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EVALUATIOMN PROGRAIY FOR 'PORTABLE RADIATION HMOWITORING INSTRUMENTS(a)

.L.-V. Zuerner and X, L. Kethren

Knowledge‘pf‘respoﬁse and performance capabilities is of practical
importance in selection and use of radiological m;asuring devices for health
physics purposésw jInstruménts afe desired which yill meet prescribéd‘per-
formance specifications with the lowest overall cost per unit of time, In
some cases, a high initial coét will be mofe than‘bffset,by lower operating
and maintenance charées.

A well oriented and directed evaluation program should examine
appropriate physical, electronic, and radiologicq;}characteristicg of the
instrument, prOviding data for performance and cé;t aqal&sis. ‘For pdrtable
instruments, weight, strength, and ease of handliﬂg and servicing are iméort—
anf physical characteriétics. Human engineering.féatures such as ease of
.meter reading,'availaﬁility of cont;ols, and physipal stébility mﬁst also be f
consideréd.

Among the elegtronic features to be éénsidered are sensitivity,

. temperature and voltagé.depgﬁdence, stability, battery lifetime, response ~
>to electricél inte%férence, noise and Vibratioé, éﬁd extracaﬁeral radiation.
Radiologiqal factors include accuracy and stabiiify‘of calibraﬁion, energy
dependence, response to unwvanted radiations, temperature dependence, and
séturation effects.

A typical evaluation progfam is outlinéd”for portablé'fadiation
sprveylmeters and recomﬁendations made for a étandardizéd system of deter-

mining and reporting instrument performance.

(a) For presentation at the Health Physics Society Midyear Symposium, January 29-
31, 1969 at Los Angeles, California. '

This papér is based un work performed under Contract Numher AT(45-1)-1830
between the U. S. Atomic Energy Commission and Battelle Memorial Institute.
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INTRODUCTION
e A
Proper selection of portable radiation monitoring instruments is as -
important as proper use. The ultinmate objéctive, of course, is to procure . —

o

instruments that will meet prescribed-performance specificapion§/;ith the

lovest overall cost per unit:
9

Selection implies prior e&alﬁation, ahd a meaningful'evaluation~must
be based on knowiedge of éhe performangé cﬁaracteristics, limitations, and
economics of the instrument under consi@ergtion., Unfortunately, adequate
ana accurate data on which to base a meaningful evaluation is unévailable
in most instances. Perhaps the best avail;ble are the publféhed specifi-
cétioné of tﬁe manufacturer, but these éfe‘often”incémpletc or couchéd in
language that isAnot'fholly'comprehensib}e; and may even be misleading.
And, since eaéh maﬁufacturer'may'report or-meaSu?e the same performance
éharacteristics differeﬁtly, the pﬁblishedlépecifications of various nanu-
facturers.may not be cémparéble. .Many instrument purchases, however; are

based solely upon the claims of the~manufa¢tufef or his representative,

published or otherwise.

A second body of relétively acéessibl;'data is w&rd—of—mouth from those
who have had prior expe}ience with a.given:instrumeht. In this case, the
potentiai for misinformation is quite highé the ségken word gets notoriously
garbled in transmission through several persons., And, even a direct two
party contact may not always provide accurate information, either by‘acci—
dent or intent; s§me,’wé all realizg, will hot adinit to purchasing a poor

instrument.
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What is needed is a well oriented and ‘direct evaluation program to
H - (]

determine appropriate physical, electronic, and radiological characteristics

on which a performance and cost evaluation can be based. A typical evalua-

Obviously, no single progream would fit all portable instruments now in use,
or even those commercially available. However, the skeletal program in Table
I should provide a sufficient body of information to enable the health physi-

cist to make 'a sound selection, consistent with the needs of his operation,

and the dictates of his budget.

As shown in the Table, the evaluation of a portable -survey meter can be

b L .
considered in the context of three broad areas: mechanical, electronic, and

o L . o U o .
radiological. Each of these areas will be discussed in turn, and a series

of specific evaluation and measurement procedures presented.

MECHANICAL EVALUATION

Evaluation of the mechanical features of an instrument can be divided into
. —_—

“two overlapping areas: physical'construétion and human engineering. To a

relatively large degree, this portion of the -evaluation is subjective, and

requires the sound judgment that is often acquired only through experience.

. PHYSICAL CONSTRUCTION ' . ‘ o —

. - .‘-.. " o ) R
Physical cons®ruction is evaluated by generol appearance of both . —

-

. ) . . . o L
‘exterier and interior, paying particalar attention to quality control and

workmanship. Sclder joints are of particular value in this evaluation;

the presence of cold joints, excessive amounts of* solder or flux, or the ‘

“lack of good mechanical coupling are indicative of poor guality. Circuit

boards are similarly useful indicators; the'Quanjity of path conductor and



1.

W

- . : BHWL-SA-1947T

TABLE 1
TYPICAL EVALUATION AREAS TOR PORTABLE
RADIATION SURVEY METERS
MECHANICAL
A. Physiéal Constrﬁction
B. Shock and Moisture Resistance
C. Huhah Factors Engineering
ELECTRONIC
A. Power Supply
1. Stability
2. Temﬁerature Dependence
3. 'Battery Life
B. Input Sensiﬁivitieé
C. Linearity
D. Electromégnetic Interferénce
1. Magnetic Fields
2. AC Induced Fields and Trénsiénﬁs
3. Radio Frequency
L. ‘Blectrostatic Fields

E. Switching Transients . _ R ] .

‘¥. Capacitance Effects

G. Gecfropic Effects

"H. Température Deperdence

I.- Extracameral Effects

J. Sound and Vibration Effects
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TABLE T (continued)

RADIOLOGICAL

A. - Range

B. Sensitivity and Detectibn Limit

C. Accﬁracy

D. Reproducivility

E. Sa@urgtion.

F. Energ& Dependénce kt

G. Tempefaturé and ?ressﬁre Depéndencé
H. Angulfr Dependence

I. Resp%nse to.Unwanted Radiations

BNWL-SA-19h7



2.2.

2.3.

- 5. " BIWL-SA-1947

its path length, sharpness of the etching, and labeling of components are

. o ..'.'.'. . . —
points to be considered. The cxamination of component layout should include

./
;»’//

consideration ‘of heat dissipation and length of leads and connectqnsm,/—ff”’*%===r——w

SHOCK AND MOISTURE RESISTANCE

While evaluation of structural strehgth is primarily subjective,

. resistance to shock and moisture can be objectively examined. Field

instrumenté generally shoﬁla have the abi;ity to withstand a drop of
three feet onto a hard surface and should function‘properly regardless
of ambient hﬁmidity. Moreéver; they should be.able-to surYivé a single,
rapid‘tdtal immersion in water without‘;ll‘effeqts.« These simple checks

can reveal a great deal about the éonstruction of an instrument; the

" detector, of coﬁrse, should generally be .exempted from meeting these

requirements.

HUMAN ENGINEERING

An important aspect of portable survey instruments, often overlooked,

is human engineering. Again, the cvaluation is essentially subjective,

and should include consideration of safety hazards , along with ease of
handling, readout, and servicing. Typical safety hazards include shacp

édges, inadequate grouhding, and othér shock hazards.

The.shape, size, and weight of the instrument afe important and ob—
vious.faétbrs in ease of handling, and ‘are seldom overlooked. nowever,
other more subtlé human enginecring features also need to be ipcluded in
the tofal evaluation--the iocation of switéhes;.SWitching arrangeunents, !
meﬁe; éize, loéaﬁion and readaﬁility-»these'are all points to éonsider.

Even the general external appearance of an instrument can-affect its
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acceptance by monitoring and other field personnel. Some consideration
. 3 . 3 ‘ , .
should also be given to use of portable instrumehts by personnel wearing

gloves and other personal protcctive clothing, and to casc of decontami-

nation. .

Finally, easec of servicing should be evaluated. Batteries should be

readily accessible without removal of other components or a large number of

screws; this factor alone can save several maintenance man-hours per year.

Plug-in circuit boards, accessible from.both sides and with labeled components

can also provide significant dollar savings in the maintenance areas. Cir-

cuit béards'should also be keyed to preveﬁt_inadyartént erroneous positioning

“+in the! socket. This feature alone can sometimes save hours of trouble

shootiﬁg, frayed nefveé,»and poésibly comppnentg.

. . (
ELECT!LNIC EVALUATION : A - ~ o

/Electronic evaluation. is far more-objective than the mechanical evalua-
tion. Ten specific areas are evaluated; each is discussed in turn, and a

specific testing procedure is cited.

POWER SUPPLIES

Most portable instrumentls use batteries as the prime energy source.

The batteries may supply the power directly to the circuit, or in instru—‘//;

T

ments of recent design, the batteries furﬁish.enérgy to sclid state SR
S o o ~ .
suppiies which convert the low voltage of several. low cost, dry batteries

to the high and intermjittent voltages needed by the circuit.

3.1.1. STABILITY o . . - |

Some poﬁer supplies have variable output, especially for the

high voltage. -Vith constant inpﬁt volﬁqge the output range is checked
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at the‘end points, and the stability hotgd. The measurements

should include both voltage and'cgrrent outputs. Generally, the
circuitry of the instrumcht'isfhscd:as the load, but fixed resistors
can be used to provide loads of any desired value. The stability

of the voltage and current output ig observed as a function of load,

output voltage, and input voltage.. Modern power supplies should

. generally be capable of providing stable high voltages to within a

| few percent.

TEMPERATURE DEPENDENCE

Portable instruments érc ofﬁenlﬁéed under field conditiqns with
wide variations in temperature.,'biUrnalitemperature variations of
50° F can be ehqountefed, necessitating'cérrection of instrument
readings in many cases. Evaluaﬁipn of the temperature dependence

over the range of 0-120° is usuélly adequate, although extension of

"the extremes méy be réquired.

iemperature~depcndéncc is;detefmined by measuring-the output
over'the.desired rahge utiiiziﬁg ;;constant input voltage. Generaily,
temperature effec£s are linear, dﬁaishouid be quite small. Battery
voltage and current 'should also be:recordgd, for these may ve

limiting on the power supply.

BATTERY LIFE

For battery operated supplies, the output voltage and current

.are measured as a function of batitery vqQltage. This test is best

performed using the specific batteries designated for use in the

instrument, since the proper operation of many power supplies is

 highly dependent on both battery voltage and resistance.

N ;.
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An instrument may be designed to operate with several tvpes of
:primary ér sécbndary batteries. fhus ordinary zinc manganese cells
may be used for temperatures doﬁn?ﬁo 0° F to 10° F. Below these

E temperaturés zinc alkaline priﬁary:cells should be used. Battery
life tests should cover those types of batteries whieh will be

ihstalled for thesé environments in which the instrument will be used.

-Fresh, teéted batteries sHouid be installed in the instrument,
and provisions made for measuring'battery voltage, battery current
drain, ﬁower supply voltages, pb&éf supply currents, and overall |
instrument response. The detector element of thé monitoring instru-~

‘ment is placed in.a radiaﬁion field'which should provide a mid-scale
reading oﬁ the most frequently'uséd'range. The iﬁstrument is turned
on‘and thé above variables recordeq over“the life of thg battery.
The end point of the battery is'taken as that voltage at which the
‘instrument response has deereased 10% from the résponsg obtained
with a frésﬁ battery; |

. : . /

A béttery test position is a.highly desirable feature of any
portable sur&ey instrument. The battery voltage should be checked

against the indicated position-to epsure‘that it is properly located.

INPUT SENSITIVITIES

Most portable instruments’ are of the pulse type meter and avral output.
The input sensitivity of voltage sensitive instruments (e.g. Geiger counters)

is' determined with a signal generator providing a voltage pulse similar to :

. that given by the detector. The input éensitivity is expressed as volts or

millivolts necessary to give a stcody meter reéding or aural output for a

given pulse input repetiticn rate.

[P RUINEIN
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For current measuring instruments, such as ion chambers and oronoriional
counters, a current source is used in lieu of the detector. The current ncces-
. : . ‘ k3 ' .‘ . . . "/
sary for full scale deflection is determined, and the input sensitivity ex-
pressed as the current for full scale deflection. If the active -volire of
the detector is known, the input sensitivity may be calculated in terms of

R/hr required for full scale deflection;. This éalculated value can be checked

by placing the instrument in a radiation. field of the appropriate strength

"and measuring the current output of the detector. This technique can alsc be

-

used to determine the linearity of theidétector.alone. Response in pulseﬁ
fields, vhich is daily assuming greater importance, can also be determined

. s
from this technique.

LiNEARITY .
‘Linearity of a rate metér is an iﬁpoftant feature. It ié easily and
quickly checked by puttiné a signal similér to that provided by the deﬁector

intbAfhe detector inpu£ of:the circuit. - The signal generétor éhould be
initially set to provide a pulse rate (in %he cése of pulse detectors) or
current (in the case of current measuring:circﬁits) equal to about half
scalebdeflection. In tﬁe'caée of chafge;éensitive input system, a voltage

to charge convertor is‘pﬁt on the output of' the voltage signal generator.

Lipearity éhould be checked at several points over the rangé of 10 to
100% of fullfscale. It is imporﬁaﬂt‘to‘wéxch-the erroré near fuil scale
meten reading since some“syétems tend.to ;éturate in this'reéion. Lineafity
should be expressed in terms of the pe;centage deviation of meter reading from
the correct vaiue at any pﬁint on the-sca}é'réther than the full scale reading.

Thus, an instrument that read 11% of full scale ﬁhen the input signal was

e

e S e 4
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such as to give a reading of 10% of full scale, has a 10% deviation. A

statement of i___ﬁ is most useful to bracket linearity.

RESPONSE TO ELECTROMAGMETIC INTERFERENCE

Electromagnetic radiation of many kinds can cause unusual effects and
epurious response. The eircuitry, rathér'than the detectors, is more .comnonly
affected. In most cases, wéll.designed circuits with gbod electrical shielding

will notibe affected by electromagnetic fields.

%
3.4.1. MAGNETIC FIELDS

The meter is usually affected'ﬁqre frequently than other éomponents
lby magnetic fields. The effect oflﬁagneticofields can usdally best be'
'determined by actual observation ﬁﬁder the specific conditions encount-
Iered in the fieid, orienting the iﬁstrumé%t along an x, y, and z axis
with resﬁect to the direction of the magnétic lines of force. Differf
.lencés in'inétrument reéponse will»g;ually,be attributablé‘tp the mag-

netic field. ‘The‘effects éf magnetic fields can éometimes be negated

by wrapping the instrument case with mu metal. ' - -

3.4.2. AC INDUCED FIELDS AND TRANSIENTS

Transients caused by interrupting an AC circuit under load are

some Of the worst offenders. This is especially true of AC line
operated instruments, but also holds for battery powered instruments

. ’._——-”.
operated clnse to unshielded AC lines. Of course, in the TCase of -

hattery powered instruments,Aradidted radio frequency (rf) is the

cause of erroneous readings. Elecﬁric typevriters and calculators

are frequently found in areas where monitors are used. - .S
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.The effect of AC transients and induced fields can be crudcly
checked by using an eleciric drill or similar device. Transients
and AC induced fields should not cause deflections greater than 10%

of the meter reading.

RESPONSE TO RADIATED ENERGY (RADIO FREQUENCY)

The most common sources of radiated energy that interfere with

monitoring instruments are:

1. Iﬁducfion type heaters
2: Radio frequency welders
3. Radio frequéncy geherated By”AC line transients
L. Radar beams -
5. Ignition systems.
Welding and radar apparatus may‘have x;raéiation associated with it,

and care must‘be taken to eusure that the response of the insﬁrument

can be particuiarly vexing. AErrors‘éreatcr than + 10% of a given

. measurement have been noted_at~distances of 200 feet from the source

of interference.

In general, instruments Should:be'field tested for radio frequency
response‘under the conditions in-&hich they will be used. The untoward B
effects of R.F. can sometimes be alleviated by a metallic case,

properly grounded.

ELECTROSTATIC CHARGES - : ;

——

As a rule, ion chamber iustruménts are the ones most sensitive

to static charges. The effect of electrostatic charge is easily checked
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qualitafively by movirg a charged Eﬁmb or piece of plasiic around
.the instrument and detector, and noting any deviation in mgteﬁ
feading. The deviation should ﬁo£}exceed + 10% of the reading with
 statié charge; meter deflection frqh zero should be minimal--noi

: mqré than 1% of full scale.

SWITCHING TRANSIENTS

Switching transients refer to quick, violent, large excursions of

i ' . . .
the meter when the range switch is changed. from one range to the next.

vSwitching transients should not drive the meter pointer off scale ("peg"
: , : me

the meter). ‘As a guideline, the pointer éhould return to the original

zero rea?ing in two seconds or less, without the aid of a meter reset

switch.

When checking switching transients, the instrument should be allowved

to war ﬁp completely, and the range'switch changed stepwise in both directions.

CAPACITANCE EFFECTS . -

Capacitaﬁce effects are changes in meter readings or instrument
response from physical motion éf parts of ﬁhe instfumept. uHistorically, the
wvord capacitance is used, for-in the early days.of radiation monitoring
instruments, case movements woﬁld caﬁse'capacity éﬁanges in the circuif,
which would lead to changes in meﬁer readiﬁgg. A second type of capacitance
effect-—hénd Capacitance——is noted whenvthe,hgnd ?s b#ought near the.case

or detector. ‘ ' o

In general, capacitance effects shall not cause meter deflecticns in

excess of + onhe minor meter scale division.,;To crreck for capacitance effects,
, N .

the instfument is turned”on and allowed fo étabilize on the most sensitive
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range. Pressing on any part of the casé, control knobs, lifting the control
knobs lightly or any other manipulation which is associated with normal pro-

cedure shall not cause meter deflectibnvin:éxcess_of that iisted above. The

test- should be repeated on all ranges. . . . ’

GEOTROPIC EFFECTS

-Geotropic or position dependence effects are related to capacitance

_effects. In an ideal instrument the meter?reading.will not change regardless

of the position in which the instrument is .operated. Generally there is some

position dependence due fo gravify effects on the meter.

Position dependence can be quickly and easily determine&Aby rotating a

stabilized instrument through a full 360° in two planes normal to each other

" and parallel‘to‘the ground. Ordinarily,fdéviafions of less than 1 or 2% of

the full scale reading are acceptable.

TEMPERATURE DEPLENDENCE o

‘tufe.test chamber.. The instfument, detector, and source to give a constant

The effects of temperature on the total;fﬁnétional instrument package is
of prime importance, since instruments may be used in thermal environmentsh
ranging from sub-freezing to in excess of lé0° F. It is desirable tﬁat the
temperature éoeffiqieht of the instrument b;‘less than # 0.1%/° F. éanerally,

the detector is the major contributor to temperature dependence, dbut other

components may also contribute significantly. 'Occaéionally, a sirgle compo-

nent such as a resistor may require replacement in order to minimize tempers-

ture effects.

Evaluation of temperature dependence requires an enviromnmental or tempera- '
. ' M .

meter reading are placed in the test chamber. The temperature is raised at a
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rate of about 20° F/hr until a maximum temperature of 1L0° F is reached.

, and a plot made of scale

-

Meter readings are taken about every 10 degrees F
reading vs. temperature macde. The temperature is then lovered at the rate
of 20° F/hr until the lower limit of -10 degrees F is reached. Meter read-

ings are taken every 10 degrees F. When the lowest temperature has been

reached, the temperature is again raised at the rate of about 20° F/hr -

until room tenmperature is reached. - As previously, readings are taken-abosit
e

every 10° F

The’test at lower.temperatures is aléé.a test for high humidity operatién.
At the ﬁtart of the fest, the air is at rﬁbm tempefature in the test chamber,
and norﬁally has a relativelhumidity of}BO;to 50%. As the temperature is
lowered: the air in the chamber will become sétufated and moisture may form
inside /he instrument.case.' In most instances trouble 'is ﬁqt encountered

with mdisture until the temperature is increased from the lowest point back

towar%s room temperature.

In the above temperature tests there may be times when large calibration
deviations occur. It will then be necessafy to check sub-units of the system

one or two at a time, until the temperature-sensitive parts are determined.

EXTRACAMERAL EFFECTS

Fxuracameral effects are meter deflections caused by interaction of the
ionizing radiation with part of the instrument other than the true detector

or ionization chember component. The effect is most prevalent in ionization

chamber type instruments.

' | {

ObQiqusly5 it is necessary to check extracameral effects by shielding the

detector or limiting the size of the radiation beam. By using a well collimatec
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beam, 2mm wide, & scan can be made across the instrument. The meter reading

- can then be plotted as a function of location. In general, extracameral

response should be less than.a few percent of the average reading obtained

with the beam directed through the detéctdf, regardless of range. As a rule,

the extracameral effect will decrease proportionately as the'instrument is

switched to higher ranges.

SOUND AND VIBRATION EFFECTS

Response to sound occurs mostly in pulse type instruments. At times the

speakef response may cause unvanted feedbaék, negating the use of the instru-

ment. 1Ideally, noise effects should be ‘checked in a sound chamber with
variable intensity pure tones. The test is made by exposing the instrument
to noises of various freduencies and inﬁensity, and any abnormal response is

noted. This is obviously impractical, and ‘so random noise generators or
. . S0

general industrial noise sources can be used. Response to vibration or
[P

.impact noise may result in temporary or permanent change in calibration. In
. {2 .

‘addition, vibration may cause physical damége to ﬁhe instrument. A shaker

table is a good device for providing Vibrétion for test purposes. One of

the most satisfactory and practical vibration tests is to field test the

jinstrument for a period of time. Ofdinarily, noise and vibration‘éhould not

i

noticably affect . instrument performance;'

RADIOLOGICAL EVALUATION

The radiological evaluation iS~perhaps:the most germane and cerlainly

the most meaningful to the operational healith physicist. It is also the -

—

/,'/’——f»—-‘-"—!-_

most objective, and requires an extensive amount'of evaluation equipment..-— {

-

. In general, the radiological evaluation is limited to the detector, or the

response.of the instrument as a whole. P
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Characterization of instrument response is rendered difficult by the
problem, and one not unique-to instrument evaluation, of terminologzv. In

the succeeding paragraphs, as in the above sections, an attempt will be

made to define or limit terms, in the hope of improving communication.

¢

RANGE

The term range covers a multitude of features. The range is, of
course, the whole of the instrument response. For instruments with
linear.readout, the range 1s ordinarily expressed in terms of zero to

maximum full scale reading obtainable. For instruments with logarithmic

. readout, the range must necessarily be expressed in terms of the minimum

and maximum scale readings obtainable.

In the typical evaluation, the range of the instrument is usually not
épecifically checked, for other aspects of ﬁhg.evaluation will adequutely

cover this area. However, a rapid check of the range can be easily made

- by simply varying the source to detector distance:

SENSITIVITY

The sensitivity of an instrﬁment deséribes its capability in discrimi-
nating.between two approximately equal éuaﬂﬁitiési Sensitivity should be
constant ovér tﬁe.entire iﬁstrumént range,”and‘is bes£verressed in terms

of percent of full scale for instruments with linear readout. TFor instru-

. ments with logarithmic readout, sensitivity should be expressed as percent’

Ny . . . )
actual scale reading with the scale«reading stated.

.To illustrate, a portable instrument with linear response has a range

.:of 0-10 mR/hr on a single scale. It is possitle to-read the meter to the
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nearest Q.S mR/h?. The sepsitivity of this instrument is 0.5 X 100 = 5%.
: 10

Similarly, an instrument logarithmic responée has a range of 0.1 to 10 mR/hr.'

Near the low end.of the scale, changes of O§O2 mR/hr can be determined, rising

to2mR/hr at the high end. 1In this case, the sensitivity is 20% at both ends

of the scgle.' If the minimum detectable chgnges wefe 5 mR at the high end,

the sensitivity<would be expressed as 20% af-O.l mR/hr to 50% at 10 mR/hr.

An expression of < 50% for the sensitivity, 'although valid; would not be as

descriptive as the previous method.

Sensitivity is determined wi@h the ipstfument in an appropriate radiation
‘field, utilizing a device such as a trolley-df carriage to permit small and
reproducible changes in the source to detécté; distance. In this manner, small:
yet accurate variatiéns in dose’rates qan.beﬂéﬁtainéd. Sensitivity sﬁéuld be
.determined‘at ét légst twé pointg—-one eacﬁ ﬁgar the maximum and minimum

scale reading.’

In the case of alpha monitoring instrumentation, sensitivity is expressed
- in the manner described above, but is determined with several sources, each
having slightly different strength. A single'source‘covered with mesh to

gbsorb various frabtions of the alphas, will suffice.

- '4.,2.1. DETECTION LIMIT

- The detection 1limit is the minimum'(or, less commonly, the
maximum) radiation reading which can be obtained, with the instru-~

.ment. "This value can be obtained from the sensitivity.

ACCURACY

Accuracy is, of ccurse, the relationship of the instrument reading to

e
G e e o PR e i
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the true value, and is expressed as.a limit or range in terms of percent

of the true value. Accuracy is the sum total of all factors which may
adversely affect the reading of the instrument, including reproducibility

(b.bW), stability (L4.10), and sensitivity (b.2).

‘Alﬁhoﬁgh correctly, accuraéybis a statis@ica;.phenomenon, calculeble _—
from thé:khown variance of the numerous féé£ors tﬁét affect the read}gg_gfﬁf-%===’_'_—
the instrument; such calculation (and in@eéd even-éecuring.thé'data on
" which to base the calculétion)’is impractiéal." Hence, the term éccuracy
generally refers to the total uncer£ain£y (i;3 standard deviations) in the
'instrument'readigg, with the ﬁeaéureﬁent m;de under nearly ideal conditions,
and with apprdpriate corrections made for sﬁch factors as température,
pressure, energy, and geometry.: |

. y
Accuracy is best determined with a calibrated source. Instrument read-
. Y
ings over the entire range are compared with the "true" value as determined
N . .

from the source strength. Presented on fhe'following page are some actual

data obtained with an ion chamber survey meter:



True mR/hr

Instrument mR/hr

BEWL-SA-1947

Instrument Range

.15 1k 1
30 30 1
hS.‘ 7 1.
50 b5 10
100 95 10 .
300 310 10
450 | k60 10 h
1500 1600 100
3000 3000 100
4500 h806‘ 100

This instrument was rated as having an accuracy of i_lO%.

L.4. REPRODUCIBILITY

]
Reproducibility ; or precision, is é mgésure gf consistency of readings.
‘It is determined by making at least fivé rgédingg?in a given field, removing
' the field between each reading. This shouid be é;ﬁe over at least three @
points on theArapge of the instrument. iThééfolloQing data were obtained

with_a'GM survey meter on the x 10 rangeé:

"True" CPM I ' Observed CPM

—
1,000 ) 1,050; 1,050; 1,100; 1,050; 1,100
3,000 | 2,905 3,000; 2,9503 2,900; 3,000
5,000 S, lOO 4,900; 4,950; 5,200; 5, OOO

Reproducibility of better than + 5% is indicated by the data.

o

Note that reoroduciﬁil‘ty is not the same aé'accuracy; an instrumevt«"”‘
. /
' that alwvays reads exactly 1.50 the true value would ve 1007 reoroduc1ble,

© but would have an accuracy of + 50
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. Qrdinarily, the instrument is calibrated with a source having an energy of N
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SATURATION

wﬂen in fadiation fields above their intended range, some instrpments
wiil.saturate. The ;ffect manifests ifseif in one of two ways: either the
instrument reading rises to a fraction-—usuglly.about 80-90%--of the maximum

full scale reading and remainc there regardless of how intense the radiation

level gets, or, the instrumeﬁt is driven fo scale but the reading drops

‘back down to zero as the field intensity increasés. Each of these cbnditions

can result in a serious situation with possible overexposures to persorinel.
The former effect occurs most commonly in ion chamber instruments, and the

latter in Geiger type survey meters.

'Saturation is easilyichecked by placing the instrument in an appropriate

radiation fiux, and increasing the intensity until the effect is noted or a

predetermined levei—-usually,lOO times the maximum range of the instrument--

is reached.

"ENERGY DEPENDENCE

Energy dependence--also known as'spectral sensitivityh~refers.primarily
to the response of an instfument to X of ggmma radiation of different energies.
Enprgy-dependence jﬂlcéused b& many fapﬁorsg the two most importantiénes being
photoélectrons (and,‘to a lesser degreé,‘Coﬁpton electrons) from the detector
wall, and self-absorption within the de£édtor wall. These effects are, of
course, compétitive; | |

P
Y

To evaluate energy devendence, the detector is placed in a field of known

strength and energy and the response compared with the true exposure rate.. ™~

" approximately 1 HeV, and the instrument reéponse normalized to this enexrgy.

e v ¢ rmm——— et
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effective energiesAin the 50-250 KeV

- 21 - BNVL-SA-19h7

Several effective energies in the range of 10 XeV to greater than 1

t

MeV are necessary to achieve an accurate indication of energy dependence.

An X-ray machine--preferably with 300 KVP éapability——cén be used to obtain

Eff region by means of heavily filtered

spectra; a wide beam K fluoresceht gsource can be used to conveniently obtain

essentially monoenergetic nho»ons in tne reglon 8 lOO KeVLff. The higher

energles are prov1ded with nuclldes, commonly 137cs (662 KeV ), 222pa +

Eff

daughters (v 800 KeV.

Eff)’ and °%Co (1.25 MeV__ ). A typical series of

Eff
ehergies for a cutie pie type instrument might be 8, 17, 23, 40, 60, 8o,

100, 125, 175, 200, 662, 1250 KeVp oo

Energy dependence should be determined with both open and closed window,
and of£en for other conditions, such as with:fhe beam end——on‘oy through a
thickér side ﬁall. Energy devendence sh5uld be reported as a +, - percentage
over a specific energy fangé'or a 4, - pe?eégtageunormalized to a specific
energy. Graphical presentatioh, in thé form Qf a.plot of respoﬁée per unit
exposure as é.function.of eﬁergy, is a supefior méthod of showing eﬁergy

dependence.

TEMPERATURE AND PRESSURE DEPENDENCE
These effects are usually minor, and are commonly caused by changes in
the ﬁass of air within the detector.. Horever, temperature effects on

other comncrnients can also cause appreciable changes in instrument response,

and a testing procedure similar to that described in 3.8 above is recommended.

Chaznges in atmcspheric pressure should Fave ,minimal effect. If an

"appropriate environmental test chamber is available, the change in instrument

response to a constant field should be ‘determined in 10 mm increments over
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h.g,
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the range 720-780 mm Hg. A pressure ccefficient, in terms of percent

change'per mm:Hg»will usually be appareﬁ{ from the data.

ANGULAR DEPENDENCE

Because most detectors are not spherical, angular dependence may cause
serious discrepancies in readings. In particular, angular dependence becomes—

significant vhen a fixed geometry or windowed detector is used in an ambient.—=—=—="

P

- field or in such a manner that the window cannot .be pointed .towards the

direction of the field. . - N T

. Angular dependence is best checked thféugh a fuli 360° in perpendicular
planes, one parallel to the horizgntal and the other to the vertical axis of
the detectér. Measurements sﬁouid beAméae-;t 15° ‘increments. If fhe.detecéor
s syﬁmetrical about an axis, the determination caﬁ be made over 180° or 90°,
as indigatéd by the geometry. )

The statement of angular dependeﬁcé.shéuld be expressed as + a percentage
frbm a.fixed point, usually the so—callgd‘“nérmal" of the detéctor. However,

a graphical representation is superior, as is true for energy dependence.

RESPOISE TO UNWANTED RADIATIONS

Portable survey meters are usually intended to monitor one type of radia-
tion. Photon monitors such as ionization ghambers, for example, should be
relatively insensitive to other penetrating radiations, viz. neutrons.
Similarly, alpha or neutron monitors should be insensitive to photon radiations.

Checking the rejection of unwanted radiations is often more art than

science. For example, energy dependence must be considered, particularly ‘

when evaluating the rejection_of photons by4neutron or alpha scintillaticn
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instrﬁments. Neutrons may show a similér'éﬁergy:dependence, with a response
beinglelicited,-éay, only by thérmgl neﬁtyﬁns. And, the undesired response
méy not appear except in a mixed field. waeyer,’as a general rule of thumb,
it is ‘usually necessary to check respoﬁse‘#b unvented penetrating radiation

up to levels of about 10 R/hr in the case of photons, 107 n/cm?/sec of fast

neutrons, and 108 n/cmz/sec of slow or ihermél neutrons.

CONCLURING REMARKS

The evaluation of portablé radiation monitoring instruments is of
prime importance if these devices are to bé selected intelligently and use&
to maximum advantage by operating health ﬁhysics personnel. Knowledge of
éppropriate bérrection factérs, idiosyﬁérésies, aﬁd resfonse'characteristics

are vital to proper application in the field.

Evaluation of a portable instrument-shOuld tak® into account relevant

A 2 )
mechanical, electronic, and radiological response features, and should be

\ ' .
oriented towards ultimate field applications} Bé%h physical and psychological
factors should be considered; personnel will not have confidence in an instru-

menﬁ that déesn't look as if it will work. 'Underiying all phases of the

evaluation is economics; one must get the most for each dollar spent. Impli-

cit in this is minimal maintenahce along with low initial cost.

Proper evaluation requires time and a.fair amount of expensive test

equipment. The prcgram outlined and briefly discussed above is by no means

< .

the ideal nor is it all encompassing. Rather it represents an attempt--
. : /

perhaps more realistically, a start--towards uniform evaluation procedures

] e

and terminology, with a practical end result. : -





