A. INTRODUCTION

Propused revisions to section 70.51 of 10 CFR Part
70. “*Muateriyl Balanee. Inventory and Records
Reguirements,” would require Jicensees authorized to
possess at any one time more than one effective
Kilogram of special nuclear material 1o establish and
maintain a4 system of control and accountability such
~that the limic of error of any material unaccounted for
(MUF), ascertained as g result of a measured material
baliice, meets -established minimum  standards, The
_sclection  and  proper application  of an. . adequate
measurement method for each of the material forms in
the tuel cycle'is essential for the maintenance ‘of these
standards. ' ' :

“ . This is the. first in a two-part series of guides which
present  specifications for lithium-drifted germanium.
Ge(Li); gamma ray spectroscopy systems. This guidance’
applies 1o the selection of a special nuclear -material
(SNM) assay  syslem  which utilizes gamma ray

radionuclide abundances. Within each of the guides in
this series, Data Acquisition and Data Reduction,
variations of a basic spectroscopy system are defined and
individual specifications” provided. The procedures for
_applying these systems to specific materials and the
" analysis of the reduced data is the subject of a later
guide.

B. DISCUSSION
1. Background

G_umhm ray spectroscopy systems have been used
for the nondestructive assay (NDA) of various special

- spectroscopy’ for the guantitative determination- of the
- SNM content and a.qualitative determination of the-
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nuclear material forms encountered i the fuel cvele
both for quantitative determination of the special
nuclear material content, and for the determination of
radionuclide abundances. In addition 1v the NDA of
bulk materials, pamma ray spectroscopy is used in the
analysis of specially prepared. homogencous liboritory
samples.

There is no single gamma-ray Spectioscopy system
availuble which is satisfactory for all appliéations nor is
there o standard which defines and specifies the type or
types of ‘svstems to be used in cach of the above
applications.  This guide defines and  detuils  the
specifications  for  gamma  ray  spectroscopy  data
aquisition  systems appropriate  for special  nuclear
malerial assay. ' :

The scope of Lhis guide is limited 1o the
consideration of Ge(Li) pgumma ray spectroscopy
systems. No discussion of thallium-activated sodium
iodide, Nal(TDH, gamma ray systems is presented. In
addition. no discussion of applications of gamma ray
spectroscopy ure  presented.  The  meastrement
procedures (including calibration). analysis methods,
inherent limitations. and overall precision and aceuracy
are specific to cach application and are therefore the
subject of separate application guides.

An clementary introduction ta the concepis
associated with the application of Ge(Li) spectroscopy
to problems of nuclear material assuy is available.'
Descriptions of the physical processes of gammu ray
detection, discussions of impartant instrumentation

‘L. A. Kull, “An introduction to Ge(Li) and Nal
Gamma-Ray Detecturs for Safeeuards  Applicitions,”
ANL-AECA-103 (19723).
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dmrnutensms -and a stcp—by step dcsmpl ton of snnpic
assay problem are-included in this document. Relevant
. information.. prcscmed at a1 somewhat higher technical

‘level, including.  nomenclature and  definitions, ‘i
contained in two uscful standards documents.? - Thesc
“describe ‘detailed lc«.hmqucs for- defining and: obmmmg

o mc.mmgful performance -data for Ge(Li) detectors and
- amplifiers. “The glossaty.of ‘technical terms found in both

“these: standards dm.umcnls will ‘prove vatuable to those
- unl‘.mulm \Vllll gAmm.! my spec.lrosmpu numcml.mlrc

Fm.lllv lhcrc m a o.onaldemblc .mmunl ol valu.xblc N

buckground: material: puhhshed by the: ‘manufacturers of
detectors and associated clectronic hardware which is
a\.xnlahlc fromthenron rcquest

2. Functional Descnptmn '

‘A block diagram of those components of the Ge(Li)
spectroscopy system which perform the data acquisition
function in material prolection measurements is shown

—in Fig. 1. The function of these components is first to
convert the charge produced by the interaction of an
incident gammu ray with the Ge(Li)-detector into an
amplified. analog electrical signal. The analog signal is
then converted into digital information which can be
stored.  displayed, and otherwise processed by
appropriate data reduction and analytical modules.

3. Types of Sy.ste'ms'

There are three variations of the basic data
acquisition’ systemn presented in this guideline. This
variance in the basic configuration -is the result of
atiempts to oplimize each system to obtain specific
" assay informaliori from _certain types-_of material forms.

. The. three .variations -of ‘the basic system dre.
described  below "and-'will be referred to by Roman
numeral in* the remainder of the document. (For
- example. System If refers to paragraph H below.)

" A'moderate to high efficiency system having an
ecnergy resolution which is adeczuaic for assays of
materials for the fissile isotopes 2*'Pu, 239Py, 235,
and *?3U, 1t can also be used to perform assays of
materials for fertile lsutopcs such as 232Th and 2*U
and to determine the “age” of plutonium samples from
measurements  of .thcir" americium-241 content. This
system is used in those applications where Nal resolution
is inadequate to accurately resolve the gamma ray lines
of the isotopes of interest from those (rom an interfering
background . and where the lower efficiency Ge(Li)
detector still provides sufficient sensitivity for practical

*“Test Procedure for Amplifiers and Preampiificrs for
Semiconductor Radistion  Detectors,” JEEE Std 201-1969. The
Institute of Electrical and Electronics Engineers, Inc. (1969),

_2“Test Procedures for Gernunium Gamma-Ray Detectors.”
U IEEE S1d 325-1971,
- [:n;nm:crs lnc (I97l)

The Institute of Electrical and Flccnunic\

s

assay work. The sysiem is designed to measuse gamma

_tays wilh energies greater than 120 keV.

Il A moderate to high efficiency system which
can_ satisfy all the requisites for System I and which. in

* addition, has_the improved energy resolution necessary

to assay for the plutonium isotopes 238 through 241,

‘This system is commonly used (¢ delerminc the relaive

radionuclide abundances and is designed to measure
gamma rays with energies greater than 120 keV.
UL A ﬁy:tcm designed. specifically for low-energy

_gamma ray .and X-ray -spectroscopy (at gamma ray

energies less than 200-keV) having an energy resolution
adequate 1o perlorm quantitative and qualitative assays
of speciully prepared samples for the isotopes of
plutonium (238-241) and uranium (235 and 238),

4. Equipment Acceptance Practices

Standard practices regarding the final acceptance of
cquipment are usually prescribed by  individual
companies, laboratories. or departments. However, some
of the following procedures have been found to be
useful in providing the user with the assurance that he
will acquire equipment which will perform as expected
in nuclear material assay applications.

Equipment descriptions - (including the theory of
operation) and-instructional material covering operation.
maintenance. and servicing of all electronic components
should be supplied for individual components or
complete systems. Such -descriptions should include
complete and accurate schematic diagrams for possible
in-house equipment servicing. Carcfully specified
operational tests of system performance should be made
at the vendor’s facility and the ongmal data supplied to
the- user -before - equipment delwery is scheduled, with
final acceptance based on the user’s own pcrformance
data taken at the user s famhty.

It is necessary _to'have calibration sources on hand
to verify the operational capabilities of the system. The
following radioactive sources (with appropriate
activities) will provide sufficient counting rates to
perform the tests specified in the regulatory position:

49Co-10-30 uCi

57Co~1-10 uCi

C. REGULATORY POSITION

Lithium-drifted germanium, Ge(Li), gamma ray
spectroscopy data acquisition systems mecting the
operating specifications given below are considered
adequate for use in special nuclear materials assay. The
seicction of a system mecting these specifications is
considered necessary but not suflicient for accurate -
gamma ray spectroscopic assay requiring resolution
better thun obtainable with Nal. No guarantee of
measurement quality as a resolt of the application of

such.systems should be assumed.




“characteristics, and a 's(cﬁby.stéb description of asimple

. ussay_problem arc.included in this document. Relevant
uﬂurmalmn presented at-a somewhat higher technical . °
and definitions, is

level, including .nomenclature
mntade in two uselul standards documents.? +* These
* describe - detailed techniques | for defining und- obmmmg

mc.mmglu! performance’ data for- Ge{Li)- detectors and

amplitiers. The.glossary of technical terms found in both

“these. sland.ndﬁ documents will prove valuable 1o those:

unfamiliar with gamma-ray Spectroscopic nomenclature,

- Finally. there is @ considerable amount of valuable
‘background materind published by the manufacturers of

detectors and associated clectronic hurdware which is

available from them on request.
2. Functional Description

A block diagram of those components of the Ge(Li)
Cspectroscopy system which perform the data acquisition
function in _material protection measurements is shown
in Fig. 1. The lunction of these components is {irst to
convert the charge produced by the interaction of an
incident gmma-ray with the Ge(Li) detector into an
. amplified, analog électrical signal. The analog signal is
then "converted into digital information- which can be
stored,  displayed, and otherwise processed by
" appropriate data reduction and analytical modules.

3. Types of Systems
There are: three variations of the basic data

_ acquisition system presented in this guideline.  This
varfance in the "busic configuration is the result of

attempts- to_optimize cach system to obtain specific .

assay information from certain types of material forms.

The three -variations of the basic system are
described .below and will be referred to by Roman
numeral in the remainder of the document. (For
example, System 1 refers to paragraph 11 below.)

I A moderate to high efficiency system having an
energy resolution which s adecxuate for assays of
materials for the fissile isotopes 2% 'Pu, 2*°Pu, 278U,
and 23U, It can ulso be used to perform assays of
materials for fertile isotopes such as 232Th and *°*U
and to determine the “age™ of plutonium samples from
measurements of their americium-241 content, This
system is used in those applications where Nal resolution
is inadequuite to accurately resolve the pamma ray lines
of the isotopes of interest from those from an interfering
background and where the lower efficiency Ge(Li)
detector still provides sufficient sensitivity for practical

?“Test Procedure. for. Amplifiers and Prc.xmphﬁcrs for
Semiconductor Radiation’ Detectors.” IEEE Sid 301-1969, The
- -Institute of Electrical and Electronics ann_‘mcn inc, (1%9)_ )

3 Test Procedures for Germanium Gamma:Ray Detectors,”

IEEE Std 325-1971. The Insmuu: ol Electricaland E chtmmcs

E nplmcrs Ine, (1971).

following

‘better than obtainable ‘with Nal.

assay work. The system is designed 10 micasure gamma
rays with energies greater than {20 keV,
[I. A moderate to high cfficiency system which

can- sausfy all the requisites for System ! and which, in
. addition, has the ‘improved energy resolution necessary
- - 1o assay. for the plutonium isotopes 238 through 241.
" This system is commonly used to determine the refative

radionuclide abundances and is designed to measure

- gamma rays with energies greater.than 120 keV

HL A system designed specifically for low-energy
gamma ray and X-ruy spectroscopy (al gamma ray
energies fess than 200 keV) having an encrgy resolution
adequite to perform quantitative and qualitative assays
of specially prepared samples for the isotopes of
plutonium (238-241) and uranium (2335 and 238),

4. Equipment Acceptance Practices

Standard practices regarding the final acceplance of
cquipment arc usuully prescribed by individual
companies, laboratories. or departiments, However, some
of the following procedures have been found 1o he
useful in providing the user with the assurance that he
will .acquire equipment which will perform as expected
in nuclcar material assay applications,

Equipment . descriptions {including the theory of
operation) and instructional material covering operation.
maintenance. and servicing of all clectronic components
should be supplied for individual components or
complete -systems. Such -descriptions : should include

. complete and accurate schematic diagrams for possible

in-house - equipment servicing. Carefully specified

‘operational tests of system performance should be made

at the vendor’s facility and the ongmal data supplied to
the user ‘before equipment delivery is scheduled. with
final acceptance based on the user’s own performance
data taken at the user’s facility.

It is necessary to have calibration sources on hand
to verify the operational capabilities of the system. The
radioactive sources (with appropriate
activities) will  provide sufficient counting rates to
perform the tests specified in the regulatory position:

69Co-10-30 uCi

$7Co-1-10 yCi

C. REGULATORY POSITION

Lithium-drifted germanium, Ge(LD), gamma ray
spectroscopy  data  acquisition sysiems mecting  the
operating specifications given below are considered
adequate for usc in special nuclear materials assay. The
selection of a system meeting these specifications is
considered. necessary but- not sufficient for accurate -
gamma ray spectroscopic assay requiring resolution
No guarantee - of
measurement quality as a result of the application of
such systems should be ussumed.
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~related to the overall -performance of ‘the entire - data

: auquxsuion system. Component specificaiions have'been

- included in Appendix A to provide guidance in the
sclection of original or replacement components which
are essential if adequate- system performance is to be

“attained. The system operating performance should not
ke deduced from the component performances: overall
system performance should be checked independently
and compared to the operating specifications prcsuncd
‘here,

L. Energy _R'e.éolution and Peak Shape

_(Systems 1, 11, 11 The energy resolution of the

- -system should be measured according to the procedure
specified in 1EEE Standard 325419710 with thc

following additional stipulations: (1) the peaking time®
for- the shaping amplifier should be no. grc.ncr than 4
~usec: (2) the total number of counts in -the center
channel of the peak should be no less than 10° counts;
(3) the count rate during the measurement should be in
the range 10? to 10® counts per second as measured
with a total count rate meter. The full width of the peak
at  hall maximum (FWHM} and full -width at
tenth-maximum (FWTM) are as defined in IEEE
Standard 325-1971.% The full width at 1/50 maximum
(FW.02M) is defined in a similar manner. The energy
resolution and ‘peak shape specifications for each of the
systems (1, 11, 11D} are given in Table | and the measured
-values should be no greater than those shown here.
These values have becn determined to be necessary for
the. applications defined in B.3. above.

2, Detection Efficiency

(Systems 1, 1) The full energy peak efficiency (in
percent) is defined relative to the full energy peak
efficiency of a 3 in. x 3 in. Nal(T1) scintillation detector
for 1.33 MeV gamma rays (°“Co) at a source-detector
distance of 25.0 cm. The detailed procedures for
determining the . efficiency -in accordance with this
definition are presented in IEEE St:mdard 325-1971. ?

Thc efﬁucncy reqmred for- spcciﬁc assay

'applnahons should -be determined by estimating the -

gamma ray- intensity at the detector from a sample of

known strength - and the counting rates required to
collect a stahsucally sngmﬁcant nimber ofcounls undc.r

“1EEE Sid 325-1971, op. cit.. Section 4,

$ peaking time—the time required for a pulse to reach its
maximum height. Pcaking times can be casily measured with an
oscilloscope and are less susceptible to misinterpretation than are
RC time constants. The relationship hetween RC time constants

~-and peaking time varies as their is no standard methad - for

defining RC - time constants in semi-Gaussian shaping networks.
¢1EEE Std 325-1971, op. cit., Section 3.

7Ibid,, Section 5.2, _

r

Tlu. cmphusxs hcrc is- un lhc opcr.mng Spcu l‘uuuns_

“the spectrum peaks of inferest in a reasonahle period of

time. Estimates should be  corrected  for
sample:to-detector distance and the effects of absorbing
materials - placed between the sumple and detector,
Whenever possible. it is advisable to make prefiminary
measurements on the samples under consideration with
an availuble detector, and the efficiency of the optimal
detector determined by extrapolating the measnred
results. A nominal estimate ol the detector efficiency (as
defined above) required for most  applications - is
approximately 8% however, detectors with efficiencies
i the range of 8% 10 20% are in use for pueclear material
assays. {To assist in providing some perspective here. an
8% detector as specified above has an active volume of
about 40 cc while 5 to 207 detectors have volumes of
about 25 ce 1o 110 ce. respectively. An 8% detector has
absolute detection efficiencies of about 15 x 107" w 185
keV, 4.5 x 1074 @ 411 keV, and 090 x 107 ¢ 1.33
MeV at a source-detector separation’of 25 ¢m.)

(System 1) The method deseribed above for
determining the detection efficiency with a high energy
gamma ray source is not relevant for detectors used in
low-energy gumma ray spectroscopy. Instead. it is more
appropriate to specify. (1) the active volume of the
detector and {2} the maximum effect ol absorbing
materials (absorbing materials include detector surface
“dead layers,” gold surface plating, and the end cup
window of the cryostat). The following specifications
are therefore given for the low-energy gamma ray
system: '

a. detector volume-1.0to 1.5 cc

~b. drift depletion depth--0.5 t0 0.7 em

c. layers of absorbing material between  the
radiation source und the active volume of the detector
must be thin enough so that the 14.4 keV peak from u
57Co source is at least S times the continuum
background under the peak.? '

3. Count Rate Capabilities

The following specifications are related to u
system’s ubility to maintain adequate energy resolution
at high count rates.

(Syslcms I, ll) Thc syslcm should be capable of
Eer.mng at a total counting rate of 10 cps from a
Co source (as measured with a total count rate meter)
with less than a 10% 1olative increase in.the 1.33 MeV
peak width at 1710 the maximum peak height (F\VTM\
as compared to the FWTM value measured at 107 io 10°
cps.

(System HI) The system should bhe capable of
ol))cruting at a total counting rate of 5 x 10% ¢ps from a
57Co source (as measured with o total count rate meter)

8Care should be taken to ensure that the *7Co source
encapsulation is -thin enough. (<100 mpfem?  plastic or the
equivaient) so that self absorption in the source itsell is not

“significant,

5930




- efficiendies.

L '\vn!‘ lLss lh.m a 10‘/'» rcl:nm. mcrc.:\c in lhc F WHM .md
- FWI0IM of lh; 122 keV pcdk us Lmuparcd to the v.xlum

""f..obl.uncd at lC LP

Tl .:_!__’eal_i-lo-‘_(;_qmpton_ Rmio-“? n

- (System: _I_l) The pc ak- 1o (‘umplun ratio for the

1. B3 MeV peak’ tmm 4 *"Co souree as deftined in 1EEE
-_:_"Ql.mdnrd 25971°

- specilied . in. Tabke

5

for “coarresponding  detector

(System 111) This 's'pcciﬁc:n'ion is not upplicable.

. Linearity and Stability

(Systems 1, 11, HD The integral non lincarity of the
data acquisition ‘system’s. energy calibration sheuld be
tess than 0.2%% over the 1op 95% . of the ADC range. The
sysiem nonlingarity should be musured using a set of

PIEEEStd 325-1971, op. cit.. Section 3.4,

“should be g,rc.ncr than the values .

. L.xhhr.xtmn ﬂourcu should be less than 0,17

wellknown ganima ray sources and the procedure
described in the literature.! :'?

' The long-term stability requirement for the system’s
7ero channel and guin should be defined as follows: the
drift in the pmmun of a spectrum peak from a
:{compared Lo
full scale) . in -3 24-hour perivd at constant: room .

-temperature. (For-example; the eentroid of 4 culibration _

peak placed in approximately channel 4000 of a 4096
chunnel spectrum should not vary in position by more’
than 4 channels over a 24-hour period.) Tiie temperature
cocelficient of the syslcm s zero channel and gain should
be lL\\ than 0.0254/°C in the temperature range from 0°
o 50°C.

PR, C. Greenwood, R. (. Helmer, and R. G. Gehrke,
“Precise Comparison and Measutement of Gamma-Ray Energies
with a Ge(Li) Detector L. 5()-4"0 keV," Nucl, Instr, and Methads

77. 041 (19700
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VPR, G. Helmer, R. C. Greenwood and R, G. Gehrke,
“Precise Comparison and Masurement of Gamma-Ray Energies
with a Ge(Ld) Detector I§. 400-1300 kev,” Nuclear. Instr. and
Methods 96, 173 (1971) '




COMPONENT SPECIFICAT!UNS

Detector Crystnl Geo metry

(Syqlcms 1 Il) 'l he detector should be of lhc closed” .
this

cnd ‘coaxial  drift; right - circular cylinder - ‘ype:
_ -umﬁgumhun has ' the m: wimum fraction of-usable’ active
. volume. for-detectors-of moderate o high efTiciency. The

crystal dumclcr <huuld be' approximately equal 1o its )

lengthi to minimize any unusual efficiency vs. geometry
effects, The active volume of the detector should
comprise at least 90% of the total erystal volume with
the undrifted core diameter kept s small s
cconomically possible. This maximizes the pmblbxlm
that a gamma-ray- interactivn will appear in the full

energy peak of the spectrum. (Note: The specification

on pedk-to-Compton ratio given in Section C.4 is
dircclly related to the crystal's active/total vohlume atio.)

~(System 111y The detector should be of the plunar

‘type. Small detectors of this configuration offer-the best
resolution  available for  low-energy. gamma - rays.
Operating specifications are given-in Scction C.2 that

define the allowable thickness of detector surface “*dead -

layers™ which ubsorb low-cnergy gamma rays before
thcy interact in the detector’s active volume.

(Syétcms I, I, H1) Methods for specifying the
physical size -for the' detector crystals are covered in
Section C.2. .

2. -Detector Mduhtirig and Cryostat Description

(Syslcms I, Il lll) Thcre are four detcuor cryostat
configurations which are typically available: (1) right
angle dip-stick, (2) upright dip-stick. (3) gravity fecd.
and (4) side entry (portable). Of these, the right angle
dip-stick is widely used for Systems | and [I und the
upright dip-stick for System III; the configuration
selected should be that considered to be most useful for
a specific application. For reliable operation, the vacuum
in the detector housing should be maintained by a
zeolite getter. It is recommended that the liquid nitrogen
Dewar have 1 minimum capacity of about 30 liters and a
holding time of at least 10 days. The Dewar should have
a connection which allows replenishnment of the liquid
nitrogen supply without removing the cryostat. A
separate high-voltage input to the cryostal housing
should be provided in the cvent it is nccessary or
* desirable ‘to apply a detector bias which exceeds the
rating of. the preamplifier’s” high-voltage input. It is
recommended that the high-voltage input be clearly
‘marked and located at least 2.0 cm from the
preamplifier signai output. The distance between the
detector’s front surface and the window in the housing
should be less than or equal to 1.0 ¢m to allow one to
_achicve minimal detector-sample scparations when
- necessary.

APPENDIX A

3. Prcaﬁxpliﬁers

© compatible

preamplifiers
spectroscopy

Cases
material

.' (Systems 1, H)
with

Iy many
nuclear

~applications are purchased in combination witha Ge(Liy

crystal as a package. The detector  specificutions
therefore relute ta the  detector-preamplifier
cambiaation:  however,  the  following  additional

“specifications should be included in the setection of an

optioal system. A charge sensitive preamplilicr should
be mounted on the eryvostat near the detector. The field
effect trunsistor (FET) in the first stage ol the
pI‘L.lII]EIIf"' should be operated st room temperature
(~300°K L' Tie detector should be duc. coupled (as
apposed-1o capucitively coupled) to the gate of the imput
stage of the meamplilier for better energy resolution.

The following procedures are recommended to
minimize the probability of destroying the FET due to
detector warmup ar high-voltage transients. Positive high
voltage should be used, and the: 2 should be at feast one
filter section placed in the high-voltage system internal
to the cryostat. At least one filter should also be placed
external 1o the eryostat 1o reduce the possibility of short
circuiting due to condensate formation on the internal
filter. The total RC time constant of the filier network
should be at least 30 seconds.

(System D Same us above for Svstems | and H

~except that the FET in the 'preamplifier’s lirst stage

should ‘be located within the cyrostat and operated al

“liquid nitrogen (LN) temperature. An LN cooled FET is

5.9-5

required to achicve the excellent cnergy resolution
characteristics of this system.

4. Main Amplifier

(Systems 1, 11, HI) A main amplifier with adjustable
min shouid include unipolm. semi-Gaussian pulse
shaping networks  with adjustable  time  constants
corresponding to peaking limes between 1 and 8 psec. (|
to 4 psec peaking times are typicolly used for Svstems |
and 11 while peaking times as long as 8§ psec could be
used in System {11} This choice of amplifict provides
minitmum resolving time for u given encrgy resolution
and suficient flexibility to optimize the amplifier
characteristics for most’ counting conditions. Nominal
specifications  to aid in identifying this class of
amplifiers. commonly referred to as  spectroscopy
amplifiers. include the following: finear range 0 to 10V,
integral nonlinearity  <0.05%. temperature slability
<100 ppm gain shift/°C. and thermal noise <5pV rms

12 (System 11 only) The preamplifier’s first stape FET may
be located within the cevostat and operated at liquid nitrogen
temperatures, but  in order  to  facilitate  possible  FET
replacement, it -is recommended thut a detector he selected
which attains adequate energy resolution with an uncoaled FET.




E rcfcrrcd lo lhc mpul for 4 uscc peakmg hmcs(the noise
= level varies. inversely with .the peakmg time). The main
- umphhcr simuld bc a smndard NIM' mudulc

such as degradation of the:energy resolution resulting in
‘a loss of counts in the. spectrum peaks hq.m 1o oceur,
_ '-;'Thcsc cffuls are dug to the overlap of portions of two
- Jor mote puI\c\ in time and to baseline Nuctuations. The

j ('H a'baseline. restorer, (BLR) circuit ai. the
mplitier uu‘lput and () pole-zero. cancelled .coupling
-networks: The: BLR un.uxl should be deusmblc lnr hoth
._lu\\ .md iugh counlmg r nc Lundxlmm ' .

' 5 Analog to D:gnnl Comencr(ADC)

_ (,Systcms .11, 1Y The ADC should be capable of
digitizing -pulse amplitudes from the amplifier in the
runge of 0 to 10 volts in 2t least 4096 channels. The
Afrmquency of the intersal clock should be at least 50
megaheitz 1o handle high counting rates with nominal
ADC dead time losses. The integral nonlinearity should
“he less than 0.15% over the top 95% of full scale and the
‘differential nonlincarity should be less than 1.0% over
- the top 95% of full. scale for semi-Gaussian pulses with
-pcnkmn times of | to uscc..These lincarity speclﬁcnuons
.. are. ‘not. siringent. but- are -adequate to -enable
' 'ldcnuﬁr.auon of unl\nown peaks which may. appem ina
‘spectrum:

The short-term zero channel arid gain drifts should
be < .01%/°C and < .02%/°C, respectively (the
percentage refers to full scale), in the temperature range
from 0° to 50°C. For long term stability, the peak from

_UINIM-Nuclear  Instrument Module.: sce USAEC Technical

Information Document; Standard Nuclear lnmumcnt Modules,

ch:mn 3 TID-’0893 (1969).

. YMFor morc det :nls on BLR circuits see V., Radeka, “Effect
" of ‘Baseliné - Restoration® on ‘Signal-to-Noise Ratio in Pulse

_Ampluude Mcnurcmmn " Rev, Sci. Instr. 28,1397 (1967,

_1\l munlm;_. I’dlcs grc.:tcr uun ~10’ Cps, pmblcxm .

n'.mmludc ot lhe\c'cffcus can be minimized by the
o mLhmun of the. following features in the amplifier’s .

" a stab]c pulscr should not shift by more than one

: _Lhannel over o 24-hour period for a line voltage of 115V

+ 10%, 50-65 Hz,’and at constant room lemperature.”

' (Nolc The, ADC drift and _lincarity specifications arc

closely. -retated “to “the -overall - system’ stability and

lirearity operating spcc~ﬁullom described “in Section
.C5)

The -ADC should be capable of being DC coupled to
the main amplifier in order ‘that BLR circuits can be
used, A digital: offset capability in the ADC is
rccommended. {Note: In some systems the ADC is an
integral - part of-a multichannel analyzer, a unit which
also .performs:the [functions of data storage, display, and

. sometimes . rudlmenlary .m.xlysns These latter functions
are. takeén ‘up ‘in Part 2 of this series. In multichannel
analyzer systems, however, the ADC function is usually
“specified separately and canbe compared thh the above
recommendations.)

(Systemi 1) For certain applicativns where energy
resolution s definitely not critical, all the ADC
specifications above arc applicable with the exception
that a 1024 channel capacity with 1 1024 digital offset
may be adequate to provide a sufficiently small cnergy
interval per channel (keV/channel) to cover a limited
energy range of  interest. It should be emphasized,
however, that this choice may restrict the effective usc
of the system for olhcr applications. -

6. Power Suppha

(Systems 1, 1, 1) The system power supplies
(détector “high voltage, preamplifier, and NIM bin)
should be capabte of operating the system within the
operating specifications listed in Section C.1 when
supplicd with 115 volts (£ 10%) at 50 to 65 hertz (at
constant_room temperature). ‘The detector bias power
supply should have an adjustable output that is short
circuit protected with automatic power restoration after
removal of the short. The maximum output voltage is
determined by detector requirements; 5 kilovolts is
sufficient for most applications.
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ENERGY RESOLUTION AND PEAK SHAPE SPECIFICATIONS.

“ TABLE1

SYSTEMI
Calibralion_Sercc- | . )
‘Gamma Ray Energy FWHM {keV) FW.020/FWHM
“3IC0- 122 keV 1.6 less than 2.7
#0Co-1332 kev 25 less than 2.8
SYSTEM I
$1C0~122 keV 1.0 less than 2.7
- %0Co- 1332 keV 1.9 less than 2.8
SYSTEM 111
$7Co-5.9keV (Fe X-ray) 0.32 less than 2.5
© 371Co~122keV 0.55 less than 2.5
TABLE 2. N .
B o PEAK-TO-COMPTON RATIO VS. DETECTOR EFFICIENCY
. : Detector Efficiency Minimum
{As detined in Section C.2) Peak-t0-Compton Ratio
56 200
| .
10% - 30:1
20% ' ' : : ~_ : 38:1
591
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TO REGULATORY GUIDE DISTRIBUTION LIST (DIVISION 5)

Enclosed for your information and use are copies (which may be reproduced)
-of the following regulatory guides:

Regulatory Guide 5.7 - "Control of Persomnel Access to Protected
: ; Areas, Vital Areas, and Material Access Areas"

Regulatory Guide 5.8 ~ "Design Considerations for Minimizing Residual
Holdup of Special Nuclear Material in Drying
and Fluidized Bed Operations."

Regulatory Guide 5.9 - “Speéificatibns for Ge(Li). Spectroscopy Systems
- for Material Protection Measurements - Part I:
Data Acquisition.”.

The Division 5 Regulatory Guides are being developed to provide guidance
on the acceptability of specific materials and plant protection related
features of nuclear facilities licensed to possess special nuclear
material. Enclosed are a table of contents of issued Division 5 guides
and a list of additional guides in this division currently being
developed.

Sincerely,

;fid)z:;_\x(iﬂzzanJyfl,/
ester Rogers

Director of Regulatory Standards

Enclosures:
As stated




