivity. This can be done by
deeenving [SHIFT] and [~], which multiplies the spectrum by a factor of
This can be repeated up to the range which corresponds to 256
cants per 2.5V, In this case, the contents of the channels whose
alues have exceeded the set range remain at maximum value, and do not
ot ically disturb the scanning of the weak peaks. The spectrum

~rtical scale is divided by two if pushbuttons [SHIFT] and [v] are
¥oeer,needd .

vee [START/STOP] button is used to terminate the display of the
f cctrum and to switch to MONITOR.

-
.

Plotting a Spectrum on an Analog Chart Recorder:

b analog output (Slow Analog) is connected to an external chart
recorder. The recorder must be set to 2.5V FSD. The horizontal time
ale of the recorder may be set as required by the user. The data is
tput at a rate of 1 channel/sec so a scale of 18 sec/cm is usually
ropropriate.

reas [SHIFT] [SPECTRUM] [ 1 1. The full scale range is set
tomatically to contain the maximum channel amplitude. The range is
then shown on the display and the analog output transmits the maximum
alue. The user sets the sensitivity of the plotter and after

~u255ing the [STORE] button, the transmission of spectrum is begun at
4 rate of 1 channel per second, 1.e. the whole spectrum is transmitted
ir about 258 seconds, and control is then switched to MONITOR. (This

it transfer speed may be adjusted by Exploranium to suit specific
crearders if r‘equ‘ired).



It transmission of the spectrum can be interrupted by pressing the
[ TART/STOP] button and control is switched to MONITOR.

ig.1 Processing of Spectra

Ithin function enables the spectrum,'stored in the Working Memory, toO
,be processed.  When a data sample 1is taken the entire spectrum for
that. sample period is stored in the Working Memory. Once the sample
e in memory, an automatic processing calculation is carried out to
AJllow R.O.I. window data to be viewed on the display. If the R.0.I.'s
i yrev changed then by pressing [SHIFT] [SPECTRUM] [2] the spectrum is '
reprocessed allowing the new R.0.I. data to be displayed using the

same gpectrum.

[—

Wren a spectrum is input to Working Memory from a cassette recorder -
y meer section 8.8 — is is necessary to press [SHIFT] [SPECTRUM] [2] to
j process this data before viewing it on the display.

Ine end of processing is indicated by an audio signal. At the same
time, 1- is displayed on the 1eft side of the display and the Total
Count. activity on the right—hand side. If jdentifier <CONC> has been
<t . then the reading will be corrected for background and expressed
1t ppm U equiv. I1f the <CONC> arrow is NOT displayed, then the Total
j Count. 1s shown as the number of counts recorded during the measurement
in this energy window. The other R.O.I. can be viewed by pressing [(~1

(vl

L)

8. 4 Transmission of the spectrum via RS-232 into an external computer:

. Set. the Baud rate to (usually) 9608 - see section 18.8 and then press
(%1HIFT] [REMOTE] to switch the urit to the REMOTE mode — see Section
4. The sequence [SHIFT] [SPECTRUM] [ 5 ] from the computer then
tnit jates data transmission from the GR-256 to the computer via RS—
2372, A BASIC program for transmitting the spectrum into an HP-85 or
+n IBM PC may be obtained from Exploranium.

4 5 pPositioning the Cassette Tape to the end of a File Specified by
it's Header:

ints procedure'1s used to position the tape to a particular position
~ithout recording any data. It is a similar function to Section 7.8
t.ut. 1s used when SPECTRA are recorded on tape. This function is
convenient for finding the required place on the cassette
automatically.

irepare the cassette for use by unplugging the REM jack, press REWIND
« o rewind the tape, STOP to terminate rewind. Then insert REM Jack
and press PLAY. Then press [SHIFT] [SPECTRUM] [ 6 ] on the
pectrometer.  The display will show S and the user must input the

v vender of the file required. Press [STORE] to commence the procedure.

‘v tape will now advance and stop at the end of the specified file —
- ystem then switches to MONITOR. .



T«ploranium GR—-256 Manual 26

4.6 . Recording the spectrum on a Cassette Recorder

SWitn a4 spectrum in Working Memory and the spectrometer 1in MONITOR

.li

[————

s [SHIFT] [SPECTRUM] [ .7 1, the letter. S appears on the left-hand
vvtr of the display and the user is required to load the external

reenver of the spectrum, a maximum of 5 digits — e.g. 11111 — which is

W15 recorded on the cassette. Set;the cassette recorder for

ce srding by unplugging REM Jack and pressing REWIND then STOP.

.. .t the REM jack, ensure that Volume is at 5, zero the footage
~,»terr and press RECORD and PLAY simultaneously. Now press [STORE]

. ~tart the transmission of the spectrum to the cassette recorder.

“r.e+ wpectra are recorded on the cassette in two data blocks. A
nwronization block with a frequency of 2.4 kHz is first transmitted
2 period of 18 seconds. This is followed by the transmission of
1w+ data block, a 2.4 kHz synchronization block for 2 seconds, the
44 e block and finally the termnation block with a frequency of
.+: for 5 seconds. This recording pattern enables .orientation on
tape by removing the ear jack and listening to the data
- yeewmission. During the transmission, the display shows:
* . on the left and the Header on the right.
..+ a few seconds the display changes to:
and the Header which signifies that the second half of the
.. tLrum is being recorded on tape. The whole spectrum is recorded on
. .ssette ™Mn 35 seconds and control is then switched to MONITOR.

“he transmission of the spectrum may be interrupted by the
~*XRT/STOP] button and control switched to MONITOR. However, this
L.,.mbitton is only tested after the transmission of each data block
*a- heen terminated.

Data Verification of Spectral Data Recorded on the Cassette:

“ w1 a4 spectrum has been recorded on the cassette recorder, it can be
e wed for data errors. The tape 1in the cassette is rewound by means
+ .. REWIND button (after REM Jjack is removed) to a point before the

t e or.t to be checked, the REM jack inserted and the recorder switched

C LAY,

]

nressing [SHIFT] [SPECTRUM] [8], the letter S appears on the
~~ulay and the user 1is required to load the header of the spectrum to
‘e tested — e.g. 11111. The [STORE] button is used to commence the
;v aving of the cassette. The block headers are displayed in turn on
<+~ instrument display, and in this mode the user is able to
2+ ~lerate the search for the spectrum to be checked by using the FAST
i -waARD and REWIND buttons.
.. = tne spectrum header, loaded by the user, has been found, the
-t ent of the cassette is transmitted to the spectrometer and
.. =giared with the spectrum stored there. If there is no error in the
~+, control is switched to MONITOR; otherwise an error identifier
Jt=played — see Section 14. If the error occurs then the procedure
" be repeated. If the two records do not compare even after
.- 4 fault in the cassette recorder or connecting cable is

ot e,



Ihe [START/STOP] button can be used to interrupt the check at any time
A Lo switch To MONITOR.

1.8 Transmission of the spectrum from Caséette to the Spectrometer:

“ny spectra recorded on the cassette can be transmitted back to the
pectrometer.

eewind the tape to the start (or Just before the spectrum of
nterest), then press [SHIFT] [SPECTRUM] [ 9 ]. After the letter S is
‘i.played, the user loads the header of the spectrum and switches the

v.wette recorder to PLAY. The [STORE] button is used to commence the
- .nemission of the spectrum from the cassetle to the spectrometer.

~ttorr the required spectrum is found, the contents of the record on
L wrtte is transmitted and recorded in the Working Memory. 1f there
o error in the record, control switches to MONITOR as soon as
-y anamission is terminated. I1f an error occurs in the record
ti-aqreement of check sum) an ervor identifier will appear on the
sv.play — see Section 14.

“raes [START/STOP] button may be used to interrupt the transmission of
wpectrum at any time.

-~

a. CONTROL OF SPECTROMETER BY EXTERNAL COMPUTER

i {;--1 set the RS—-232 Baud rate -—see Section 18 — then on pressing the
“wI1FT] and [REMOTE] buttons, the identifier <REM> appears oOn the
tiwplay and control is switched to MONITOR. From then on, all the

cunections of the spectrometer can only be controlled from the computer
. {1 the RS—232 interface. '

,-nbhuttons [@ — 9] are controlled by transmitting the button
wecignator (@ — 9)from the computer to the spectrometer. The other
‘.,ttons have the following destignators (the four highest bits are

< oeed by the reading procedure of the spectrometer):

[v] 12
(1] 11
[START/STOP] 12
[STORE] 13
[SHIFT] ' 14
[CLEAR] 15
.. «pectrometer sends character "U" (ASCII - 85) to the external

. omputer to acknowledge completion of the required function.

"he communication protocol can be seen from the programs in Appendices
H.

‘ree [REMOTE] mode can be terminated from MONITOR by means of the
:ﬁ1ART/STQP] button on the spectrometer.
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| Transmission of the Spectrometer Display Contents to the Computer

the spectrometer is controlled by an external computer (REMOTE
de) and if control is switched to MONITOR, then character "?" (ASCII
63) transmitted via RS-232 to ‘the spectrometer, will cause the -
ntrnts of the display to be transmitted immediately via R5-232 to
» computer (8 bytes). In this way the contents of the display can
s ransmitted to the computer at any time, decoded "and, if necessary,
ueer can be informed of any error conditions.

USER PROGRAMS .
~+ nf the program memory of the spectrometer is reserved for special
~= programs which Exploranium may produce at the user's request and
A !t in the EPROM memory. As a matter of routine, this memory

>ains 10 special programs, some of which have a diagnostic -
yacter. These programs may be loaded into RAM from a cassette

v-der but the standard set listed below are incorporated in the
~truments EPROM.

USER PROGRAMS CAN BE INITIATED ONLY WHEN THE SPECTROMETER IS IN
N ITOR MODE.

ireasing the [SHIFT] and [USER] buttons, a hyphen will appear in
~ poesition Of the second digit from the left on the display; this
+:-ates that the user memory is in the instrument. Pushbuttons

- 9] can then be used to select the required user program. The

~cution of most of these programs is indicated on the left—hand stide
:»e display by the number of the user program and a hyphen.

Program # 1 — GAIN

n-ogram displays the current value of the gain set by the
»omatic digital stabilizer. Pushbuttons [@ — 9] and [CLEAR] can be
. 4 5 set the gain to values of @ to 255, and the [STORE] button to
sre it in the memory; then control is switched to MONITOR. The
"ART/STOP] button can be used to switch to MONITOR without changing
e gain value.

ew ISHIFT] [USER] [ 1 ], the display will show 1- (User 1) on the

.er < ide and the gain setting on the right. A gain setting of below
o1 above 208 indicates the automatic gain system is nearing the end
ft+« control range. See Section 12.5 if this is the case.

'~ program has a diagnostic character and can be used to test, for
_amp e, the correct functioning of the gain stabilizer.

roagram # 2 — VOLTMETER

. ~“ngram serves to measure the voltage of the battery after all
weer nmas been switched on, 1.e. under full load. The measurement is
out periodically each second. By holding the [START/STOP]
depressed for about 1 second this function can be terminated,
“t1al switched to MONITOR. '




e | SHIFT] [USER] {1 21, the display shows 2— (User 2) on the left
.4 the measured voltage on the right.

uld the voltage be in the range 5.5 - 6.5 V.-the sign <BAT> will be
Should the voltage be lower than 5.5 V error message EZ

aplayed.
displayed and the unit should be switched

tangeae batteries) will be
.

4.3 Program # 3 — FETCH SPECTRUM

~fore using this program, the user should first study the section on

r o ing the spectra = Program 6 below.

.~ Lnaquence [SHIFT] [USER] [ 31 [ N1 [STORE] ( where N = 1 - 62)
vv e used to transmit the appropriate spectrum from the Data memory
n the Working Memory (in which a spectrum is stored after a
neeasurement has been completed). After the transmission has ended,
ontrol is.automatica11y switched to MONITOR and N (Spectrum #) 1is

tiaplayed on the right—hand side of the display-

i program together with program # 6 — STORE spectrum — is used for
© e quantitative calibration of the spectrometer = see Section 11.

1.4 Program # 4 - PEAK/RES
i rom the last measured spectrum, the program will compute the position
of the reference peak and the FWHM energy resolution.

preeenn [SHIFT] [USER] [ 4 1, the 1eft side of the display will show the
cosition of the reference peak, the right side the energy resolution
irr Y, and control will be switched to MONITOR.

e.g. 54.9 6.5
‘hia example shows that the energy peak was at channel 54.9, ideally
{+ <hould be at 55.0 but a value above 54.5 1is QK. This channel

poc it ton gives a very good idea on the gain stabilization accuracy of

rhee aystem. The Resolution of 6.5% in the example 1s excellent.
Cecolut ion levels of up to 8.5% are common. System accuracy for
normal radiometric analysis is not degraded if Resolution is ljess than
1.8 %, The Resolution is 2 very useful parameter to monitor from

t tme o time as a sudden fincrease of Resolution may indicate an
imm inent detector fFailure.

To determine the energy resolution accurately, the period of
measurement should be longer than 5@ seconds. On the other
hand, 1f the period of measurement is longer than about 500
channel may overflow (more than 65,535 counts) .
uted and the display will

Hote:

<nconds, the
The energy resolution 1is then not comp

<how the error identifier E21.

s o6 Program # 5 — SCAN

i1 1a program allows automatic cycliing of the spectrometer. It measures
e tra repeatedly for the period selected by‘function TIME - the
e 1rcted sample per-iod may be selected between 1 and 255 secs. 1f




nis period is longer than 255 seconds, the measurement 1is only
rried out for 255! seconds. After the measurement has been
yne luded, the number of counts recorded in the lst ROI (normally
“otal) Count) 1is calculated and displayed. e

vnn [SHIFT] [USER] [ & ], the display shows 5— (User 5) on the left
-+.¢ rthe counts or concentrations on the right which is updated at the
“ixe sample rate.

vould the spectrometer be in the REMOTE mode, the contents of the
[ROI] (5 digits) is transmitted to the computer — the next
a-urement continues after receiving character wcr (ASCII — 67) from
.+ computer. By holding the [START/STOP] button depressed for about
econd, the program is terminated and :control switched to MONITOR.

3.+ Program # 6 — STORE spectrum

wes data memory of the spectrometer can also be used to store as many

_n »2 complete 256—channel spectra. To avoid overwriting data already

‘. memory the memory must be erased by means of the HEADER function
tion 7.1) before this program is used.

“nee sequence [EHIFT] [USER] [ & 1 [ N ] [STORE] can be used to store
- v measured spectrum in memory, N being the spectrum number N=1 — 62.

..fter a spectrum has been stored using this procedure, the recording
¢t other measurement results by the STORE function 1s inhibited. If
(ne: [STORE] button is pressed the data are not recorded and error
[tentifier EB appears on the display-.

RATRA the spectrum has been stored control is automatically switched to
| %TTOR and the recorded spectrum number N will remain displayed in on

“¢: right—-hand side of the display as a reminder.

oectrum may be recalled from memory by User program # 3 above.

[,

dﬂ./ Prograh # 7 = TIME

Hhﬂs program reads and displays the period of measurement stored in
rhe data memory by function HEADER - Section 7.1 - and switches
ontrol. to MONITOR. This may be used to check that sample time is
srrect PRIOR to storing data. AFTER data has been stored this
function is no longer cperative.

jress [SHIFT] [USER] [ 7 ], the display shows sample period set into
memory during Initiation

«

‘.3 Program # 8 — BAUD RATE

bt program is used to set the Baud rate of the RS—232 channel.

-

Press [SHIFT] [USER] [ 8 ], the d1sp1ay shows 8- (User 8) on the left
‘nd the current Baud rate will be displayed in the right. By
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jepressing buttons [v]/[*]1 a Baud rate of 308, 600, 1200, 2490, 4800
1nd 9600 Baud can be selected. When [STORE] 1s pressed .the new value
€ the Baud rate 1is stored in the spectrometer memory and control is
iwitched tbo MONITOR. This function can be terminated without changing '
"he Baud rate by pressing the [START/STOP] button and control is
witched to MONITOR.

t.9 Program # 9 - ADC

‘his program is used exclusively for diagnostic purposes. The program
erves to adjust the gain of the shaping amplifier and ADC of the
pectrometer using a pulse generator.

Thee wequence [SHIFT] [USER] [ 9 ] commences measurement, the display
“iows 9= (User 9) on the left, the gain of the shaper amplifier 1in the
wt4d e and the number of the channel into which the impulse Jjust being
rocrrsand has been stored, on the right. The <v>/<v> buttons can be
imed Lo decrease/increase the gain. If any pushbutton (with the
“xception of [START/STOP]) 1is kept depressed the processing of further
~ounts is blocked, allowing the user to see which channel the last
wuiae went into. Releasing the button causes the system to continue
~oanning.

Chies [START/§}OP] button terminates the program and control is switched
a MONITOR.

.1 Program # 8 — EXECUTE

‘xploranium has other special programs available on cassettes. These
ywograms can be loaded into the memory of the spectrometer as follows.

oacd the cassette containing the Test Programs (optional Exploranium
leeet, cassette) in the recorder. Remove REM jJack, REWIND the tape to
"Yie:e start and press STOP. Ensure that the spectrometer is in MONITOR,
fnenrt. REM jack and press PLAY. Press [SHIFT] [MEMORY] [ 9 ], the
fteplay will show H(Header). Enter 11 as the Header for Test #1 and
wweas [STORE], the tape will move and the record headers will appear
in the display until the record with Header #11 1is read into memory
{for other detectors see Appendix B) then control is switched to
AMIITOR. STOP the cassette recorder. Repeat the above procedure for
"o other test programs listed in Appendix C.

The sequence [SHIFT] [USER] [ 8 ] commences the execution of the
loaded program — see Appendix G for details. If the program has not
yeernt lToaded, the attempt at execution is ignored and control is
switched to MONITOR. [START/STOP] may be used to terminate the Tests.

11, QUANTITATIVE CALIBRATION OF SPECTROMETER

"hes peactrometer has been quantitatively calibrated by Exploranium,

c.e-. thee 1Timits of the ROI, the background and the calibration

¢ tants for computing the total activity, concentrations of K, U,
i Ih have been set — see Appendix H and Section 5.4. However, to
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miintain system accuracy the calibration should be checked twice a
sear by measuring at a calibration base and, if necessary, new

1) ibration constants should be loaded 1into the spectrometer by means
L+ functions ROI and CALIB or by use of the CALIBRATION program on an

~eerrnal computer.

“vs calibration of currently used four-channel spectrometers is time-—

mseming and laborious due to the search for the energy windows

- imal for the measured radiocactive elements prior to the actual
..antitative calibration. This is not necessary in calibrating the
e -cnannel spectrometer - only the spectra of the standards and ,
© e w3round are measured, from which the energy windows and calibration
cn-.tants are determined by computer. The CAL256 program was produced

« 51 this purpose.

Measuring of Spectra on the Calibration Pads (see Appendix C)

.. ~et the sample period to 308 secs by [SHIFT] (TIME] [ 308 ]
(STORE]). It is preferable to measure for 538 seconds if time

allows.

rase the data memory of the spectrometer by [SHIFT] [HEADER]
fCLEAR] [CLEAR] [CLEAR]. After 49 secs the memory space is shown
Y} e.3964-~ Press [STORE] [STORE] [STORE] then the <MON> fdndicator

should come on

<) Measure the Test Pad spectra for the Radiation standards and
background which are loaded into data memory by means of
[SHIFT] [USER] [ © ] [ N ] where N is the number of the
spectrum. In this way many calibration pad standards and
background spectra can be stored in memory.

.2 Processing of Calibration by the CAL 256 Program

*his program has been written in BASIC for the HP-85 computer and IBM-
e - see Appendix C. The following description assumes USe of an IBM-

2 computer.

“he program processes the spectra measured on the Test Pads and stored
‘1N the spectrometer memory. During the processing, the computer
orints a protocol and after the computation has been concluded, the
computer, on instruction from the user, loads the computed calibration
~onstants into the spectrometer via RS—-232.

The spectrometer and computer are first connected by the RS-232 cable
and then switched on. Load BASIC and Load and Run the Basic program
CAL?56. Following the CRT instructions set Baud rate to g360@ —section
13.8, and then switched to REMOTE — see Section 9.

‘allowing the screen commands input - enter the sample period, the

ad concentrations and background data. After each pads data 1is input

-1 appropriate spectra is transmitted to the computer the spectrum is
‘urted on the display on a logarithmic scale together with the

crruted energy windows.



After the third standard, the user informs the computer whether more
than three standards were measured. If he loads “"Y" and CR, the
program is required to produce the specification and concentration of

thee nex! standard. If he loads "N and' CR, or after the ninth
tarnddard, the:background spectrum data is  input. : ’

After all spectra have been transmitted to the computer, the
nrocessing of the calibration is commenced — the user is informed of
1hia by means of the message "EVALUATION'" on the computer display.
Afters the computation has heen terminated, the calibration results are
replayed and printed. ‘

A-. «non as the printer has produced the print—-out, the user 1is asked
~hether he requires the ROI and the background and calibration

et ants to be transmitted directly from the computer to the
Lpectrrometer., On pressing "y" and CR, the data tbansmission to the
wtectrometer is begun, and this can be observed on the spectrometer
Ataplay. After the transmission has been concluded, or after pressing
“q" and CR, the computation is concluded with the message "END".

11.3 Calibration by Means of the "“Stripping" Factors Method:

"he calibration is processed in two steps:

) 1he standard spectra are transmitted 1in turn using the USER - 3
function (Section 18) from the Data Memory to the Working Memory
- these spectra are then displayed on the spectrometer or
~axternal oscilloscope by means of SPECTR function (Section 8).
By inspecting the spectra in the neighbourhood of the anticipated
peaks, or by scanning them on the oscilloscope, their positions
and the 1imits of the ROI can be determined. The position of the
1.46 MeV Potassium peak should be near Channel 122 and the
recommended width of the energy window 15 channels (188 keV). The
1.76 MeV Uranium peak near Channel ‘146 and the recommended width
19 channels (228 keV). The 2.62 MeV Thorium peak near Channel
215 and the recommended width 1is 25 channels (300 keV). The
determined 1imits of the ROI's are then loaded into the
spectrometer by means of the ROI function — Section 5.

th) The spectra of the standards are again transmitted in turn by
means of function USER — 3 from the Data Memory to the Working
Memory, and the SPECTR funtion - Section 8 — used to determine
the intensities in the individual energy windows. These values
are then employed in the usual way to determine the calibration
constants and interference (stripping) factors. The calibration
constants Ci to Ciae calculated using the following relationships:

Ci = B(TOT) all data in Counts/Min
C= = B(K)

Ca = B(U)

Ca = B(Th)

Ce = 10%/Kvyo~r

Ce = 18%/Kas

Cr = —10%Y/Ksa

Ce = —-105(B - aY)/Ks /



Cg = @

Cio = 19% /K=
Caa = —-18®%a/Kz
C12 = @

C13 = g

C14 = 1@5/}(1

8(TOT)., B(K), B(U), B(Th) are the baékgounds in the 1lst, 2nd, 3rd
and 4th ROI 1in counts/min.

Kror = [N2u/T — B(TOT)]/Qu
Kz = [NATh/T - B(Th)]/Q—rh
K= = [Nau/T - B(U)IlQu
Ka = [NZK/T - B(K)]/QK

Qrn is the Th concentration in the Th standard [ppm]

Qu is the U concentration in the U standard [ppm]

Qx is the K concentration in the K standard [%]

NaTr 1S the number of counts recorded in the 4th ROI on
the Th standard in time T [min]

Nau is the number of counts recorded in the 3rd ROI on
the U standard in time T [min]
Nzw is the number of counts recorded 1in the 2nd ROI on
the K standard in time T [min]
Niu is the number of pulses recorded in the 1st ROI on
-~ the U standard in time T [min]
a = Natm/Narm expresses the contribution of Th to the U

ROI (Nazrm is the number of impulses recorded in the
3rd ROI on the Th standard)

B = Nztn/Natn expresses the contribution of Th to the K-
ROI (Nz+n 1is the number of impulses recorded in the
2nd ROI on the Th standard)

Y = Nzu/Nau expresses the contribution of U to the K
ROI (N=u is the number of impulses recorded in the
2nd energy window on the U standard)

Wore: 1. The use of this method requires mono—element calibration
standards. However, this condition cannot be satisfied

practically and this results 1in inaccurate determination
of the calibration constants. '

2. This method neglects the U contribution to the Th energy
window, i.e. it assumes constant Cim = @. The result is
that this leads to a systematic increase in the values of
the Th concentratiions. Under high concentrations of U
this increase is about 3.5%.

1. SUPPLEMENTARY INFORMATION

2.1 Design of the Spectrometer

“he block diagram of the detector and spectrometer 1s shown 1in
Lpoendix Al
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DETFCTOR:  The signal from the photomu1t1p1ier 415 fed to a charge

cons itive pre—amplifier and then to a variable gain amplifier. The
pre—-amp gain s manually adjusted by Explorantium during manufacture to
place the detector output signal within the range of the following
electronics. This adjustment is made only when the crystal is changed

oHtherwise the gain need not be changed. The photomu1t1p11er,1s
cupplied from a stabilized HV source which has been adjusted by
t xploranium. '

“Pf CTROMETER: The signal from the detector is input to a circuit
providing "pole—zero" compensation, a semi-Gaussian shaping amplifier
Lith time constant T = 1 us, 2 diode base 1ine restoration circuit and
an. ADC. A Wilkinson's vramp circuft has been used to convert the
analog radiation pulses to digital data which also performs dead—-time
correction.  The digital data is then fed to the CPU board. This
analog conversion technique 1is described in some of the recommended
Viterrature.,

Ihe heart of the processing unit is the microcomputer which controls
't he measurements and simultaneously corrects the gain of the shaping
amplifier. thus performing spectrum stabilizer function. It also
controls the data memory and the input/output circuits.

1o conserve power mainly CMOS circuitry have been used.

-

12.2 Use of Spectrometer

The basic use of the instrument is for measuring naturally radioactive
lements K, U, Th and the total radioactivity in the field. The
method of measurement itself and the processing are not described 1in
Lhese instructions but can be found in currently available geophys1ca1
\ tterature. Nor are the pasic terms of gamma radiation spectrometry
oxplained in these +instructions. The recommended 1iterature can be
found in Section 12.

However, the spectrometer may also be used for other purposes

~.q9. in Environmental monitoring, 1in industrial applications, for
laboratory analysis, core—logging etc. For these special app1ications
Fxploranium offers accessories to the spectrometer as well as single—
prrpose functions as outlined in Section 1@. Exploranium may be
willing to develop special interfaces for speciality projects in some
CAREeS .

forr more flexible use of the spectrometer, Exploranium offers a
laboratory probe in 1ead shielding which, in connection with the
spectrometer and an HP-85 or iBM~-PC microcomputer, enables laboratory
measurements of natural radioactivity to be made.

[n general, the use of the spectrometer with other types of \\ ~ction
anits than those supplied by Exploranium is not recommended. we GR-
a6 is designed for specialized use and it is not recommended that any
other detection unit to be connected to it.



12.1 Use of a Cassette Recorder

“he cassette recorder 1is used for temporary recording of measured

fata, or spectra, if the measured data cannot be transmitted directly
*~am the Data Memory of the spectrometer to the processing system,
.. desk calculator at the base, or if more than 62 complete spectra

raves to be stored.

»rr this purpose, Exploranium supplies a cassette recorder and a
~onnecting cable as an option. The recorder has been modified by
“«ploranium for remote control of tape winding.  The wiring of the
‘nterface cable is shown in Appendix D.

"o achieve a reliable record, the principles of use as set out by
“«ploranium have to be adhered to — see the Operating Instructions for

e cassette recorder.

~® other recorders are used, care should be given to the following:

1) the polarity of the recording and sensed signal - the two signals
are assumed to be of opposite polarity

>V the output and input signal level - it must be adjusted to agree
with the data given 1in Section 2. .

) Remote control capability — tape transport control contact

closure.™

‘f the recorder does not operate reliably, Exploranium should be
‘onsulted.

2.4 Interface RS-232C

‘he GR-256 spectrometer can be connected directly to a computer by
wans of the RS-232 interface. The majority of currently used desk
‘alculators or minicomputers have this capability.

0 guarantee correct functioning, the interface of the selected
omputer should be adjusted according to the parameters given in
~ction 2, i.e. 8 data bits, no parity, 1 stop bit the correct baud
atrr -see Section 10.

he spectrometer and computer are connected by means of the cable
vptional). There are two different configurations of cables, consult
xploranium for correct selection.

~er Appendix B for further {information. \\ g

S5 Adjusting the Gain of the Detector

tne detector is damaged, or the crystal has to be changed, the
~p e of the output signal must be adjusted to the required level
werer Sarction 2. The following procedure is to be used:

“oonnect the probe cable and unscrew the top half of the
et by removing 4 screws.
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Remove the top half of the detector being careful not to damage

~he interconnect cable.

pey

Hemnve ‘the detector carefully and;pu11 the crystal and electronics
from the cylindrical part of the housing. )

Connect an oscillioscope to the ocutput of the measuring probe
(2.g9. to the point that the output coax 1is soldered to.

Connect the cable to the spectrometer, switch on spectrometer and
initiate a measurement.,

By turning the multiturn trimmer on the amplifier PCB (middle
PCR) in the probe, set the required gain (the amplitude of the
impulses from the 662 keV' *27Cs peak shouid be set to 9.5 V),

“nt REFCH to Channel 55, carry out a measurement. Use function
USER 1 (section 18.1) to determine the value of the actual gain.

et this Gain value to 127 +/-— 13 by fine-adjusting the trimmer
and repeating 6. above.

Switch the instrument off, disconnect the probe and re—assemble.

J.6 Maintenance and Repairs

‘nder normal operational conditions the spectrometer requires no

percial maintenance., It should only be kept clean, expecially the
asuring probe, and heat and mechanical shocks, which are a danger to
he crystal in the measuring probe, should be avoided. It is
ccommended that the contacts in the battery compartment should be
heckrd if they are clean regularly, and that dead batteries should be
rmoved from the +dnstrument when the spectrometer 1is not being used.
he elactrolyte from the batteries may damage the contacts of the
ttltery holder, or it may become impossible to remove a swollen
attery from the battery compartment.

v to the complexity of the instrument, the electronics should on no
count be tampered with. Apart from setting the probe gain (Section
.5) no circuit inside the spectrometer need be adjusted.

the instrument fails or 1s functioning improperily, Exploranium or
distributor should be contacted. A high standard of servicing the
mltrument. is required. 7z
-/ Ltorage and Transportation

vt packed dnstrument can be stored and transported at temperatures of
Wrta t70  C and relative hunidity up to 9@%.

'he dnstrument should be stored or transported with the
batteries removed.
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.8 Warranty

1 information relating to warranty is given in the Warranty
.rt.ificate — Appendix J.

.9 Recoﬁmended Literature

' Adams J., Gasparini P.: Gamma Ray Spectrometry of Rocks.
Elsevier Publishing Co., 1970.

'] Siegbahn K.: Alpha, Beta and Gamma Ray Spectroscopy.
North Holland Publishing Co., 1968. '

:1  Knoll: Nulcear Electronics.

. Mansen D.A.: Geological Applications Manual for Portable Gamma
Ray Spectrometers. Geometrics company brochure, Toronto,
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APPENDIX A

BRIEF DESCRIPTION OF THE SPECTROMETER CONTROL FUNCTIONS

v lTo interrupt all ongoing activities and switch to MONITOR

STOP E
1 |

i R ALL THE FUNCTIONS DESCRIBED BELOW IT IS ASSUMED THAT THE
“Pf CTROMETER IS IN THE MONITOR MODE, WHICH IS INDICATED BY <MON>.

t) Check of sample time:

e T e
[ TIME J j STOP—‘
2) Setting Sample Period (e.g. 120 s):
IR ; 1 N
CSHIFT }‘ TIME 1 5 2 ] - STORE
- e ———— L - P
d4) Check of R.O.I. Tlimits:
| SHIFT ﬁ

e [0 [~ ][ ] e [smor ]

~) Setting of R.O.I. limits:

i SHIFT
' . .

(e.g. CHN 1 — LOWER =78 UPPER = 255, etc.)
S e r | L f
. SHIFT ’l ROI t 7 o | STORE i 2 | 5
- (SRS i .
‘STORE l etc. | STOP
i !

+)  Cp~~k of calibration constants:

4
t

R e IR R o P
SHIFT—L CALIB | A i a etc. [ STOP 1
\__w”__J; RN & ST I W S

)y Setting of ca11brat10n constants (1 - 252, 2 - 23, 3 - etc.):

J 2 fsroe |
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‘nheck of reference peak setting:

LHIFT ' REFCH  STOP

e e ——— e e e e e

wetting of reference peak position (e.g.30):

JMIFT - REFCH & 3 g STORE

et e e

v+ Gwatching off the spectrum stabilizer:

SHIFT REFCH § 5] STORE

:) (hange display of measurement results from counts/time period
to Concentrations and vice versa:

) /e
SHIFT | CONC
- ‘ )

-~

') Initfation of data memory - for manual sample storage:

Typical Data: Date - 06/14/87
Step along profile — 5 meters (Max. 99)
Line (profile) number - 34 (max. 999)
First point on profile -~ 980 (max. 9999)

Direction of measuremtnt — change of direction
1. Clear Existing Data From Memory
i HE . , : A 3
. [HEADER| | CLEAR i CLEAR | | CLEAR

. SHIFT

| |

This procedure takes approximately 48 secs. and after
completion the Display will show memory capacity (should be
3964).
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[ e ;
@ i L .6 | [SHIFT l +/- ‘ a
—— ;
SHIFT ‘ ! +/— ‘ ‘ 8 ] 7 ' STORE 5
. . o 7 :
STORE | | SHIFT +/ IR ~ L3 [ ¢ |
. S L e Lo [ e
; ! ,F* (- e
~ P9 } i 8 | o STORE
S B S SRR

¥ initiation was done correctliy, the <MON> 1indicator should now be
on. ' .

i) Recording of a data sample from 4 R.O.I.'s:

- Inditiate data memory — notes 13.12 above

— Check sample period — notes 13.2 / 13.3 above

- Check R.0O.I.'s — notes 13.4 / 13.5 above

- Press [START/STOP] for more than 8.5 seconds. Unit will now
take a sample (section 6)

- Press [STORE] - the data 1is now recorded in data memory

- Take another sample. Press [STORE] to store this data etc.

n) Initiation of data memory — for calibration spectra storage:

1. Ciear entry data:

' |
CLEAR | l CLEAR | CLEAR

e J

. — P .
STORE ] !STORE 1 " STORE .

The <MON> dndicator should now be on to indicate that
Initiation is complete. )

v io Store a Spectrum in Memory

‘SHIFTJ USER J 6 p STOh%J
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REVIEW OF ERROR MESSAGES

TYPE OF ERROR

WHAT TO DO NEXT

Data in data memory
damaged probably due to
fFaulty lithium battery
Automatic setting of
default parameters

Measurements may be con
tinued without using Data
Memory. ‘
Change Lithium battery by
Exploranium . .

measurement twice

executed — see Section 5
l £E2 Voltage of main batteries Measurements cannot be
A has dropped below 5.5V continued
l Change batteries
E E3 The Spectrum Stabilizer s Check setting of REF Ch
unable to adjust the gain to Adjust probe gain
E the required energy according to section 12.5
I calibration
'r E4 a) In manipulating spectra data Take a new sample
l no spectrum found 1in
. Working Memory
: b) Faulty probe or connecting Check probe connection
cable during measurement Repair probe
] £S5 Data memory store Measurements may be
found to be defective continued without using
Data Memory. ‘
Repair by Exploranium
E6 Data memory has not Initiate by means of
been initiated function [HEADER]
E7 a) Measurement has not been Continue with measurement
carried out
b) Attempt to store the same

!

Attempt to record measure-
ment with identifier out-
side permitted range

Measurements must be made
on profile with points
numbered from @ to 9999
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) Attempt to record measure—
ment whose time does not
agree with time of measure-—-
mernt at.instant.cf-mewory
inftiatiomw - -

Measurement must be carried
out over period set prior
to recorder. 1n1t1at1on

See USER — 7 teo check times:
of measurement - -

Data memory - fult{ no-
further: meast.n"ement r&suﬂ:s*

Empty data memory. by .

Data stil1}¥: transmﬁtted““'
rorrect?y

“‘can be recaorded: .-
Dy initiattion -
Attempt. to: transmit from - ©  Carry” out méasurement-amd " ' -
Data Memory in which store in Data Memory
no measurement has been
recacrded.. .

. .

t Data transmitted. from.- ARepeat transmissioni and: TN
cassette do'naoti agree’ "wAth L Catsen Tecording  +f necessary
data stored- in memory

L Incorrect check sum of Repeat transmission and
¢ tested block also recording if necessary
a.i "Drop—out*™ on cassette tape - This error indicates worn

cassettel«-Changed cassetbar:. i/ ..

S e e e o

Digita¥ voltmeter  does not -

operate

Repair’ by Exploranmfum -

The reference peak’ posftion
cannot be determined: due to
channel overflow

To determine energy . :
- ressiution ‘capabiiity, cut:.

"npr%od of ‘measurement. under:

580 s..

e & e S——* .
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TEST PAD. CALIBRATION OF GR-256- SPECTROMETER

Ar Tt Pads
AT T he teﬂt=padsnitrisﬂnormai‘praéticewtbaaccmmuTate&daramfhrwas;Jongw O
e 10d - as possible*-.Nefrecommendeominﬂtesma5~beingaargoodfmn,
L—ersmise between: efficiency and. poor statistics.

-

. Net time“of-measurement‘~'for'example.3ﬂ®~secsﬁﬂh
GHIFT-TIME—-3-8-8-STORE~.. - ... -

Cleariﬁemory'; SHIFT—HEADER-CLEAR-CLEAR~-CLEART -
8 owill f1ash,,after:4ﬁ»se€5%displayxwillﬁsthQH%3954uLﬁ

ve

{tar on appropriate header (e.g- Date — 5 Nov ‘1287}).
Praas 5—1-1—8-7—~STORE.

—r

Display shows SOL=XXX where X. ts an arbitrary number.
Prese STORE—STORE. MON flag should now be on. Press.
CLEAR to revert: to MONITOR.

‘ The spectrometer now has. an emply memory.. Go' to- test: pad. #I. ard .
inccumu1ate a~spectra with the spectrum stabilization set for Cesrdium: atr
Channel 55. '

.» f Store spectra as required — for'thiSﬂexampTewIetsmusetSpectrummfl§=?K;w
ipectrum #2 = U, Spectrum #3 = 1k, Spectrum #4 = Background.

. jln the Qffice -

Need an IBM—PC. or equivalent. System meeds 1 disk drive, 286K af
lhumory and a printer.
1. Load DOS, BASIC and then CAL256 Pragram. Press"RUN".
l CRT says "CaTibrattorr of the GR—256 Spectrometer: '
Set 9683 BAUD rate on GR—-256 (User 8)
Set Remote — Press enter when dane®
! On GR-256 press SHIFT—USER—S, therr the arrow key to set to F6E@.
: BAUD - press STORE.: ' :
Press SHIFFT-REMOTE (Remote Ftag should now be om)..

CRT asks Serial Number — XXXX. Enter the Serial: Number (must.be:in.
the range of 156—1688), press ENTER when done.

T oasks “Calibnateduby?m—nenterwnamexofstheﬂoperatoh,ﬂpreSSmENIERwui_

t v er the time. period. of measurement, -— for example 300 secs.
t s ar 3-0—-@—-ENTER.

» .. The time of the measurement must be the same as was recorded
Jn'thewtestupads;;otherwisaxthe%prognamuwiml#abortMWwwh”‘:'
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Rastaad S and " (o - - T n -

Porass ium dara, for example 1, press ENTER. CRT then asks for the -
test pad data to be entered in the format K in %, U Y ppm, Th in

ppm -

Tram FoEs theiﬁo.;.s;.(:;;,;Eamkv;z»-.3:.-.1-&;;;.&.24‘,;.1;-23§::;,;«-"EMTEW;;;7-:.::;;;.-v- G e _
“ree computer- witl now-load land display- the%fqug-ﬁiéd?‘_specira"-zan&’év’.jé;’_\ g
.. tqhl ight its peak-as a visual check-that: the- correct spectrum has’ " © '
loaded.. At PAUSE? reqguest . on the CR1T, press ENTER and. then the-.UA’f.

AL 44 33

..preec trum number. — faor- example 2 — and the data ( G.S.C. pads = @.3%.
a6, -T9 ) issentened... ..o - S e

ihis peak- is then: read,. processed: and.displayed.’ Al: PAUSEZY entevs thei:.
fhorium spectrum.number. — for.example 3 and data H GeS.CL = @24y b
{.86, 79.8 ) themr press: ENJERZ: Aﬁtecf-.ptucessjng;;g;htsq-specttaa- then aty.="
‘he next pause pressing ENTER wiTl bring the message "Any more rest .
cads Y or NZ".— usually you enter: Na (N for Ro) — then ENTER. The

background spectra.. number: is thex_x}_,,}_reqqested,_ for example, number 4.

. CRT shows ."Standard K.-—; Spectrum #7" - Enter the- spectrum. & for . the. . . .

After the display of the ba’ckgrouﬁd‘}'_spectr@gu: ‘atsjythestmn:g"RAUSE?:.;:;;_ PRSI

ENTER and the display shows ‘Under EvaTuation™, themr the CRT and” :
nr inter 1ist. the calibration data- )

The next query '"Do. you want to store CAL data ory disk — ¥ ar 877 —

the GR-256 < Y or NZ". If you answer "Y" to- this then the data: witls

ve transferred to~~the.-~‘GR‘—256.-’and'::the:.:-Four.:*ROIx!,s‘....,#,1,.,f'#\2v #3 and #4 . .

wi{ndow. width and positians will be: set, as well asy al¥ig ofi thew.
calibration constants. The program will then terminateand display’
END on the: CRE.. .-

Checking. -

“ince the spectra wilX st111 be in memory,. L3 is: good: 'pr'ocedure‘to' :
verify that the matrix caTcuTations ard conversior constants. are. -
accurate. - To do this proceed¢ as faollows: . -

a) Bring the Potass jum spectrum back to the working memory (for
example spectrum 1) as follows:s SHIFT;USER—a—R—STORE.where N: is.
the spectrum number of interest, in this case, it would be 1. .
This brings the Potassium spectrum into the warking memary.

. Pressing SHIFT—SPECTRUM—Z forces the spectrum in the workimg -
memory o be repraocessed and dispTayed on the. front panel. ’

b) If SHIFT is now pressed to revert to the- concentrations made. by
stepping through.the- data and comparing it to the original test -
pad data a:check: of:system performance can ‘be verified. This
<hould “then -be:repeated for the Uranium and Thorium spectra to

cnsure correct:data:analtysis. '

G

_ l answer as reqguired. After: this: the CRT; asks. *Do- you want. to. calibrate
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APPENDIX D~
PROGRAMS’ SUPPLIED FOR IBM—PC AND COMPATIBLES

4 .+ eans . are written in uncompiled GWBASIC. . Hardware requ1rements
s = a2 IBM-PC or compatibles withrone: disk—-drive 256K memary,. and an’. ..
w138 Printer: . Users.will. needia: copy.. of -GWBASIC  (or- similar}i:

verne - programs. ool T o i .-

;+ st ams are self explanatory using CRT prompts. All following.
. amn require the-RS—232 cable far the :IBM—PCC =

. Used: to« retriever RO datai-froms GR~256»memory:andi: " 7 =
displTay an screen and. printer. ..

TAl D856 - — Used torcalibratesthe.system:using test: pad+spectrum:. =" -~
in memary — see Appendix C.

TALNOP — Same. as CAL . 256 hut does not reguire. printer. .
J5FR 5 — Used to. run the GR—Z56 inm the ‘automatic mode-and -

retrieve and display.on the CRT the RGL number L:data.
“Time periods:are:set: by TIME function. -

e

. SPE257 — Retrieve.spectrum from the: GR—256 working. memory: to:the: - - .

Py
1
o
Al
|

~ CRT, pTot on CRT, can save spectrum to disk.

6. R257LIN. — Reads a spectrum stored on:disk by the SPE257 program: -
Ch and dispTays it omr the CRT as a LIREAR plot. ..

*. R257L0OG — Reads a spectrum stored on-disk. by:the SPEZ287 ‘and "
displays it-.om the CRT as a LOG pTot. -

“ SPEHC - Reads a spectrum fram the warking memary: of: the-GR—256
: . displays orf the CRT, aTTows you ta. enter amnry ROI you
3 want. by channel numher, highlights. selected ROls . on.the: .
CRT and aTllows plotting of the compTete spectrum on the
i printer. .

" DEMO1 — Demo of the features of the GR-Z56.




