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Sage I Sgrtinm v g Las:e v.-..h_...mz

Surface Dose Rate 10 mAem/hour max imum
Transetl Caze USUOT 7A, Type A, Yot tow |1
) Labei, 0.2 1/

Pnge 8 Scgtion t 2 pagay Sourcze

Change from: Six athatine O 3120 batterses
: to: Six sikatine A@ 3,2¢ batteries

Change from: 6000 Qoerating hours
te: 1200 Oserating hours

Change from: 4000 Operstion hours
to: 800 Operating hours

.

S
Page 8 .28 Gane weignt
Change fsom 18 kg to 13.7 xg.

Pige 56 mnnnw Sectign Battary feplacemant

Change 3econdg Peragraph “B siye~ to “pa size”

Repliace thirg paragraph with;

Remove the Processor Panei using .:L {our thume fcrews .

femove the twe ICTews clamoing the battery retainer and
feplace the batteries wilh the polarities as Indicated,

22ge I8 wndor Sectign 8 4

Categary . YELLOW ;.
Transport Index c.2 .
Type A

9.7 Radiatian Protaiie

The maximum 3urface and one meter *XpPasure rates for thnyy
®Quioment are fyateq Geiow sn mAem/n. The gamms a03e rates
afe normatized for (o mCy of Ca-131. The neutron dose rates
8fec calcutated baseqg upon & 40 mC| Am-241:Be source
Pfoducing 8.3 x 10~4 nis., v

The Transoorty tnaex far the Tranait Case ana Gage I3 o.ng.

Transit Case

Gam( Gam{~» Nay(: Neu(2)1 Yorsl

Maximum any surface 10.3 10.§ 1o 7 1.5 12:0
Maximum at ans mater g.12 0.07 9.08 e L 1
- LT .
5001 Gage \
Rear uﬁq<-no 16.7 1T.0 2.3 0.3 R
Rear at one m Q.14 0.1 0.06 0.9 0.t0
Front Surfacae 2.9 2.5 1.8 0.4 2.9
Front at one mater - Q.12 0.1 .08 0.0 a.10
Ballom Surface 9.7 a5 3r.4 s qq.0
Bottom at one meter Q.07 0.08 .08 0.5 0.56
Tep Surtacse 15.9 18,0 6.8 9.7 18.7
Tor &t one meter 0.23 .o0.06 0.0 o¢.0 0.08
Side Surtface 10,1 11.0 i 8.7 c.8 11.8
Side at ane meter ‘0. 17 0.2 0.07 0.0 - a.20
Qoerator Panal Surtface 3.8 . co14.r
Handle . 1T a8 o.50 0.3 1.3+
Handie at one meter Q.04 0.1t 6.04 0.0 o.t

1) Manufacturers Stated Dose Aates,
Gamma dose rates were measured 03/t4/87 uyeing a
Victoreen Modaei 47! lonozation Chamoer .,
Neutron dase rates wefe calcuiated 03714787 using tast
feutron dose con ersian tables from Titte toCFH20,

Dosimater mesaurements on the bottom surface indicated
25.5 mrem/ne

€2) NC Radiation Protectlion
Gamme dose rgtes were
Moae!l t4C Survey Metar,
Neutron Dose Aataes were Mmeasured 08/05/88 useng an

Ebertine Mogel PNA-4 Neutron Rem Counter with & 22.2 em

3theres on the gage surtace, centertine wags Spbrfoximatety
1t em from tne 3urface.

0.0 Incicates dose frates same
83 tacKgroung,

Sectian Maasurement Dose :-..h.
Mmeasurad 08/05/88 using & Ludium

HSt rr
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4.1 Backliit Comsection ta Tranchaes

It direct! transmission s Used, no precavtions iIn density
Afe necensary ather than being sure that the tip of the
Source rod is st teast SO mm (2 1nches) above ARy pipe which
may be burted In the trench. 10 bachscattor i3 used, the
PIPs musi be at least 150 mm (8§ inches) bdelow the turtface.

Morsture messurements require & special procedure. The
oftect of the sidewall is Avtomaticaliy determined and
Eompensated for (a the Processor versian, by a refiatively
Simple pracedurs which follawss { .

a. Place the reference standurd in the trench and the
gage on top of the retsrencs standard such thet the gage
ts in the same offentation and distance from the sidewait
&8 whan the density test wil| be performed.

.. Press und hoid the IHIFT Rey -:n.-.ic_..a-c=-.1 Press
the NORM MEASUREMENT key. (Any ot the MEABUREMENT keys
may be used, but NORM |y fecommended. ) HOTE "THAT »-y=
APPEARS IN THE LEFT PORTION OF THE OEPTH DISPLAY. THE
"~H" WILL APPEAR IN THE DISPLAY ANOD A NEGATIVE VALUE witL
REMAIN N THE MOISTURE COUNT REGISTER UNTIL THE MOISTURE
CORAECTION 18 USED FOR AN ACTUAL DENSITY TESY EVEN 1F THE
GAGE 18 JUANED QRfF BEFORE THE TEST IS PERFORMED. The gage
will count tar 1 minute, sudtract the MOISTURE COUNT from
the MOISTURE STANDARD COUNT, and store the result in the
MOISTURE COUNT register. when lhe pexy density test g
Performed, instead of Incrementing the MQISTURE COUNT fraom
0. the MOISTURE COuUNT will increment (rom the negative
value atored in the MOISTURE COUNT registor,

lmlllllllllllnllnlnlllllllllllr
THE TRENCH CORRECTI1ON OETERMINED IN THIS MANNER 13 vaL(D =
FOR ONLY ONE LOCATION N THE THENCH AND THEREFORE wiLt =

MOISTURE CORRECTiON PROCEDURE N &, ABOVE MUST BE =
PERFORMED AT EACH DENSITY TEST SITE IN THE TRENCH, THE =
MOI3TURE CORRECTION DOES HOT REMAIN 1IN THE MOISTURE COUNT=X

REGISTER UNTIL REMOVED BY THE QPERATOR A8 WITH SOME OTHER=x
MANUFACTIIRER S EQUIpPMENTS, - =

.....".'.-u‘...."'...'..I'I'.I.......-.'..'..I.Iill.."n'-'

€. The toet site 13 then prevared and the lest performed
is accordasnce wiih 3.5 througn 3.7 in the same focatson

And orirentation as the trench mossture determinalion was
made, .

When teats are performed using the Duai
MEASUREMENT COUNT 4 f8ken with gage placed on the reference
Alenaard as In =y« 80ove and the difterence baiween the
MOISTURE COUNT witn the gage an the reterance stanaarg in
the trench ana that day's ysuel standard count 3 Subtreacted
from tne MOISTURE MEASUREMENT COUNT &t the aensity test yite
1h the lrencn, A3 above, the trench corfrectian Ihoutd ve
determined for tach denstity test 31te withen the trtench .

Scaler version,

ONLY REMAIN N THE MO1STURE REGISTER FOR ONE TEST., THE =

4
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SECTION TITLE PAGE 1
GENERAL AND SPECIFICATIONS
5 ALTERNATE CALIBRATIONS 39 :
5.1 Measurement Systems 39 1.1 GENERAL
5.2 Calibrations Available 39
5.21 Altered Factory Calibration 10 This iInstrument, the 5001, Is specifically designed to
5.22 Fleid Recallibration 43 measure the moisture content and density of
5.23 Allered Fleld Calibration 47 construction materiais. This information can be used
5.24 Restoring the Factory Calibration 48 ' to manualily calculate other parameters which are
commonly used to control compaction during
6 PREVENTATIVE MAINTENANCE 49 construction. The microprocessor based version (P)
6.1 Storage Environment 49 automatically computes these parameters and aiso makes
6.2 Exterlor Cleaning 49 certain corrections to the measurements which would be
6.3 Stiding Shlelid Cavity 50 difflcult 1f{ not impossibie to make using a hand held
6.4 Performing a Wipe Test 50 calcutfator.
6.5 Statistical Stability Test 52
It uses the attenuation of gamma radiation due to
7 FIELD SERVICE 53 compton scattering and photoelectric absorption which
7.1 Mechanical o_onuuoaw_<\>uao3v_< 53 Ils directiy related to the electron denslity of
7.1 Bottom Plate and Shield 53 materials as an indication of the mass density of
T.12 Source Rod 53 specific materials having a chemlcal composition
7T.13 Indexer and Latch 53 approximating the crust of the earth. The standard
T.14 index Rod 54 faclory suppliied calibration s based on a material
7.15 Top Cover 54 consisting of 50% limestone and 50% granite as being
7T.16 Top Post and Seals 55 very close to the average material encountered In
1.17 Base Modute 56 engineering construction. This calibration may be
1.2 Battery Replacement §6 aftered by the owner to best fit other materials which
1.3 Seals and Wiper Replacement 56 may have a chemical composition vastly different from
7.4 Adjusting the index Latch 56 the supplied calibration.
7.5 Module Ad]Justment/Repiacement 57
1.51 Ouatl Scaler Module 57 The measurement of moisture content s based on the
7.52 Processor Module 57 thermatization (slowing down) of fast neutron radlation
7.53 Base Board Module 58 which is predominateiy a function of the hydrogen
T.54 Power Controller Module 58 content of the materials and to a lessor degree, by
71.58 High Voltage Module 59 other low atomic number elements such as carbon and
7.56 Density Amplifier Module 59 oxygen. The presence of chemical elements such as
1.87 Molsture Amplifler Module 60 boron which may absorb or capture thermal neutrons will
7.6 Detector Replacement 60 also have some effect on the accuracy. The largest
1.7 Parts List : 61 single error may be caused by hydrated minerals such as
7.8 Service Hints 63 gypsum or crystals such as mica. In general, a
1.9 Cellbration 64 material contalning hydrogen which Is not removed
*during an oven dry procedure as outlined in ASTM D2216
8 THEORY OF OPERATION 65 wlill cause an error In the measurement.
8.t Density Measurement by Gamma Radiation 65 . . :
8.2 Molsture Moeasurement by Neutron Radiation 69 The standard calibration is based on a waler saturated
8.3 Radiation Statistics 72 ’ silica sand standard which s used to callbrate a
: working standard. The calibration may be altered by
9 RADIATION SAFETY 75 the user to correct for other materials.
9.1 Licensing 15
9.2 Dosimetry 15 Xx%x THIS INSTRUMENT CONTAINS RADIOACTIVE MATER!IALS xxx
9.3 Leak Tests 15 XXX WHICH MAY BE HAZARDOUS IF IMPROPERLY USED. XXX
9.4 Transport 76
9.5 Disposal 76
9.6 Reporting of Loss or Incidents 16
9.7 Radiation Profite 17
10 WARRANTY 78
2 HS 1 HS1 3




HUMBOLDT recommends that users particlpate in a
radiation safety and applications training program
glven by competent Instructors. Where this Is not
possible or Impractical, users shouid study the
Radiatlon Safety Manual supplied with this instrument
and carefully read this Instruction Manual to becomes
feamitliar with the safe operation of the instrument.

The owner of this Instrument must have a RARadioactive or
By-product Material License Issued by an Agreement State
(US), or Federal Authorities such as the U35 Nuclear
Regulatory Commission.

Proper use of this equipment will have
the total exposure of a typical operator to lonizing
radiation; however, a potential danger does exist and
any questions regarding this danger should be addressed
to the Radiation Safety Officer within the owner ‘s
organization or other competent persons.

fittle eftect on

Any theft or other loss and accidents to the equipment
which may Involve the sealed sources of radioactive

material must be immediately reported to the Radiation
Safety Officer.

DEFINITIONS

“Precision" The statistical
measurements due
distribution of radioactive decay. The
value used Is the standard deviation of
ropetitive measuraments. Sixty eight
percent of repoetitive measurements willi
fallt within this timit and ninety five
percent will fall within twice this
Iimit. The value changes with density
and |s stated at a density of 2000
kg/m~3 (125 PCF).

variations of repetitive
to the binomiatl

The error is not a percentage of the
absofute density and cannot be converted
to precision errors at other densities.
It can be computed at other densities by
obtaining the absolute counl rate and

sfope of the count rate at other
densitles.

The precision Is a function of time and
varies as the squate root. increasing
the period of the measurement by a
factor of four will Improve the
preclislion by a factor of two.

1 HS1 i

HS 1

“Chemical Error" An error which |s caused by the

variations {n the chemical composition
of the material belng tested. Gamma
attenuation Is a function of the
electron denslty of materials and s
thus related to both the mass density
and the ratio (A/Z) of the atomlc mass
(A) and the atomic number (Z).

The standard calibration which 1Is
supplilied Is based on the average
attenuation of a theoretical material
consisting of half limestone and half
granite. The chemical error Is the
spread (+/~) of measurements made on
these materials at a true density of
2000 kg/m~3 (125 PCF).

The error I3 a percentage of the

absolute density and can easlly be

converted to errors at other densities.
"Surface Error" The error caused by surface volds.
1t Is composed of two errors which are
not easlly separated. The error Is
determined by first making a measurement
with the gage filush on a smooth surface
and then repeating the measurement with
the gage eltevated 1.25 mm (.050 inch)
over the surface. The difference in the

two values is defined as the "surface
arror®,

A portion of this error Is caused by
reducing the volume of measurement
contained within the material being
tested. 1In effect, a portlon of the
measured volume has zero density which

ls averaged with the density of the
material.

Part of this error
streaming along the base of the gage.
This lype of error Is only apparent
during the testing of the instrument in
accordance with the ASTM requlrements.
In actual fietd use, the streaming could
not take place since a portion of the
gage base will always be resting on the
material surface and the streaming will
be broken up. v

Is caused by gamma



As a result, even under extremely
adverse conditions, the error as
determined by the ASTM defined test
could never appear under fleld
conditions.

“Depth of Meamsurement"” The depth of moasurement is
defined as that depth above which 95% of
the measurement occurs. The balance of
the measurement (5%) | determined by
material below the stated depth. The
value indlicated by the gage Is the
welghted average of materials in the
upper and tower layers. This Is an
important parameter of a backscatter
type gage since & deeper depth of
measurement reduces the error caused by
loose surface materials or surface
voids.

“Units of Measurement® Where "density" and "moisture
content" are used In the St system of
measurement, the absolute units of
kilograms per cubic meter are utiilzed.
Conversions to the US Customary system
have been made using pounds per cubic
foot which Is a gravitational system of

B measuremont by multiplying by 06243,
Conversion to the Si gravitational
system may be made by muttipiying by
9.807 to obtaln kiloNewtons per cublc
meter. It §s common practice to refer
to these units in the gravitational
system as “unit welghts" and to these
units In the absolute system as
“"densitjies",

1.3 SPECIFICATIONS

1.3t MEASUREMENT (Density at 2000 kg/m~3 1125 petl)
(Molsture at t60 kg/m~3 ( 10 pect))

sLow NORM EASY UNITS
BACKSCATTER DENSITY
Preclsion 4 (0.25]) 8 (0.51 16 11.01 tkg/m~3 lpet)
Chemical Error < 40 (2.5) > tkg/m~3 Ipct}
Surface Error < 48 (3.0} e _ > -kg3/m~3 fpct]
Depth oo 88 [3.5) ______ mm (inchl

DIRECT TRANSMISSION DENSITY AT 150 mm_{6 inch}
Preclsion 2 [0.13) 4 10.25) 8 (0.50] tk(g/m~3 (pct)

Chemical Error < 16 1.0 thy/m~3 lpet)
Surface Error e 8 1O.5) . ~kg/m~3 (pct)

Depth €om— 50 to 300 (2 to 12] ___ mm (inch)

m s

Stow NORM FASY UNITS
MOt STURE
Precistion 2.5 [0.121 5 (.25) 10 (0.50]} tkg/m~3 (pctl}
Surface Error < 4 [.25) > -kg/m~3 [pct]
Depth o 100 to 200 (4 to B} ___»> mm (inch}

.32 CALIBRATION METHOD

The gages are calibrated Iin accordance with the method
required by ASTM D2922 and D3017. Five density standards
consisting of three metallic blocks of magnesium and
altuminum and two mineral blocks of granite and limestone.
The density of these standards has been determined to an
accuracy of better than ¢t0.1%. The working molsture
standard has been calibrated against ssturated silica sand
with an accuracy of bettlar than 10.6%.

Four entirely different calibrations are avallabte to the
engineers or technicians controlling the use of the gage but
they are not easily accessible to the operator. Two of
these are adjustments to the main catibrations to compensate
for materials widely different from normal soifs. No
additional equipment 1Is required for the adjustment other
than & sample of the material at a known density. No
additional equipment is required for an entirely new
callbration other than a suitabie set of standards.

Count rate data is converted to densities using USNBS gamma
attenuation coefficients and the known density of the
standards. Tabies of this data are supplied with the scaler

version of the gage and computerized data with the processor
version.

1.33 Field Data Conversion for Processor Version

Wat Density and % Compaction (Marahatt}
Dry Density " and % Compaction (Proctor)
Moisture Caontent and % Molsture

Vold Ratlo and % Alr Volds

1.34 RADIOLOGICAL

Gamma Source HS1 2200064
Amount and Type of Materiat 10 mCi (nom) cesium-137
Speclial Form Registration G8/24/8
ANSI| and 1SO Class C64441

Neutron Source HSI 2200067

Amount and Type of Material 40 mCi (nom) americlum-241:be
Neutron Yield 90 knps (nom)

Speclal Form Registration GB/1/8
ANS] and 1SO Class E65455
Surface Dose Hate t4 mrem/hour maximum
Transit Case BOT TA, Type A, Yellow 11}
tahal. n t 711



A Radloaclilve or By-product Material Licenss i3 required
State or The US Nuciear Reguiatory

in the Unlted States.
ts required by the governments of other

“rom an Agreement
Commission for

ficense

1.35

1.36

possesstion

Eltectrical

A simitar
countries,

Specificatlions

Oisplays (two) Leco
Timer Stability 0.01%
Power Suppily Stabliity 0.10%
Power Source : Six alkaiine D size batterties
Power Consumption .
Dua! Scafer 16 miltiwatts i
6000 Operating Hours W
Processor
Non-active 15 mifttiwatts :
Active 90 milliwatts )
4000 Operating Hours
Power Protection

Clrcult Breaker

Short Clrcuit Proof

Ayto Alarm for
Auto Shutoff

Mechanicat

Materials
Source/Index Rod

induction hent

Gage Base

hard coated and

Post and Frames
anodized for

Top Shelt

Bearing

Screws/fittings
Operating Temperature

175 °C Test Material

Storage Temperature
Humidlity

Vibration
Shock

Gage

Size(exciuding handie)

Helght(with handle)
Weight

Reference Standard
Stze
Welght

Transit Case
Size
Weight

low battery condition
for

dead battery condition

Speclifications

440C Stalinless Steel,
treated to 55 Rockwell C
Machined 6061 T6 Afuminum,
tefion Impregnated.
Machined 6061 T6 Aluminum,
anticorrosion.
Injection Molded Nory!
Relleved bronze with
nsoprene seais.
Stalintess/brass, no stesl..

-10 to 70 °C
Surface

-55 to 85 °C
98% without condensation
Ralinproof Construction
2.5 mm (0.1 In) at 12.5 Hz i
Unpadded gage meets USDOT !
TA without transit case.

400 X 220 X 140 mm
450 or 550 mm
i8 kg '

350 X 200 X 75 mm
4.5 kg

6356 X 500 X 320 mm
15.5 kg

HS | HS

Accessory Case(loaded)
Slze
Weight
Total Shipping Welght
1.37 Accessorles
Transit Case
Roference Standard
Operator's Manual
Radiation Safety Manual
Source and Case Cortification
Wipe Test Materiatls

600 X 250 X
T.5 kg
45.5 kg (100 1b)

125 mm

Zippered Accessory Case

Rod Guide/Scraper Plate
Dril! Rod
Four Pound Hammer

Rod Extraction Tool
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2
EQUIPMENT DESCRIPTION

Before using this equipment, the operator should be
thoroughty tamlilar with the Radlatlion Safety Manual supplied
with the tnstrument. If posaible, a sultable course in the
safe use and f(iold appitcation shouid be attended.

Users who deslre knowtedge regarding the theory of operation
of the equipment shoutd refer to the Appendix. This
information will be helpful in understanding the

tim{tations of the equipment and how to avold or work around
thess limitations.

2.1 Equipment Supplied

Transit Case Contalining Accessory Case Contalning
Gage Rod Guide/Scraper Plate
Relereances Standard Driti Rod
Operator’'s Manual Four Pound Hammer

Radiation Safety Manuat Rod Extractlon Tool

Both the gage and the transit case are supplied with locks
and they should be secured when the lnstrument is not in use
or attended.

When stored, the equipment should be placed In a tocked room
or area which (s dry and maintalned at a Jivable
temperature. Storage below ~20 °C should be avoided and
temperatures above 30 °C for extendead perfods of time wiit

deplets the batteries at a rapid rate and shorten their
useful (ffe.

2.2 Accessory Case.

The accossories are contained in a zlppered canvas case
which has compartments to store the varfous saccessorfes
Iinciuding a spare drill rod tf desired. It }s convenient to
carry and decreases the bulk and weight of the transit case
which contains the Gage, Reference Standard and Manuals.

2.21 Scraper Plate/Rod Guide. When the gage Is to
be used on soll, the Scraper Plate s used to
smooth the site to eliminate surface voids as
much as possibie. Two conveniant handles are
located so that it may be used to scrapes away
foose materiatl.

The two handies are also used ms a guide when
driving the rod into soll or soll-aggregates for
a direct transmission density measurement. The
operator or a hefper can stand on the piats to
prevent It from shifting while the rod 1|
hammevred.

HS ¢ LR



2.22

The plate is the same size as the gage base and 2.3 Transit Case.

It a line Is marked around il when lhe rod |s

driven into soll, the gage can be approximately The transit case 13 a vinyl coated high strength piywood
lfocated over the rod hole before atlempting to case with aluminum edging and stee! corners and is equipped
fower the gage source rod Into the hole. with a lockable fatch. The design and components foflow

The plate may be used to fightty tamp sotl or
natlve fines which may have been used to (111 the
surface volds but must not be used with the
hammer to pack soll since tt witl damage the
plate and also cause erroneous measurements.

for alr

along with
manuals.

Octlt Rod. The driil rod Is a medium hardness
tough steei and has a captive head to altow it to
be driven Into soil or soii-aggregatles so that
the source can be piaced into the material for a
direct transmisslion density measurement. The rod
I's marked so that the depth can be controlled by
reference to the top of the scraper piate handie.
1t should aiways be driven at least 50 mm (2
Inches) deeper than the source will be placed.

the dual
Compaction

2.31

Use of the rod in stitf{ clays may require the
application of the extraction tool for removal,
1t must not be driven or moved sideways as this

will enlarge the hole or modify the density of
the material being tested.

The rod is expendable and must be replaced after
extensive or severe use. Repeated hammering of
the cap may cause metal chips to break away and
safely glasses must be worn by the opsrator and
others close by the test site.

Four Pound Hammer . The hammer
drive the rod into soils or
is sufficientliy heavy for
farger one is not needed and could rapidly damage
the drill rod. It may also be used with the

extraction tool to help remove the rod from clay.

Is supplied to
soll-aggregates. 1t
this purpose and a

Extraction Tool. This tool is used to assist

the removal of the drill rod It it becomes stuck
In clay or granutar material. The usual problem
Is a vacuum which can exist in the hole when

attempting to puil the rod out.

It does not have to be put Into place before
driving the rod. A slot in the middte s placed
on & square which is cut in the drill rod head.

The arms may then be used to rotate the rod and

will make It esasier to extract by supplying
handles to pull up on the rod. It necessary, the
hammer may be lightly tapped on the underside of
the tool to drive the rod up out of the hole.
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the standard ATA case configuration which is
shipment of delicate
padded compartmenta for

It has been
fabels which meet both US and
surface and alr

The case contalns
scaler (S) or processor

in popular use
Instruments. 1t has (itted and
the gage and Reference Standard

a storage area for engineering notebooks and

tested to US DOT 7A Type A requirements and has
fnternational requirements for
cargo shipment.

the Reference Standard along with elther
(P) verslons of the 5001
Control Gage.

Reforence Standard. The Reference Standard s
used to provide a standard count to eliminate
aging of the calibration. Instruments which use
radifation to perform measurements ars subject to
drift due to decay of the source (2% per year for
Cs-137), drift of the detectors due to leakage
and absorption of the quench gas, and long term
drift of the electronics. In order to decrease
the effect of these errors, the callbration s
made as a ratio to a standard measurement. The
moisture count Is ratjoed to a count on the
standard and the density count is ratioed to a
count established by the Gage case.

The Reference Standard |s seriastized to match the
gage and they must not be Interchanged between
gages or moisture measurement srrors may exist.

Dual Scaler Gage, 5001 S. The scaler version
of the 5001 type gage consists of dua! counters,
dual LCD displays and the necessary timing

clrcuits to generate a SLOW (four minutes), NORM
(one minute) and FAST (quarter minute)
measurement periods. An additional key is
provided to remove power from the Iinstrument.
Each of the MEASUREMENT keys will apply power to
the gage (f It Is not already on when the key is
pressed.

A facsimile of the control panet
14 indicating the positlions of the displays and

keys. The keys are grouped across the bottom for
easy access and the displays labeted for clarity.

Is shown on page

The
and

tettering is embedded In the plastic overlay
Is not harmed by water or abrasion.
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The keys are embossed and have tactile feedback
to improve the feel of sctuating the function.
The button s not a part of the electrical

clrcuit 3o there Is no danger of a fingernal! or
penctl depression causing an {(mmediate fallure.
The entire panel s waterproof; howaver any

puncture at the key area will allow water to
ultimately penetrate the pane! and cause a key
fallure. There Is a protective layer under the
main layer and this type of (aliure would be very
rare.

The upper displtay indicates the count from the
moisture channel and the lower display is for the
density channel. The colons are displtayed during
the counting period as sefected by the
MEASUREMENT keys. Both of the LO BAT symbols are
displayed when the system batteries are getting
within one to two months of depletion.

Processor Gage, 5001 p. Many features of the
Processor Gage are similar to the Dual Scatler.
The front panel, tabeiing and keys are

manufactured In the same fashlion and have the
same protection. Many different functions are
available to eliminate the necessity of tables
and another calculator to compute the parameters
necessary for compaction control.

The processor automatically compensates for the
abnormal! gamma attenuation coefficlent for
hydrogen as compared to the values of higher
atomlic numbered moterials found In sofls. 1t
also allows the operator to enler a correction
factor (K) to compensate for hydrogen found iIn
construction materials which Is not repressnted
by water.

The processor has direct access to count ratle
data which is not truncated by the prescale as
found in the scaler type gage. This eliminates
some errors at high denstties In the backscatter
and some of the deeper direct transmisslion modes.
The human errors Involved in recording data,
entering It into other calculators and computing
the results are siiminated.

A facsimilte of the Processor Gage control panel
Is shown on page 16. Since there are many
functlions available, a description of the purpose
for each key is necessary. There are no rotary
or other mechanical switches which eliminates the
poor reliability found in these devices.
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The keys are color coded on the actual panel. To
& degree, this Is Indicated on page 16 by the
location of the key label. All functions labeled
on the upper half{ of the key pad have a 1light
bfue background. The keys with double functions
also have a light blue background on the upper
hatf. This indicates that these functions are
obtained by first pressing and holding the
"SHIFT” (also iight biue) key whitle pressing the
deslired key.

“DEPTH" display. This display primarily i{ndicates the
depth to which the measurement s being made and
also serves as a system status indfcator.

The depth Indication wili be In Si or Inches as
desired by the user. 1f a backscatter
measurement |3 selected, the display wilt be

" b ", and for aill others wifii be the actuatl
depth.

tf a low battery condition exists, the display
will indicate “LO BAT" (n the upper left corner.
The batteries wil{ have to be roplaced within the
next one to two months.

It the system |s making a measurement or
counting, this displtay wiltl have a “C:" on the
left. As an example “C: 10” indicates that the
system |s counting and that the data to be used
for processing will be the 10 Inch calibration.
The depth s set by the operator by using the
"UP/DOWN" keys, it Is not controlled by the

depth to which the source rod Is positioned.

The displayed deplth setting Is not sigilficant
while the measurement count Is being made, only
when the processor s being used to compute

data. 11 It Is not correct whilte processing, an
error will exfist in the computed data,

This display wili also indicate an error
condition If the operator has created a situation
which cannot be corrected by the processor. This
will be "H: XX" where the XX refers to an error
number .

White & “STAT"™ test Is beling performed, the
display will indicate "S:*.

“DATA" Display. This display wil} automaticaliy contain
the density count while a measurement is beling
made unless the operator aelects another functlon
such as displaying one of the other counts such
as :Om:. :gO:. ot :gw:.

HS | 17



At the end of the test, an R value for each of
the channels is computed. These may be read by
pressing:

“psy DENSITY average count

“pCcw DENSITY R value

“MC MOISTURE R value

“MS*" MOISTURE average count

{1 the R values fall within 0.6 and 1.4 the gage
ts stabte. {f the values are outside of 0.5 and
1.5 the gage requires service. Values between
0.5 and 0.6 or 1.5 and 1.6 indlcate that another
STAT test should be made to verify the results.

A second result outside of these limits Indicates
the need ftor service.

Repeatedly pressing the "RAD §* key witl attow the
operator to scan through the 16 one minute counts

which were taken for the MOISTURE and DENSITY
channetls.

Pressing any one of the "MEASUREMENTY keys
C"SLOW™, “NORM", or "FAST") will exlt the “STAT®
routine and remove the “§:* flag from the “DEPTH"
display. All other keys ares Inacltive and the
processor will lgnore them.

"SLOW/NORM/FAST" MEASUREMENT Keys. These keys initlate a
measurement after the gags has been placed on the
desired location and the source rod fowered to
the correct position. The psriods of measurement
are 4.0, 1.0, and .25 minutes respectively.

These periods wore chosen for a statistical
difference of a factor of 2 to 1. The longer

time perlod Improves the precision by the square
root of the time increase.

When any one of the keys are pressed, a "“C:“
appears in the “DEPTH" display. This flag
disappears when the count is complete and the
data 18 stored by the processor for later use.

White a MEASUREMENT is being made, the DENSITY
COUNT, will automatically be displayed in the

DATA dlisplay. Pressing “MC* wit display the
MOISTURE COUNT or the “DS" and “MS" keys will

dispiay the respective STANDARD COUNTS.
"DS/DC/MC/MS" Keys. These keys display the DENSITY

STANDARD, DENSITY COUNT, MOISTURE COUNT or
MOISTURE STANDARD counts In the DATA display.

20 HS1

"WD/DD/M/%
"% PR" Key.
"% MA" Key.
HS |

During perlods when no standards or measurements
are being made, the results of the tast previous
counts will be dlisplayed. During a STANDARO
COUNT perlod, the processor automatically puts
the density channel In the display but pressing
"MS" will atlow display of the molsturs channel.
Both vatues will be Incrementing.

Elther the "OC" or "MC" keys may be pressed
during the STANDARD COUNT period but the values
disptayed will be the standard counts and not the
last measurement counts. The processor fs piacing
the standard counts in both the standard count
and molsture count reglsters.

During a MEASUREMENT COUNT perlod, the processor
sutomatically puts the DENSITY COUNT in the DATA
display. Pressing the "MC" key will display the
MO!STURE COUNT. Both values wifti be changing.

Elther the "DS" or "MS" keys may be pressed
during the MEASUREMENT COUNT period. The data
wili be fixed values of the last previous
STANDARD COUNTS taken.

M" Keys. These keys are used to compule the WET
DENSITY, DRY DENSITY, MOISTURE CONTENT and
PERCENT MOISTURE. The result will be In units

of kitograms/m~3 or pcif depending on the
measurement system selected.

The molsture measurement values may be corrected
by using the “K" function. This wlll change the
“pD"*, “M", and “% M" resutlts.

This key Is used to compute the percent
compaction based on a Proctor density which has
been determined by a laboratory test. The
calcufation invoives the DRY DENSITY as a
percentage of the optimum density.

The optimum density must have been previously
entered by using the "RD D/SET" keys afong with
the numeric keys.

This key Is used to compute the psrcent
compaction based on a MARSHALL or other
laboratory test to determine the maximum density
of an asphaltic concrefe mix design. The
calculation invoives the WET DENSITY a3 a
percentage of the maximum or optimum density.

21



It also Indicates the result of all computed

functlions or data entry as selected by the STANDARD with the base seated in Lhe recess on
operator. The decimal location witll always be the top of the standard. The source rod end of
controiled by the processor to indicate four the gage should be over the handle end of lhe

signiflicant figures where refevant. standard and the end of the gage firmly pressed

The gage must be positioned on the ‘-REFERENCE

against the top of the handie which serves as
“ON/OFF* Power Keys. The use of these two keys is evidant a stop. The source rod handle must be in the SAFE
by their fabats. When the system i3 first (top) position and the indexer latched.
powered up by pressing ths “ON" key atl of the
system (s powered. initially, the processor has When power s first appited to the gage, the
no Instructions but it does “remember™ all data "STD" counts from the prior use are stitl
from the last time It was used. |t puts the fast retained {n memory. These counts should be
depth used into the “DEPTH" display, zeros into teplaced each working day. If the gage is
the data dispiay and then the processor shuts swilched off during a working day, elther
down to await some instruction. Intentionally or accidentatliy, It s not
necessary to take a new set.
Pressing the “OFF" key shutls the entire system
down except for a very small amount of power The "STD" count can afso be taken and stored with
required to monitor the power keys. 8 more accurate result by using the "STAT" key.
This uses a 16 minute average and reduces the
"TEST" Key. The test key checks the operatfon of the error by a factor of two. It also performs olher
processor and displays. Pressing 1t at any time tests on the system.
wiil display all segments of

the displays for

about 1 to 2 seconds with the exceptlion of the

The vatues of the MOISTURE and DENSITY STANDARD

"LOW BAT" symbol which Is displayed only during a COUNTS should be recorded in = fog book to

tow battery condition. At the end of the period, provide a history over long periods of time In

the "DEPTH" display will be blank and the “DATA" order to determine the need for service. As

display wifl iIndicate the gage serlal! number. covered carlier, these counts wiilt change slowly

Pressing any other key will restore operation of with time, but, il there is & sudden or rapid

the displays. change In a few days or weeks, it {s an

Indicatlion of a malfunction in the system or an

“UP/DOWN" Keys. These keys control the "DEPTH" display operator ercror In tuaning the procedure.

and select the correct sats of catibration data

which the processor will use to compute the As a rufe, It a STANDARD COUNT has changed by

desired measurements. Each press of the "UP" or more than the aquare root of the average of the

“DOWN" key will advance the display in the tast four STANDARD COUNTS, there is a possibie

selecled direction to the next callbrated

matfunction.
position. It will displtay In elither mm or inch

dimensions depending on which units are

in use. "STAT/SHIFT" Key. This key and the “SH{FT" key Inltiatle a
It willt not indlcate uncalibrated positions. statistical test of the moisture and density
channefs as described Iin 6.5 and 8.3. it also
As an example, if Llhe Instrument was purchased

provides 16 minute average STANDARD COUNTS as
with 50 mm (2 inch) Increments, the "UP/DOWN™ covered under the "STD" key. The gage must be
keys witl not select the 25 mm (1 ingh) placed on the REFERENCE STANDARD and the source
tncrements. They will skip over them and will rod handle latched in the SAFE position.
aliso wrap around the upper and lower limits of

the calibrated depths. When the test is initiated, “S:" will appsar In

the "ODEPTH" display and remain there untii the
procedure |s exited by pressing one of the
MEASUREMENT keys.

"STD/SHIFT" Key. This key and the SHIFT key forces the
Processor to take a SLOW (4 minute) count in both
the mol sture and density channels and retaln the

values so that they can be used to ratio ati ot
the subsequent MEASUREMENT counts.

HS | HS 1 ta



“VR" Key.

"% AVY Key.

"0 to 9/-/_/SHIFT" Keys.

The maximum or optimum density must have been
previousfy entered by using the "RpD D/SET" keys
along with the numeric keys .

This key is used to compute the VOID RATIO
based on the measured dry density and the
specliflic gravity of the solids, The specitfic
gravity is determined by a soparale taboratory

test on the material and no rock correction Is
eppiied.

The specific gravity must have been previously
entéred by using the “RD S/SET" keys along with
the numeric keys.

This key Is used to compute the PERCENY AIR
VOIDS of the material and iIs based on ihe DRY
DENSITY, MOISTURE CONTENT and the specific
gravity of the solids. The specific gravity Is
deltermined by a separate laboratory test on the
material and no rock correction Is appiied.

The specitlic gravity must have been previously
entered by using the “RmpD S/SET" keys afong with
the numeric keys.

The numeric keys ace focated on
the top half of the top 12 keys in the key
matrix. It Is necessary to press and hold the
“SHIFT" key to make use of them.

These keys are used whenever the "SET" keys are
used slong witlh the "“RD D*, “RD K", or "AD 8"
keys. Whensver any of the fatter keys are
pressed the previousiy stored value of the
vartable (s put into the display. Pressing the

"SEY" key for the varlabfle read will replace the

‘vatue into memory. If the wrong "SET" key Is
pressed, the processor wiltl fgnore the
Instruction. Pressing any other function key
wiltl abort the “RD "X"" function.

Pressing any one of the numeric, sign, or decimsal
keys will blank the display and the key pressed

will be entered Into the most slgalficant
position. As additional keys are pressed, the
values will be entered across the display f{rom
feft to right.
tn Its proper position Ia the sequence.
{~) key may be pressed at any time during the
entry routine. {{ more keys areo pressed than
hecessary to t{ll the dlsplay, the display wilt
be cleared and the entry must be repeated.
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The decimal (.) must{ be entered
The sign

“RD D*

“AD K»

Hot

and

and

After the entry 1Is complete, pressing “SET/SHIFT"
for the particular varfable will place the value
Into memory.

YSET/SHIFT" Keys. These are used to read and set
D. As previousty covered, this is the optimum or
max imum density of the material being tested.

The value s used to compute percent compaction
from either the WEY or DRY DENS!ITY depending on
whether the “% PRY or “% MA" keys are used.

The “RD D" key wiid display the value presentiy
in memory and "SET" will store the valuse
displayed into memory. HRefer to the numerlc key

description to obtain the procedure for changling
the vatue.

"SET/SHIFT" Keys. These keys are used to read
and set K. As previously covered, this Is the
correction factor which is used to compensate

the MOISTURE measurement for hydrogen (n the
material which Is not In the form of free watar
or for materiats which may have chemical elements
which absorb therma! neutrone. The value

entered will affect the computed vatues of
MOISTURE CONTENT, DRY DENSITY, and PERCENT
MOISTURE.

There are three methods of determining the
proper vaiue of K to be used:

CA) If tesls can be run In Lhe fleld with K
sel on zero and sampies of the material
taken from under the gage, laboratory
oven dry can be used to compute the
correct vatue of K. The average of four
or more samples |s advisable In order to
decrease statistical errors In the gage
and oven dry errors due to mishand!lling
of the material.

The equation Is:

K = —SMCovan)-%M(gaga)

%M(gage)+100

(B) If laboratory faciiities are not
avaliable, the tests can be run using
other methods of determining percent
molslure. The same oquatlion may be used
or the value of K can be determined by
systematically changing the stored value
of K untll the correct PERCENT MOISTURE
is computed by the gage while retaining
the same measurement data I[n memory.
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Cc) If no other method is avaliable to
verify the gage moisture callbration,
the PERCENT AIR VOIDS may be utiflzed to

determine If major errors exist.

Well compacted solts should have a
PERCENT AIR VOIDS between 2.0% and 5.0%
depending on gradation. If a result

of the void content Is negative, It |s
evident that the gage I8 measuring an
excessive amount of water and a more
negative value of K should be used.

Changing the value of K by £0.001 will cause an
approximate $0.1 percent change In the computed
PERCENT MOISTURE, 11 absolutely nothling is known

aboul the material, set K to 0.000.
Typical values of K will range belween -0.000 and
-0.100. Other materlials with a very high

hydrogen content such as the hydrocarbon present
in coal could cause the propsr vafue to be us
high as ~1.000. Very few materials will require
a positive vatue excopt for soiis containing
large amounts of boron.

The values of K which have been determined for a
particular soll type should be recorded along
with an Identiflcation of the soil so that It may

be used in the future when similar materials are
encountered.

The "“RD K" key will display the value presently
In memory and "SET" wiill store the valuse
displiayed Into memory. HRefer to fhe numeric key

description to obtain the procedure for changing
the vatue. . ;

"SET/SHIFT" Keys. These keys are used to read
and set the specific gravity of the sollds

contained In the materfais being measured.

procedure for thelr use is the sams as that
described (or the other read and set keys and the
operation of the numeric hoys.

The

The specific gravity must have beun obtained from
standard laboratory procedures such as the
hydrometer test or volumetric bottles. The value
witl be In the range of 2.600 and 2.800.

The value stored in memory will bs used to
compute the VOID RATIO and PERCENT AIR VOIDS,
these resuits are not beling used, the vatue |s
not required to be placed in the processor.

i
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Indexing Mechanl!sm. A reflable indexing
mechanism Is requlired in instruments of this type
since the repeatability of measurements in the
flefd and duplication of the calibration Is
seriously affected by the trelationship between
the radiocactive material and the detsctors. The
5001 accomplishes this by using a simple latch
which positively positions the rod and Is not
subject to damage by continua!l use.

When unattended or not in use, a padlock Is
placed through a hole in the handle. This
prevents accidental or unauthorized use of the
gage. Remove the padlock. The latch Is eangaged
and the rod cannot be moved. This is the “safe"

position which Is normalty used whife making
MOISTURE and DENSITY STANDARD COUNTS. This also
keeps the gamma emitting radioactive material

Inside of the heavy shield in the gage base and
limits operator exposure.

The LATCH Is the black knuried knob on the end of
the handle. Rotate the knob 1/4 turn counter-
clockwise and the LATCH will releass. The rod
can now be moved down or up with fittie
resistance and the 1ight spring pressure on the
Indexer wiil ntlow the operator to hear and tee!
the notches in the i{ndex rod.

When the approximate destred position |s reached,
rotating the knob 1/4 turn clockwise wi)} engage
the LATCH and force the indexer Into the rod
notch and result in very accurate positioning.

The gage should not be picked up with the LATCH
engaged in any notch other than the “"safe"
position as this witl unnecessarily sxpose
operator to gamma radiation.

the

When the gage 1Is (eft unattended the handie
should be latched in the safe position and the
"padlock secured through the hole in the handle.

25
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3
FIELD OPERATION

This chapter will describe the proper use of the equipment
during the process of making fleld measurements on soils,
soll aggregates. treated bases, or amsphaltic concrete. It

Is assumed that the user has read the previous chapter and
understands the functions of the various keys.

The operator should have had tralning in radiation safety or
thoroughly read the RADIATION SAFETY MANUAL supplied with
this instrument and understand the basic princlples of
minimizing his exposure.

The operation will be detailed for the processor verslon of
the gage. ©No computational functions are.avaliable {for the
dual scaler version. After making STANDARD COUNTS and
MEASUREMENT COUNTS, the values are ratioed and the result ts
used with the calibration tables to obtain WET DENSITY and
MOISTURE CONTENT In units fisted in the tables. These
values can then be used to calculate the DRY DENSITY and
PERCENT MOISTURE using standard clvil engineering
definitions. From these, any of the other functlions may be

calculated If the optimum density and spocific gravity are
known.

3.1 Transportation of the Equlipment

The Gage and Reference Standard shouid be transported In |{ts
Transit Case which I3 designed for this purpose. The gage
tock and the case tock should be In place and secured. in
the event of an acclident to the vehicle, the locks will
prevent unauthorized access to the radioactive matertal and
the case will help protect the equipment from damage. The
Accessory Case wil( prevent foss of (ts Items and (f an
automobile i3 used, It will protect the trunk space.

tf transport is made by automobite, the Transit Case and
Gage should be piaced in the trunk to keep il as far away
from passengers as possible. Van l(ocation shouid be toward
the rear and the case secured to prevent shifting. In open
trucks, means must be taken lo prevent unauthorized roemoval.

3.2 Standardization of the Gage

Prior to use of the gage, a set of STANDARD COUNTS must be
taken and used for afl of the measurements to be made on a
particular day. These counts should be logged for

verification of proper opsration and provide a history for
service if required.
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Before taking the STANDARD COUNT, tha Gage should have bhoen

powsred op for Yen or wicre minutes. This can be easi iy
accompilshed by turning It on prior to leaving for the .
construction site. The batiéries will last lfor 6000 hoilr
dn this condition so this hablit will have llittle effect on

battery replacement. f{ the LO BAT flag Is displayed, a
note should be made to replace the batieries at the next
oppottunity.

I{ the Gage has not been on for more than ten minutes,
always dlscard the first set of counts.

Remove the Gage lock and make certain that the handle

fatched in the "SAFE"™ position. 1t must be In the top
position of the index rod with the Vatch turned fulty

clockwise to Immoblitze the handle.

is

Place the Reference M.n:anﬂa on compacted matarial with the
recessed side up and the handte away from the operator.
Place {he gage on the standard with ttsy base Tirmly tn the
recess and the 3source end of the gage at the handie end of
the standard. The Gage bass must be (lemly pushed agalnst
the standard handie which acts as a stop or index:

1 the Gage Is & dual scaler version simply press

key and afler four minutes., record the DENSTTY drd #O{STURE
STANDARD COUNTS.

if a processor model is used, press "SHIFT" and "STD" or
press "SHIFT" and "STAT" depending on which functilon |s
desired. The manufaclurer recommends using "STAT" even
though 16 minutes are required instead of four. The STAT

trouline provides mcre accurate STANDARD COUNTS and checks
the stabliity of the Gage.

It *"STD" Is used, the “DEPTH" display wiil indicate "C:v
while the count Is beling made and after It is ctomplete the
"C:" will be erased and the data will be stored by the
processor for later use. The values may be placed In the
“OATA" dlsplay by pressing “DS" and "MS“.

I "STAT" s used, the “DEPTH" dispiay will (ndlicate "§:¥
and the “DATA" display will indicale " 1{6". The latter
value wili decrement as lime paases and indicates Lhe t ime
left before complellion. After completion Lhe DENSITY R
value will be dispiayed In "DATA". Pressing “DS" and "Ms*
will display the two standard counts. Pressing “DC" and
"MC" will display the R values which should be between 0.6
and t. 4. If the values are outside thase limitas, the test
should be rerun and If the second test fafls, return the
Gage for service. -
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After the test is compleie and white "S:" |s in the "“"DEPTH"
display, the Individua! one minute counts may be obtained by
repeatedly pressling "RD S“.

All of the other keys with the exception of the MEASUREMENT
keys are lnactive. Pressling any one of “SLOW", “NORM" .o,
“FAST" witt exit the STAT routine, and removs lhe "S:" Yrom
the “DEPYH" display.

Reptace the REFERENCE STANDARD in the TRANSIT CASE as i1t
will no longer be needed. Switching off the Gage will not

qopc_qm that the process be repeated as the data Is retained
In memory.

3.3 Entry of Pre Test Data

White not required to make simple molsture and density
measurements, certain parameters of the material must be

entered {o utitize the ful!l polential of the 5001 processor
Gage.

3.31 Optimum or Maximum Density. For any typse of
materlatl, anp optimum or maximum density 1s
required In order to calculate the percent

compaction. For soils, this i normally a
laboratory Proctor density. For asphaltic
matertals, the Marshall or a maximum density is
used., :

The degree of compacltion based on a percentage of
a Proctor Is a function of the measured dry

. density and i3 obtained by pressing "% PA". For
asphaltlic materiala, it is a funcltion of the wet

or total density and is obtained by pressing "%
MA"

Press "RD D" to display the current value of the
optimum densily retained in memory. it it Is not
correct, enter the proper value by using the
numeric keys as described in Chapler 2. Press
“SHIFT" and “SET* (over “RD D") to store the new
value. Preasing these keys without changing the
vatue simply slores the old vatue,

3.32 Molsture Correction Factor (K). Molsture
measurements using neutron thermalization has a
blas based on hydrogen not contalined in water and
thermal neutron sabsorbers. A correctlion for this
efror may be utl{ilized as covered in Chapter 2.
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1{ the factor is not known It may be determined
by the procedures Indlicated in Chapter 2. It no
correction Is to be used, the value (s 0.000. To
determine the value presently In the processor,
press “RD K",

To set a new value, use the numerie keys and then
press "SHIFT" and “SET" (over "RD K").

3.33 Specific Gravity. The specitic gravity of the
measured material solids Is required in order to
compule the VOIDS RATIO or PERCENT AR VOIDS.
This value Is determined by standard faboratory
tests.

Press “RD 8" to dlsplay the vatue currently
stored in memory. It this Is nol the corract
vatue It may be changed by using the numeric keys
and replaced by using "SHIFT" and "SET" (over "RD
5n).

tf the correct value Is not known, an average
vafue of 2.700 (or other estimated value) may be
used, realizing thel computled values Involving
volds witt be In error.

3.4 Site Seteclion

{n general, atl measurements shouid be made as soon as
possible after the site has been compacted. This 1s
particularly true for flils and embankments since
evaporation may dry out the surface material and Jlower the
average moisture measuremenis. Any railn prior (o the
measurement may increase these vaiues unless sufficient time
has elapsed to altow surface drying. These conditions may
be alleviated by removing surface materjals to a depth
necessary to elliminate non homogeneous materials.

For asphaltic concrele emplacements, the testing should
{deally be made while the material Is belng compacted so
theal additiona! rolling can be accompliished before the
material cools below acceplable compaction temperatures.

The selectlion of a site to be measured (s teft to the
judgemont of the operalor or may be defined by prescribed
procedures or speciflcations. A random sampling method Is

recommended. An opllionally selected site should not be
chosen on obvious conditions which may either reject or pass
the results. tt should be representative of the total arsa

to be tested.
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3.5 Site Preparation

Any site to be measured shoutd be clear of ati loose debris
before atlempting to seal the gage. After removing the
loose material from solls, the ares shoulid be leveled using
the Scraper Plate to provide a flat surface. Any large
surf{ace vold areas should be filled with native fines even
though direct transmission measurements will be made.

11 hard surfaced areas are involved which makae the direct
transmission method impractical or impossible then a
backscatter measuremeant wilj have to be made and the surface
voids must be carefully lteveled with a mineral ({ller and

lightly compacted with the Scraper Plate o minimlze surface
erTrors .,

The Screper Plate is used a3 a guide for the Drili Rod to
faclilitate making & vertical hole. Place the Scraper Plate
over the desired site and while holding {t in place with one
foot, drive the rod to a depth at feast 50 mm (2 Inches)
deeper than lhe measurement depth. The Dritl Rod Is marked
In 50 mm (2 inch) increments to aid in Judgiag the depth.
Safely glasses must be worn to prevent eye damage while
striking the vrod with the hammer .

If the rod cannot be easily removed from the hote, place the
Extraction Tool around the rod and engages the (lat surfaces
at the bottom of the head. Using the tool, rotate and putl
on the rod to remove it. 11 the rod s stiijl ditticuit to

remove, lightiy tap on the bottom surface of the Extraction
Tool and drive it vertically out of the hole.

i1 a tight mark s drawn around the Scraper Plate while it
Is placed over the hole, It will be easier o tocate the

Gage such that the source rod will extend into the hole
without difficutty.

3.6 Positioning the Gage

Carefully place ihe Gage avetr the prepared site. it
backscatter Is used, seat the Gage to make §t as flush to
the surface as possible. ({ a tine waa scribed around the
slte for direct transmission then the base should be

centered over the site to ease Iinsertion of

the uocqno.hoa
tnto the hole.

Release the LATCH by rotating the knob counterctockwise and
push the handle down unti| the approximate correct position
I's obtained, the first notch for backscalter or the correct
predetermined depth for direct transmission. One cean count
the notches by feeling or hearing the "ciick" as Lhe INDEXER
passes by the notches. At the correct depth, rotate the
LAYCH firmiy clockwlise to accurately position the source.

HS 31



{1 direct transmisslon Is belng used, pull the Gage toward
the control panel end to force the source rod against the
side of the prepared hoie. This is Important since a vold
could exiat between the rod tip and the side cf the hotle.

3.7 Taking the Measurement Count

The measurement can be taken by simply pressing one of the
MEASUREMENT keys. Most measurements will be made by using
the “NORM" key which takes an exact one minute count but the
elapsed time may be slightly tonger due to processor
overhead. It ts dolng some other operations while
monitoring the actual counting.

It may be desirable to use the “FAST" or 1/4 minute key 1
it Is necessary to make a quick measurement to avoid
conflict with compaction equipment. The measurement
precislon will be degraded by a factor of two.

Use of the "SLOW" (ouf minute key will enable the user
Improve the precision by a factor of two which will
close examination of small density changes such as

establishing a roller pattern or attempling to fmprove
compaction efficlency.

to
allow

After pressing the desired key, the “DEPTH" display will
Indicate "C:" as notice that & count is in progress. The
data display will iIndicate the density count as ¢
progresses. Pressing the “MC" witl dispiay the progressing
molsture count. "MS" or "DS" may be used to review the
existing standard counts in memory {( desired. All other
keys are Inactive with the exception of the MEASUREMENT keys
which may be used to restart the count i1 an srror s
noticed. .

Al the end of the selected time, the "C:" ipn the “DEPTH"
display will no ftonger be evident. The measuramont {3
complete. Some users record the measurement countes as a
means of keeping a history of thelr data.

When the counting 1s complete, the source rod should be
retracted to the “safe" poslition. It Is not necessary to
leave It extended and the dose rate arouand the margin of the
gage can be as high as 200 mrem/h in shallow depth and tow
density materials. Release the LATCH by rotating counter-
clockwise and pull the handle to the top position. Retlatch
by rotating clockwlise. 1t Is not necessary to teplace the
padlock uniess testing 1a complete for the day.

It may be convenlent to leave the gage on the test site

untit the data is processed In the event that another test
I's needed.
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3.8 Processing the Results

For the Dual Scafer type Gage, simply divide the MEASUREMENT
COUNTS by the STANDARD COUNTS to obtain ratlos and refer to

the calibration tables to obtain the WET DENSITY and
MOISTURE CONTENT. The DRY DENSITY Is obtalned by
subtracting the MOISTURE CONTENT from the WET DENSITY and
the PERCENT MOISTURE is obltained by dividing the MOISTURE
CONTENT by the DRY DENSITY. Other paramoters may be
catculated as may be required.

When using the Processor type Gage, these functlons are
performed by the computer to produce 1he rosults without
consulting tables or transfercring data %o a hand held
calculator. This decreases the potentin! for operator
etror. The processor also compensates for the attenuation

coefficient of hydrogen which }s vastiy different from
soils.

If the measurement was made on asphattic concrete onty the
WET DENSITY has any meaningy however, the calcuiated PERCENT

MOISTURE wilf closely approximate the asphalt content of the
mix.

Before actualliy processing data, the "DEPIH" dispiay must
indlicate the actual depth at which the measurement was made .
This Is set by using the “"UP/DOWN" keys. The disptay witl
only indtcate callbrated depths and the valus witt be in
mitiimeters or Inches as preset In the {nstrument .

The K factor should have previousi{y been placed Into the
processor as explalned in 3.32.

Pressing "wbD“, “DD", “M" and "% M" will produce the above
Fosulls so that they may be recorded on a suitable data
sheet along with other site ldentification.

3.81 Compactlion Control. Generally It is desirabtle
to obtain compaction as a percentage of an
oplimum density based on a faboratory Proctor
density for solis or as a percentage of the
meximum density based on a laboratory Marshall

density or other requirements for asphaltic
concrete.

{f{ the deslired density has been placed in the D
fegister by using the "RD D" and "SHIFT/SET® keys
as described In 3.31, the PERCENT COMPACTION can
be obtained by pressing "% PR" to obtain the
percentage of the DRY DENSITY to the optimum
density or pressing the “% MA"™ to obtain the
percentage of the WET DENSITY to the max imum
density.
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Void Ratio. By detinttion,

Is the ratio of the volume of the vold to the

volume of the sollds. To make this calculation,

It Is necessary for the processor to know the
speciflic gravily of the solids. There are

standard laboratory tests to make this .
determination. It the true specific gravity i{s

not kanown, the vatue of 2.700 may be used to

yleld approximate vold ratlos.

lhe vold ratio (¢)

The specific gravity may be entered by using the
"RD 8" and "SHIFT/SET" keys as described In 3.33.
Pressling "VR" wil{ perform Lthe the necessary
calculations and display the result In "DATA".
No attempt Is made to allow for rock corrections
since the volume of larger rock |s unknown.

Vold ratlo
compaction
not known.

Is an Indication of the degree of
tt "the optimum or maximum density ts

Pearcent Alr Voids. This term |s defined as the v
volume of alr as a percentage of the .onn.iﬂh,F\.
volume. The specific gravity of the solids fhust

be known and have been oentered as described [£:3

3.33. tf the calculation Is made for asphaitfc
.concrete, the normal PERCENT MOISTURE calculation

for solls will have to be sdjusted by using "RD
K" and “SHIFT/SET" to agree with the asphalt

content of the mix. The calcutation s porformed
by pressing "X AV“ and the results will be
displayed in “DATA".

“% AV* 1s an indication of the degree of
compaction and saturation of the compacted
materials. tt Is also & good indication of the
valldity of the calibration, particularty
molsture, for the specific materials belng
tested. A negative value for "% AV" Indicates
that the K factor needs to be a more negative
value. A positive value of more than 5.0% may be
caused by lncomplete compaction or the need to
increase the K factor in a positive direction

(not hecossarily a positive number but perhaps a
less negative one).

3.9 Repacking the Equipment
After use, secure the equipment.
the “safe" position and instaii
the Gage and Reference Standard to remove altl sofl and
moisture, piace them In the Transit Case and fock the case
latch. This double security Is provided to prevent
unauthorized access to the instrument and possible

Clean the acceessories and pltace them
prevent loss.

First, tatch the handle in
the padiock. After wipling

tnjury.
In the zippered case to
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4
SPECIAL TESTS

There are many other applications for molsture and dens,ty
measuring equipment other than compaction control for
highway construction and foundatlons. Some of them require
special handiing of the equipment or resuiting data.

4.1 Backlili Compaction in Trenches.
Making measurements
due to the effeoct of
shielding of

the 5001

in a trench requires some precautions
the trench walil on the Gage. Extra
the detectors have minimlzed these effects on
I{ a few precautions are taken.

The Gage should not be used
between the walis |s

In a trench where the distance

less than 600 mm (24 inches). When the
STANDARD COUNTS are made, they should be done in the trench
{1 the point to be measured Is less than 400 mm (16 inches)
and the Reference Standard should be placed In the
approximate location (distance from the wall) that the

measurement is to be made. The source end of tlhe Gage should
be facing the closest wall of the trench.

tf the trench is more than 900 mm (36
measurement will

Inches) and no
be made at a distance of less than 400 mm

(16 inches) from ths waltl then normal STANDARD COUNTS may be
used.

tf a pipe tine is Involved and direct transmlssion is used,

the end of the source rod shouid be no closet than 50 mm (2

Inches) from the plpe. For backscatter, the pips shouid be

more than 150 mm (6 Inches) below the surface.

I{ the plpe

ls full of water, no moisture measurement should
be made at

fess than 250 mm (10 inches) from the pipe.

4.2 Control Strip for Treated Bases.
When very open graded bases are used,
very large surface voids. ff tight
Involved, It is sometimes difficult

resuits for the material

there are sometimes
speclitications are

to obtatn passing

and over compaction may result.

The relatively high backscatter prectsion and tow surface
effects of the 5001 will overcome this problem In most
conditions. Some mixes, using pure granite or pure
Iimestone aggregates combined with the other errors requlire
other procedures. The Virginia Highway Research Counclii
developed & control strip method to overcome these problems
and accelerate testing by eliminating any surface filling.
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The procedure Involves laying a test section of
approximatefy 100 m (300 {eet) fong. QGage density
measurements are taken between successive roller passes at
prescribed locations and a ptot of the density iIs made. The

rolling continues through breakdown untif a maximum density
Is reached.

During constructfon, tha maximum density reached fa the
target, with the passing timit set at 98% of this value.
Tests are run on 2800 m~2 (2000 yd~2) sections and the
average of fjve tests (s used to establish passing

conditions. Each test must bs 95% or highor and the average
must be no fess than 98%.

The method has been very successfully used and detalls may
be obtained from the Council.

4.3 Thin LIft Measurements.

The 5§00t has been designed to be as sensitive as practical
In the backscatter mode in order to minimlize surface srrors.
Because ol this, 95% of the measured volume extends down to

88 mm (3.5 Inches) below the surface and 5% extends below
that depth.

The Gage RESPONSE versus DEPTH I's shown graphicalty on page

manan.rannv_ovo_ai contalns the data used to create the
graph. v

mm in, RESP mm io, RESP mm In., _RESP

0 0.00 0.000 56 2.25 0.821 113 4,50 0.976
6 0.25 0.150 63 2.50 0.858 119 4.715 0.980
13 o0.50 0.258 69 2.75 0.890 126 5.00 0.985
19 0.75 0.387 1§ 3.00 0.912 131 5.25 0.989
25 1.00 0.490 8t 3.25 0.932 138 5.50 0.993
31 1.25 0.583 88 3.50 0.945 144 5.75 0.9986
38 1.50 0.658 94 3.15 0.955 150 6.00 0.998
A4 1075 0.721 100 4.00 0.960 156 6.25 0.999
50 2.00 0.778 106 4.25 0.968 163 6.50 1.000

The data indicates that thes Gage Is sensitive to density
changes to depths as great as 165 mm (6.5 Inches) but, (rom
a practical standpoint, the Gage 2¢ preclsion of 16 kg/m~3
(t pecl) represents about 0.7% at the mid density range
which fixes the absofute maximum depth of measurement at
about 150 mm (6 inches).
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In most appilications where thin se
In place, there I3 seldom a great difference In the density
of the top and bottom layers. Assuming a maximum of 10%, 1t
I8 not necessary to make corrections It ths top layer i»s
more than 88 mm (3.5 Inches) thick. Even under these

conditlons, the maximum error created by ignoring the bottom
layer Is only 0.5% (5% of 10%) .

ctions of paving are put

Consldering all sources of error,
recommend that corrections be appli
mm (3 Inches) or more |{n thickness.
Iimit of 1%, ‘

the manufacturer does not
ed If the top layer 1s 15
This assumes an error

An example of the correctlon procedure follows:

Assume a condlition where a 50 mm €2 Inch) mat Is being
placed over an old surface with ap average density of
2400 kg/m~3 (149.8 pcf) and the Gage measurement

indicates a density of 2306 kg/m~3 (144 pef). The Gage
RESPONSE at 50 mm is .78.

The corrected density of the top layer is:
= - » -
D
t R

Where: Dt = Density of top layer

Dm = Density measured

Db = Density of bottom layer

R = QGage response at specified depth

The top layer density of the exampie Is 2279 /m~
(142.3 pect). P Ka/m=3
A simple nomograph may be constructed from the above data to

perform the calculation without the use of a hand hetd
calculator.

While theoretically this correction couid bs made for layers
of any thickness, lhere is a lower iimit where varlations in
the bottom layer density and the aclual thicknoss of the top
layer become very critlical and coutd produce dramatic
errors. Uniess the thickness of the compacted layer can be

very carefully controlfed or measured, the correctlion shoutd
not be used at less than 38 mm (1.5 Inches) .
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ALTERNATE CALIBRATIONS
The 5001 is capable of retaining four different calibrations
at any time and they may he selected by using switches which
are located on the rear panel. They may be used with either
the International System of units yleiding density In
kilograms per cublc meter (kg/m~3) or the inch pound system
ylelding unit weight in pounds per cubic foot (pct).

A Field calibration may be Instafled by owners or thelr

aou_esn.oaooq<.nau:uv__oqu._. may also contain an
alternate value of B. ‘

The Factory callibration cannot be replaced excopt by the
Factory or Authorized Service Facltittes. Thie lnvolves
copying and changing portions of the software which is
protected by copyright.

Anyone attempting to perform the functions described In this
chapter are cautioned to read and comply with the Copyright
Nolice contained on the inside front cover of this manuat.

6.1 Measurement Systems
There Is a slide switch on the clrcult board of the

processor Gage which instructs the processor to use one or
the other of the avalliable moasurement systems. Placing the

switch In the pcf position will cause all displayed data to
be in these units. Placing the switch In the §i position
wili Instruct the processor to use the International System.

This switch has no effect on variablies which have no units
such as percents and speclfic gravity. tt the user Is not
famitiar with one of the atternate systems and the displayed

values seem strange, the switch I3 probabty In the wrong
position.

§.2 Catilbrations Avallable

During the calibration procedurs, the densitly data is
reduced to an equation having three constants as explained

In the theory of operation. The A and C constants are a
tunction of the shape of the curve and the zero density
intercept. The B constant Is & function of the gamma

attenuation coefficlent of the tested material and as
shipped from the factory is the average of pure limestone
(Indlana) and granite (North Carotinal.

The moisture data is a Iinear function and It Is reduced to
8 zero denslity Intercept and a slope. The two terms are E
and F. The moisture standard Is calibrated against
saturated sand In a large contaliner.

HS 1 as



Two complete sets of these constants are avaliable and each
of them may have a additional value of B. For simpliicity,
the two sets of callibrations are calted Factory and Fletd
and the CONS switch is iabeled FAC and FLD. The Constants
switch allows the sefection of slther of lham

Each of the sets of densily constants (FAC and FLD) may be
utilized with a normal and an alternate value of B. The
swltch Is labeled BVAL and the positions ars NOR and ALT.
When the Gage Is originaity shipped 1o the purchaser, the
same valuos of the constants are loaded (nto af! of the
optlional space and use of the Gage will not be affected by
the switch positions.

There Is one additional push button switch located on the
processor circult board. |t s Intentionaliy not easily
accessed by the user. The four screws holding the circult
board to the front panel must be removed and the panel
folded away. Pressing this switch after pressing any one of
the "RD X" keys will cause the processor to erase all user
Installed calibrations and atterations. The original
factory calibration data will again be pltaced In these
poslitions. It Is availabie as a “fall safe" In case the
user gels lost in appiying the functions of aftered or fleid

calibrations or for any other reason wants to delete all of
this data.

A summary of the rear pans! switches follows:

SWITCH NAME  POSITIONS  FUNCTION

UNIT 81/PCF Select Measurement Units

CALB USE/CAL Select Calibration / Use Modes
CONS FAC/FLD Select Facltory / Fleld Calibration

Note that NORmal and ALTernate B VAlues do exist for both
the FACtory and FleLD CONStants. if the FAC CONS are lefl
in the FLD CONS memory space, another ALT BVAL can be
Installed, allowing two ALT BVAL for the FAC CONS.

Caution: Pressing the pushbutton switch will delote all user
installod alterstlons and calibrations and roapiace them with
the factory Installed alterations and calibrations.

§.21 Altered Factory Calilbration. The NOR valuse of
B cannot be changed by the user. The ALT value
of B can be established by means of a sample
procedure and used In any sltuation where It |s
desired. An exampls might be aggregates
conslsting of siag or expanded shale where the

gamma attenuation Is quite different from usually
avallabte natural aggregates.
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Modifying the ALT BVAUL ts permittad and does not
require any copying or modification of the
copyrighted software program which is a violation
of US Copyright Laws.

The only requirement Is the availabllilty of a
compacted specimen of a known denslity which
contains these materiais in the same proportion
as they wiil be used. Il only backscatter Is to
be altered, the specimen shoutd be at least 375
mm (15 inches) by 600 mm (24 inches) on a smootlh
surface and 200 mm (8 inches) thick. f{t direct
transmission is also to be altered, the specimen
must be at teast 50 mm €2 Inches) deeper than the
maximum depth to be altered. 1in addition, for
direct transmission, an 18 mm €(0.75 Inch)
verticatl hole must be piaced In the specimen
approximately 100 mm (4 inches) from one end.

In lieu of the specimen, a fleld site can be
established and the density determined by sand
replacement. This Is less desirable than using a
fabricated box of known dimensions and a set of
accurata scales but it can be satisfactorily used
It care Is exercised in the sand replacement
density determination.

Set up the gage as for normal use, place It on
the REFERENCE STANDARD and establish the Standard
Counts using the STAT optlon as described in 3.2
or 6.3. This option must be used instead of the
STD method of four minutes.

After the STANDARD COUNTS are estabiished by the
STAT procedure, press "FAST" to escape from Lhe
STAT procedure. Press the "RD K* key and enter =
valuo of 0.000 in the disptay. Press "SHIFT" and
“SET" (over "RAD K") to store this value in
memory.

Loosen the four thumb screws, 1itt up the panel
and place the CALB switch In CAL and the B VAL
switch in ALY. If the tactory calibration fs
being altered, the CONS switch must be In FAC.
Replace the pansi.

Place the gage on the sample and posttion the
source rod to the depth which Is to have an ALT
BVAL Instalied. The procedure may be repeated
for any or ati depths Including backscatter which
are doesired.



Set the "DEPTH" display to the depth to be
callbrated using the "UP/DOWN" switches. The
value set must match the source rod position. An
alternate B constant cannot be obtained for depth
posltions which were not originally calilbrated.

Press the “"TEST" Key. "C:" will usppear in the
“DEPTH" display along with the fndicated depth
and the increasing density counts will be in the 4
"DATA" display. After four minutes for direct
transmisslon or 16 minutes for backscatter, "C:*
will disappear and the processor will putl a “g*
prompt In the "DATA" display. Enter the density
value using the seifected units of measurement and
press “SHIFT" and "SET" (over YRD D"). The
processor witl compute a value of B and ptace it
in the ALT BVAL space for the FACT cailibration,
The YDATA® display will then indicate zeros.

If ALT BVAL constants are to be established for
additional depth positions, reset the rod
positlion and “DEPTH*" setlting and ropeat the
procedure by pressing the “TEST® koy.

After all of the dasired depth positions havse
been processed, remove the {ront panel and place
the CALB switch in the USE position. The Gage
Is ready to be used for filald measurements using
the ALT BVAL functlion. The NOR. BVAL may be

used by simply ptacing the BVAL switch In the NOR
position.

Both of the BVAL constants will
and can be selected by the user by use of the
BVAL switch, The ALY vatue can be replaced by
repeating this procedure, It witll be replaced (¢
the Gage Is recalibrated by the factory or
Authorized Service Center, and witl| be replaced
by the FAC  NOR BVAL {{ the pushbulton switch Is
pressed as noted above.

remain o memory

The molsture catibration fs altered by using the

K constant which Is contlrolled by using the “RD
K" and “SHIFT/SET" keys. The Equation to .
determine the proper value of K fs:
K - —SM(ovean)-%M{gaga) ,
%M(gagel+100
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Oven dry or other standard tests may be used to
obtain the moisture content of the materliat,
This correction adjusts the measured content to
account for hydrogen contained In the material
which Is not In the form of waler which §»
removed by the oven dry.

The K factor can siso be determined by making a
normal measurement with the gage and adjusting K

up or down untii the computed XM Is equal lo a
known value.

Field Recalibration. The Gage may be
calibrated in the fleld by owners or their
fepresentatives rather than the Faclory or other
Authorized Service Facllitlies. This procedurs

does not require copying or altering the software
program as prohibited by us Copyright Laws.

The procedure requires the avaliabllility of five
density standards as prescribed by ASTM, They
must consist of a sofid magnesium block, a sofid

aluminum block, & block with thin aiternating
laysrs of magnesjum and atuminum,'a block of gray
granite, and a block of timestone. The latter
should be of Indiana limestone or other Iimestone
tow in magnesium oxide with a denslitly between

2240 kg/m™3 (139.8 pcf) and 2420 kg/m*3 C15%. %
petl.

The blocks shoutd be approximately 376 mm (15
tnches) by 600 mm (24 inches) on the surface and
350 mm (14 inches) thick. If they are teoss than

375 mm wide, additional wigh density materi{al
must be added to the sldes as the 5001 has a
measured volume which |3 larger than other gages .

The laminated magnesium and atuminum standard
wilt be approximately 700 mm (28 inches) long to
elliow for end plates tgo hold the standard
together and compress the taminations.

The two solid sluminum and magnesium standards
may be fabricated from thick sectlions of the
materlals bolted together.

An 19 mm (0.75§
located about
the material
rod.

inch) vertical
125 mm (5
to allow

hole must be
inches) from the end of
Inseartion of the source

The density of these standards must be known to
an accuracy of 0.1% or better. The method of

determination 13 feft to the discretion of the
user .,



5001 CALIBRATION DATA

Gage Serial Number: : Date:

Density Standard Count:

DENSITY DATA
Magneslum Magn/Alum _Aluminum Limestone _Granite
D Valus

Posjtion
b

50/ 2

157 3

1007 4

1267 &

1507 6

1157 7

200/ 8

225/ 9

250710

275711

300712

Molsture Standard Count:

— e

MOISTURE DATA

—ALUM -M__s1D_
M Vatue 0

Count
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An equivalent moisture standard having a size
noted above must be avallable. The material used
must be a hydrogenous material which will nelther
adsorb or absorb waler from the atmosphere nor v
lose water due to evaporation. The equivalent
molsture content should be greater than 400
kg/m”3 (25 pcf). The moisture determinatlion
shouid be made by comparlison with a carefully

constructed saturated silica sand standard of a
simltar slze.

The solld aluminum or magnestum density standard
may be used for a 2ero molature content standard.

Before starting the accumulation of callibration
data, the Gage shouid have any necessary service
or adjustments made. 1f the batteries have not
been replaced within the prior year it should be
considered and If it has been two or more yoars
they should be replaced. The bottom surface and
the sliding shield cavity must be cifeanad. The
REFERENCE STANDARD and the calibration standards
themselves must be wiped clean to assure that the
surface i3 flat and free of forelgn materiatl.

The Gage should be turned on at least 30 minutes
before the accumuialion of data to allow the
system to stabllize. This may bs done prior to
cteaning. The entire calibration should take
place within one working day and this | easily
accomplished by starting In the morning. The

gage may be left on overnight to assure
stabilization.

No other Gages must be within 10 m (33 {t) or
sufficlent shieiding must be provided to prevent
any effect on the accumulation of data. It this
cannot be accomplished, or I{f the buiilding
background radiation Is higher than the outside
background, adjustments must be made. HSI| can
provide a background gage with no sources
Iinstalied for this purpose.

The density of the calibration standards and alt
count rale data should be recorded on a form
similar to that on page 44. This witl allow the
permanent retention of the data for future use In
the event documentatlion is required.
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The Gage operation is similar to tield use. The
Gage and REFERENCE STANDARD must be placed on one

of the calibration standards and a STANDARD COUNT
mado using the STAT routline. This provides a

very accurate count on which to base the
catibration and provides a statistical stability :
test on the Gage.

Backscattor data wilf be accumulated using the i
STAT routine to provide the most accurate count
rate determination. The gage must be centered on
the standards and the base must not cover the
direct transmission hole.

Direct transmission data will be accumulated
using the "SLOW" MEASUREMENT key. 1t shouid be
taken for all of the depth Increments which are
avaliable for the gage. The DEPTH setting on the
display is not Important as no resufts need be
processed. Only the “MC" and “pC" keys need boe
pressed to obtain the count rate data.

After the completion of the data accumulation,
the Gage Is ready to be programmed.

Remove the nqo=~ panel and place the CALB switch
tn the GCAL position and place the CONS switch In
the FLD position. The BVAL switch must be in the

NOR position If It Is not already there. Replace
the front panel.

Pressing "TEST" will put the Gage In the
catibrate mode and a “"dtn prompt wiltl appear In
the "“DATA" display. This I a request for the
density of the Magnesium Standard. Enter the
value using the selected units of measurement and
press "SHIFT" and "SET" (over “RD D"). A second
prompt "d2" will appear in the display. This |s
repeated as follows:

5.23
Prompt Density of
d1 Magnesium
d2 Magn/Aium
d3 Aluminum .
d4 Limestone
d5 QGranite

When the flive densities have been entered, a H
prompt ©“Ed"

will appear In the display. At this
time use the “up/pOwWN" keys to set the “DEPTH"
display to " b " anpd press “SHIFT" and "“SET*
(over "RD D") and a “Ct" prompt will appear.
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Enter the backscalter count rate from the
Magnesium Standard and press "SHIFT" and “SET*"
(over "RD D"), a second prompt “C2" will appear
In the display. This Is repeated untit all five

count rates for the backscatter mode have been
entered. After “C5" the processor wiil compute
the A, B and C constants and store them In the
proper tocatlion and "Ed" will agalin appear in the

display to allow setting a new depth. Press the
"DOWN" key to the next callbrated position and

repeat this paragraph for alf of the deslired
positions.

The field density callbratton s now complate.
Press “TEST" again to escape from the subroutine
and put the processor back Into Lthe normal
operating mode.

tf a new moiature callbration Is not to be
instalted, skip to the last paragraph.

Press

“SHIFT" and "TEST" to put the processor
into

the moisture calibration subroutine. A "HO"

prompt wiil appear asking for the moisture
content of the standard. Enter the value and
press “SHIFT" and "SET" (over "RD D"). A "Ct
prompt will appear, requesting the zero molsture

count and after entering it, “can requests the
molisture count on the standard. After the fast
entry, new values of E and F are computed and
stored {n memory. Press "SHIFT" and "TEST" to
leave the subroutine.

Remove the front pane! and return the CALB
switch to the USE position. The Gage can now be
used with the fleld or factory calibration by
moving the CONS switch between FAC and FLD.

Altered Field Calibration. The tield caltibration
can have an alternate BVAL Just as the factory
calibration. tn fact, If & field callbration has
never been installed, this can be another
alternate BVAL for the factory calibration since
the factory constants are also originally stored
In this locatlion in memory.

Remove the front panel
In the FLD position,
position and the CALB switch in the CAL
position. HReplace the front pansf and perform
the procedure iIn 6.21,

and place the CONS switch
the BVAL switch In the ALT



When complete, the alternate B value can be vused
by placing the BVAL switch in the ALT position
n:m the normal B value by using the NOR positlon.

Remove the front panel and place the CALB swltch
In the USE position and replace the pane!l .

Restoring the Factory Calibration. t1 at any
time It Is desirable to put the factory
calibration back into the Fleld Recallbration and
alternate BVAL memory locations, It may be
quickly accomplished.

Caution. This will erase all of the other data
and |t will be permanently lost.

Remove the front panel and also remcve the {our
screws which attach the printed clrcuit board to
the penei. In the upper right portion of the
cltrcuit board there is a push button switch.
With power applled to the system, press any one
of the “RD X" keys. Next press the pushbutton
and then press ths "OFF" key. The entire fiold
calfibration will be replaced.

Reassemble the circuit board and front panel and
repiace the assembly in the Gage.
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6
PREVENTATIVE MAINTENANCE

This equipment was designed for severe service and is a
ruggedized instrument. It properiy maintained It witl
require very fittle service other than rouline maintenance.

6.1 Storage Environment.

The instrument was designed to operate over an ambilent
temperature range of -10 to 70 °C and the storage
temperature of the most critical components Js -55 to 85 °C.
There Is not a likely chance that this range will ever be
exceeded but storing It at room temperature will greatity

extend Its service (ife. The recommended range Is 10 to
35 °C (50 to 95 °F).

The most damaging environment to efeclronic Instruments is
humidity. While It Is possible to hermeticaliy seal (he
instrument case, the cost would be prohi{bitive. {t does
have gaskels to seal oul water from rain but the case must
"breathe" and consequently water vapor moves in and out. 1 f
the combination of humidity and temperature causes
condensation It will ultimately cause failure.

The interior parts are all non corrosive or have protective
coatings applied to slow down this process. The user can
prevent condensatlion by limiting storage to a temperature
range and humidity where condensation cannot occur and If It
Is Iltkely, remove the front panel during storage to allow
molsture to evaporate and escape rather than be trapped
inslde.

{1 It Is used during a railn or exposed to surface water, It
should be dried off and out before being put away.

6.2 Exterior Cleaning

The Gage i3 going to getl soiled during use. While this
causes no harm, removing loose materiat at the end of each
working day witl prolong the cosmetic appearance.

Occaslionally it would help if the exterfor is cleanad with
an Industrial grade detergent and water. Heavy scrubbing
may damage the finish on labels but will not harm the other
materials.

The source rod and index rod may be sprayed with a siticon
oll and the excess wiped off with a cloth. Thess rods are
440C stainless stee! and whiie no pltting can occur, surface
rust may form inittially due to lron molecules brought to the
surface by heat treating. Light rubbing with an abrasive
will remove It and after several times, It will no longer
occur |
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Clteaning the top seal around the source rod wiill ald in
preventing soltl from working into the bearing which 1s
located beiow the seal.

6.3 Sitiding Shield Cavity

The gamma source Is covered by a stiding shield of tungsten

when it §s retracted to the "SAFE" condition. Aftert
prolonged use, the smali amount of soll carried Into the 5
cavity with each retraction witl accumulate In this cavity.

It not perlodically cleaned, the abrasion from the soll witl
Increase the force required to push the rod out and could
cause jamming of the shleld which wit] result in faulty
STANDAAD COUNT repeatabliity. Ultimately the soll will
damage the seais between the cavity and the bearing.

The bottom plate which contains a scraper ring to remove
solt from the rod when it is retracted can be removed by
using a hex key to take out the two screws. Lay the Gage on
Its side or end with the bottom pointed away from personnel
and the rod In the “SAFE" position to prevent exposure from
the source. Remove the screws and pull the plate away from
the base. The sliding shield Is held In place by a spring.
Do not lose it when removing the shleild.

Clean the parts with a wet cloth and clean the cavity with a

stiff brush. Finally wipe the parts and cavity with siticon
oll to help protect the finiah.

The cavily and bottom plate are impregnated with teffon and
do not require extanslive tubricatlion. 1t excesslve wear has

occurred to the bottom plate and scraper ring, they may need
to be repiaced.

Push the spring Into the hole in the sliding shleld and
replace It In the cavity with the sloping side towards the
source and lhe spring compressed against the end of the
cavity. Replace the plate and screws being certain that

they are tight and the heads of the screws do not extend
ebove the surface of the plate.

6.4 Performing a Wipe Test
Reguiations require that sealed capsules of radioactive

materials be tested every slix months to sssure that they &are
not leaking. This ts to prevent contamination of personnel

and other equipment. Absorption of radioactive material
Into the body s the most severe acclident that can occur in :
the use of this equipment and there (s [ittle that can be

done to remove 1.

Prevention of the absorption Is the only
solution.

The matertals to perform this test have been supplied with
the gage in kit 5200177 and additional materials may be
obtalned from Humboldt or other venders of these kils.

(3]

Ethano! (ethyt alcohol) at 95% purity ?9< be obtained from a
local beverage store under the trade name “Everclear". it
Is prefoerred but water may be used.

Since the user does not have access lo the actual surface of
the capsule, the reguiations alliow the wipe to be made on a
surface that is tikely to be contaminated by a leaking
capsule. There are two sources In this Gage. The gamma
source is mounted in the source rod and the most accessible
location to wipe Is the hole In the case through which the
rod extends In normal use. The neutron source (s mounted In
a holder Inside the case just forward of the maln clrecult
board. Its location Is covered by a radioactive material
warning itabel. The edge of this label i3 the most
accessibie location to wipe.

Most processors of these wipes allow both of these sources
to be wiped with the same filter paper since they are able
to determine from which source any contamination came.

First fill out the form lacluding the Gage mode! and seriatl
number, the type of radioactive material (Cs-137 and Am-241)
and the source serlal numbers. fInclude the owner's name and
the address to which the form is to be returned.

Wet the filter paper with the solvent. Lay the Gage on its
side with the base away from personnel so that the case
provides a shield. Using the tongs to hold the paper, wipe
the rim of the hole thoroughly with the wet paper. After
wiping a source, do not touch Lhe paper with fingers. Treat
it as potentialtly radioactive materiatl. Place the Gage (n
the upright position.

Remove the (ront panel and tocate the label over the Am-241
source. Again using the tongs, wipe the edges of the label
with the wetted paper. After air drying, place the filiter
paper In the plastic envelope and seatl It.

Piace the plastic envelope and the properly completed form
in another envelope and mail It to the processor. The owner
and authorities will be notified It the testing Indicates a
removable activity in excess of 5 nCi (.005 uCi) which Is
the legal maximum aliowable. An activity in excess of 1.0
nCi wit!l likely result in a request to rewipe the sources.

I'f & positive test occurs (in excess of 5 nCi) the Gage must
be removed from service, decontaminated, and the source
repaired or replaced before the Gage may again be used.
There will be reports to file after notification of the
proper authorlities within 24 hours.

The leak test reports from the processor must be retained
for inspection by authorities. in general, ths last two
reports must be kept but 1t is wise to keep all of them to
prove compltiance with regulations.



6.5 Statistical Stabiifty Test

This test i1s a simple method of testing the short term
stablility of the detectors and efectronic counting clrcults.

The basis for It Is explained in section 8.3 covering
radliation statistics.

Radiocactive decay i» a binary process (an atom decays or |t
does not). The average rate of decay determines the
haif-tife Cthe tlme for half of the material to
disintegrate) of the material. For Cs-137 this Is 30.17
years and for Am-241, il is 433 years. The decroase in the
average rate of decay for Cs-137 Is 2. 3% per year and for
Am-241 is 0.16% per year. The effoct of this change on the

measurement |s eliminated by calibrating the Gage In terms
of a ratio.

The short term fluctuation of binary decay Is predictable.
The standard deviation is the square root of

the average
count rate (m):

o 172
¢ = m
The Gage electronics divide the actual events counted in a

one minute perlod by a factor of 18 beforas using the number,
so the above expression Is actuatty:

e = mi2
4

This equetion can be used to predict the standard deviation
of the count rate for a serfes of messuremonts .

set of 16 moasurements and computing the actual standard

deviation, the valuye obtained can be compared as & ratlo to
the predicted value thus:

27 172
R = 4 | —RfR=m)_
mCN-1)

Where:

¢ = Standard deviation of the count rate

n = Individual count In a set

N = Number o!f sets For R»0.6 and ¢1.4 Good
m = Mean of - the set R¢<0.5 or »1.5 Bad
R = Statistical ratio Others ~~ Try Again

“SHIFT/STAT™" eautomatically runs this test and "DC" and "MC"
displays the R vatus for the density and molsturae channels.
Pressing the "pp g* key repeatedly wili display the

Individual measurement counts | they are desired. Atll 16
from each test are avaflfabie.
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FIELD SERVICE-

The 5001 Is designed for rellability and fleid ao~<.mq ls
kept to & minimum. Little, 1 any, test equipment is
required and the only tools necessary are:

Hex Key, 1/16 Inch
Hex Key, 3/32 inch
Hex Key, 1/8 Inch
Hox Key, 9/64 {nch
Hex Key, 3716 Inch
Philiips Screwdriver, #1 X 4 (nch
Stotted Screwdriver, 3/16 X 8 -Inch

Your fadioactitve Materlial License must specifically allow

removal of the source rod If the rod bearings and seals are
to be removed, cleaned or replacad.

7.1 Mechantical Disassembiy/Assembiy

7T.11 Bottom Plate and w:.o.a. The Bottom Plate
Assembly (4200156} is held In place by two ffat
head hex socket screws (1001010). Removing them

witl allow the plate to pull away and the Sliding
Shield (2200030) and spring (1000816) can
be removed for cleaning. The scraper ring

(1000806) In the piate (2200033) can be teplacad
by removing the retaining ring (1600811).

7.12 Source Rod. Olher than replacing a set of
bearings, It Is not necossary to remove the
source rod. A sultable shieid must be avallable.

Drop the source rod to the backscatter position.
Remove the two hex set screws (10010073 at the
top and unscrew the Lift Cap (2200051) and the
Lift Bumper (2200094) to allow complete removal
of the source rod and handle. Hold the rod by
the handlie with the Lip as far as possible from
the body snd store It in a shietded container
with a minimum of 25 mm (1 Inch) tead wall or In
ons of the callbration standards at least 3 m (10
ft) from personnetl work areas. The rod must not
be left unattended and should be replaced in the
gage shield as soon as practical.

7.13 Indexer and Latch. This may be accomplished
without removing the source rod from the Qages.
Remove the Lift Cap as described in 7.12 and
raise the handle off of the Index rod. Rotate
the handie and push the rod back into the shleld.
Loosen the two hex set screws (1001034) on the
stdes of the handle and silde the complete latch
assembly out the rear of the handle. The Indexer
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€2200041) will come out the slot In the stde of

the handle. The Index Latch Nut (22001256) may be
screwed of( of the Index Lock (2200126) for
cleaning with slilcon oll. These parts are

lubricated by the tefion coating.
Remove the indexer

set screw (1001035)
Lock. Unscrew the
Inserting a
Index Lock.

spring (1000813) and the hex
from the end of the Index

Index Retainer (2200040) by

long blade screwdriver through the

To reassemble, screw the retalner back into the
lock, screw the nut back on the lock to the
middle of the threaded section, and place the
spring back over the retainer. Hold the indexer
in the proper poesition in the handle stot and
stide the latch assembly back into the handle
engaging the hole in the Indexer and allowing the

pin in the lock to go into the groove In the
handie.
Turn the knob fully clockwise and tet the spacling

between knob and handle at approximately 0.5 mm
(0.02 inch), the padliock hotes in the handle must
be in allignment. Tighten the set screws In the
handle to retain the latch assembly . Rotate the
knob counterclockwlse, press the Indexer back and
slide the handle down over the index rod.

To adjust the latch, place the handle in
backscatter position, turn the knob {ully
clockwlise and while holding it, tighten the index
retalner through the center of the lock firmly.
With the latch reteased, the handls should move
freely up and down the index rod.

the

fndex rom. The Index Rod may be removed wifhout

removing the source rod. HRemove the Iift cap as
described In 7.12, 111t the handle off the Index
Rod and rotate it out of the way.

Loosen the Index Lock Nut €2200052) and unscrew
the Index Rod (2200047, 48. 49 or %0) from the
post. When replacing the index Rod, tatch the
handte firmly in the backscatter position and
screw the rod until the tip Is flush to 0.0§ mm
(.002 inch) recessed within the boltom of the :
Gage. The rod must not protrude or backscatter
measurements In the fleld could bs in error.

Top Cover. First remove the processor or dual
sScaler module (5200115) by releasing the four
thumbscrews (1001013). Lijtt the panel out and

disconnect the Module Cable (2200105) from the
base frame assembly.
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Remove the six socket head cap screws (1001008)
and washers (1001030) around the edge of the
cover. The cover can be totatiy removed from the
Gage by placing the handle partially betwesn the
backscatter and safe positions and working the
cover over {i. tt wiltl be essier If the Post
Gasket (2200109) is removed from the hole.

!f worn or damaged, the Shell Gaskel (2200149) or
Panel Gasket (2200150) should be replaced.

Top Post and Seals. Caution,
must allow source rod removal before this service
may be performed. With the source rod removed
and safely stored as covered In 7.12 and the top
cover removed, remove the six batterles from the
holders. Remove ths two center battery holder
screws (1001016) and disconnect the Battery Cabtle
(22001063 from the base frame assembly. Place
the hotders aside.

the owners license

Remove the four socket head cap screws (1001009)
and lock washers (1001031) from around the post.
11 may be litted up over the tungsten blo shieid.

The Wiper Plate (2200031) and Wiper Ring
€1000803) may be removed from the inside of
post. When replacing them, the wiper goes into
the top of the piate such that it cleans the
source rod as it moves in an upward direction.

the

The Top Wiper Cap (2200032) may be removed from
the Post by removing the two hex socket Screws
(1001007) from the side of the post. Pry up
lightly on the Cap. The Wiper Ring (1000803) in
the cap may be replacad by carefully prylng it
oul of the top.

The two bsaring Seals (1000805) may be removed by
carefully prying them out of the center hole.

The seals will be destroyed but be careful not to
damage the Source Rod Bearing (2200136). When
replacing the seals, they must be pushed or
lightly tapped In place with a wood or soft metal
dowel to prevent damage.

The bearing has recesses for sofl to accumulate
to prevent binding. Clean the bearing with a
solvent and tubcicate with a stlicon grease.
Lightly coat afl of the seals and wipers with
same grease before reassembling.

the

Reassemble in reverse order and when replacing
tho batterles be certain that the positive anode
Is in the up dlrection.



7.17 Base Modutle. Alter removing the Top Cover as
described In 7.15, remove {he battesies from the
holtders and disconnect the Battery Cable. There
are high voltage capacltors on the clrcuit board
which may be charged to 1000 volts. The current
n<u__tv_a {s fow but Injury may occur due to the
surprise o..qono_<_=a & severe shock. Discharge
them by pressing and hotding the pushbutlton

swltch at the top of the circult board for about
one minute.

Remove the seven sockel head cap screws (1001008)
and lock washers (1001029) around the edge of the
moduie. Carefully [{ft the Base Module up out of
the Gage Base. The detectors may be replaced ir
necessary and the parts feassembioad.

This completes the descriptlion of the removal of all the
major modules of the Qage.

7.2 Battery Replacement

s in this Gage will last a very long time I{ the
M”“ocwnpuhnou~o~oa at a high temperature. The expected
service life I8 one to three years depending on the
intensity of uvse. mov_anaaob_ will be required within one
month after the "LO BAT" symbol appears in the Display while
In use.

Replacement batteries should be high quality aikaline D size
cells such as those made by Mallory (DURACELL) . Do _not
replace with manganese zlinc celis except in an emergency for
a2 short perlod of time. They wiil not tast as ftong and

feakage may cause damage to the inside of the Gage.

itly to
the screws and (Ift the top shel! sufficler
w"ﬂ”<”=o batterles out of the holders. Aeptace tho cells
with the positive terminal at the top.

7.3 Seals and Wipers

The seals and wipers will wear due to soifl ebrasion and sof|
working Into them as the source rod Is moved up and down .
Keeping the bottom cavity clean and Tightly tubricating the
source rod with sitlcon grease will help prolong theie life,
When the need occurs, fol}ow the replacement Instructions iIn
T.186.

7.4 Adjusting the Index Latch

The inner working parts of this mechanism are fully
described in 7.13. These parts are extremely reliable and
should never noed replacing. At times Some adjustment may

be necessary to 8ssure that the Latch securely locks the
handle in the backscatter position.
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Remove the hex head sel screw (rom the center of the Index
Lock and place the handle (n the backscatter position.
Insert a long slendeor blade screwdriver In the hole {n the
lock and screw the fndex Retainer about one turn
counterclockwise whitle holding the knob . Rotate the knob
fully clockwise to engage the Jock. Hold the knob and
tightly screw the Index Retainer clockwise untyy the handile
Is firmly locked In position. When the knob ls rotated

no::-own_ooxi_uo. the handie should move freely Up and down
the index rod.

7.6 Moduie >n_=u~3o=_\zov_anoao=.

In order to improve qa__uv_._.< and maintain eases of
service, the 5001 slectronlcs | divided into $ix modules
which may be _=a_<_a=n_.< replaced. Two of them hava
adjustments which may need to be set. There are two

different panet modules, Dual Scaler andg Processor,

only one
of which may be In a Gage

7.51 pual Scaler Module (5200116) .
module containa two complete co
a_uu.uw_:o systems and an accurate timeyr. Fleld
Secrvice s tmpractical other than feplacement .

It Is easily removed by means of four thumb
5crews located in the corners. The cable Is
disconnected from the Base Plane Module by
releasing the fatches at each end of the
connector. Note that the cable, when Property
Instatled, has no twlists g It, only a t1g0° tugn .

This front panei
unting and

The Factory or Authorized Service
repalc or septace the modute.
is necessary and the modui{es ay
Interchangeabie between Gages.

Facliity may
No recalibration
e completely

1.52 Processor Module (5200168 . This front pane!
module contains two counting Systems, a
programmed microprocessor and dual disptays for
depth and data. Fleld service (s Impractical

other than replacement. It is atsily removed by
means of four thumb Screws located In the
corners. The cable |a disconnected from the Base
Piane Module by releasing the tatches at esach end
of the connactor. Note that the cable, when
property installed, has no twists ypn §t, only a
180° turn.

The Factory or Authorized Service Facility may
repalr or replace the module. No tecalibration
{s hecessary; however, the Gage calibration is
stored in a memory modufe which must stay with

the same Gage or recalibration wii} be Necessary.

Hsi



Base Plane Board (5200112). This board, into
which all ot the smatt modules are plugged, has
no actlve components, only Interconnscts betweon
other components. The probabllity ol falture is
very low except for physical damage. Should it
become necessary to replace it, some soldering s
required so elther the entire Base Frame must be

treplaced or returned or the entire Gage returned.
No recalibration is required.

For protection, a circult breaker Is located in
the upper lefl corner which will open up If the
maln power circuits becoma shorted. A red
Indicator Ia visible when the circult breaker Is
closed and applying power to the board.

It also has a pushbutton switch in the upper
center of the board which |s used to discharge
the high voltage belore servicing any of these
clrcuits.This bulton should be pushed and held
for about one minute before removing or replacing
the High Voltage, Density, or Molsture Modutes.

The entire frame, including the detectors, are
removed by means of the seven screws around the
edge of the frame. Do not remove the screws
which attach the. Board to the frams.

Power Controlter Modutle {(5200085) . This module
contains a precision voiltage regulator which
supptles power to all of the other modutes. tt
also contains clrecults which detect a fow battery
voltage condition and displays this information
a3 "LO BAT" on elther of the front panel modules.
The module will eutomatically shut down the Gage
power before the battery voltage drops low enough
to cause erroneous data to be taken.

It Is easily replaced by removing the screw
focated in the middie of the module. When
plugging in another one, look at the pins closely
and orlent the module pins to the clrcult board
sockets. It they are aligned, the module can be

Iinserted easity. Do not apply force as the pins
may be bent or damaged.

The modutle is not repalrable, and must be
replaced if defoective. No adjustments are

necossary nor does the replacement affoct
calibration.
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High Voltage Power Supply Module (5200088). This
module supplies a highly reguiated 1000 vde fo
the Density and Molsture Ampiifler modules and in
turn to the detectors. From unit to untt, the

voltage may vary 25 volts but once established,
it s very stable.

This voltage can cause & severe shock and before
any replacement Is attempted, the discharge
pushbutton switch locatesd in the upper center of

the base circult board must be pushed and held
for about one minute.

The modute Is caslly replaced by removing the
screw focated Iin the middle of the module. When
ptugging in another one, look at the pins closely
and orient the module pins to the circult board
sockets. I{ they are aligned, the moduie can be

Inserted easliy. Do not apply force as the pins
may be bent or damaged.

The module Is not repalrable, and must be

replaced I defective. The replacement does not
affect calibration.

Density Amplifier Module (6200087). This module
Is used to condlition varyling amptitude puises
from the two gamma detectors to loglic tevel

pulses for the counter In the front panel
module.

There are two adjustments which controtl the
amplitude of the puises from each of the
dotectors. They should be set, using an
oscllitoscope, to produce average 500 miltivolt
negative pulfses at test point DTP on the base
clrcuit board. This puise height Is not very
critical and {f the adjustments are sel at mid
range, and the STAT test Indicates stabitity, the
setting Is acceptable wilhout the avalliabiiity of
the oscittoscope.

The high voltage can cause =& severe shock.
Before any replacemant s attempted, the
dlacharge pushbutton switch tocated In the upper
center of the base circuit board must be pushed
and held for about ons minute.

The module is easity replaced by removing the
screw located in the middie of the module. When
plugoing in another one, look at the plns closely
and orient the module pins to the clrcult board
sockets. 11 they are aligned, the module can be

inserted easiiy. Do not apply f(orce as the pins
may be bent or damaged.



The module
replaced

ts not repalrable, and must be
it defective.

Moisture Amplifier Module (5200086). This module
Is used to condltiion varylng ampiitude pulses
from the thermal neutron detector to foglec level
puises for the countler In the frunt panel
module.

There 13 one adjustment which controls the
amp!itude of the pulises from the detactor. It
should be set, using an oscilloscope, to produce
average 500 millivolt negative pulses at tost
polnt MTP on the base clrcuit board. This pulse
helfght Is not very critical and {{ the ad)ustment
(s set at mid range, and the STAT test Indicates
stabllity, the setting is acceptable without the
avaitabllity of the oscllloscope.

The high voltage can cause a severe shock.
Before any replacement i attempted, the
discharge pushbutton switch located in the upper
cenler of the base circuit board must be pushed
and held for about one minute.

The module is easily replaced by removing the
screw localed in the middlie of the module. When

pluggling In another one, look at the pins closely
and orlent the -moduie pins to the clrcult board
sockets. i1 they asce atligned, the module can be

Inserted eaeily. Do not apply force as
may be bent or damaged.

the pina

The module Is not repairable, and must be
replaced §1 defective.

7.6 Detector Replacement

t{ total falture of a deteclor occurs or |f adjustments to
correct Iinstabitity problems are not possible, then the
detectors require replacement. The procedure Is quite
simple. ‘

Remove the Base Frame Module as (astructed In T.17 after
discharging the high voltage.

The gamma detector(s) (2200035) may be removed by siiding
them out of the side of the module. When replacing the
gamma detectors, note that a jeaf spring s In contact with
the shell and needs to be compressed when siiding in the
replacement .
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The Moisture Amplifier must be removed in order
the Neutron Detector (22000263 out of the freame. Slide the

new detector In place and carefulty install the ampllifier so
the the module pins and the dotector connectior engage.

to stide the

7.7 Parts tist

This tist Includes atl parts which may be fleld replaced.
Yool Set 5200112
Accessory Case 2200175
Dritl Rod 6200130
Scraper Plate/Rod Guide 5200127
Rod Extraction Tool 2200145
Hammer 1000178
Transit Case Assembity 52001690
Reference Slandard 6200122
Gage Padlock 1000177
Instruction Manuat, 5001 5200167
Radiation Safety Manuat 5200121t
Radioactive Source Certificate 5200173
Wipe Tesl Materials (KIt) 5200177
Leak Test Certificates 5200174
Filter Paper 1000176
Plastic Bags 1000178
Forceps 1000181
Lift Ccap 2200051
Hex Sockel SS Set Screw, 6-32 X 3/16 (2) 1001007
Lift Bumper 2200094
Index Rods
8 X 2200047
8 X 2 2200048
12 X 2200049
12 X 2 2200050
Index Lock Nut 2200052
Handie Assembly 4200120
Gage Handle 220003¢
Index Retainer 2200040
Index Lock Nut 2200125
tndex Lock 2200126
indexer 2200041
fndexer Spring, S§ 1000813
Hex Sockel SS Set Screw, 8-32 X 174 (4 1601034
Hex Socke! SS Set Screw, 1/4-28 X 3/8 1001035
Cs Sourco Label 2200091
Roll pln, .125 X .3715 1001020
Top Cover Assembly 4200170
Top Cover 2200133
Post Gasket 2200109
Bottom Gasket 2200149
Panel Gaskel 2200150
Panel Nut, 8-32 (4) 2200163
Radioactive Material Label 2200134
Hex Socket Head SS Cap Screw, 8-32 X 1/2 (8) 1001008
Flat SS Washer, #8 (6) 1001030
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‘Dual Scaler Module 5200115 High Voltage Power Supply Module

Eront Panel Assembly, Dual Scaler 4200192 Phillips Head SS§ Screw, 6-32 X t 1/4& mwmwmww
€Eront Panet, 5001 Scatler ) 2200161 Lock Washer, SS Internal Tooth, #6 1001006
Displtay Bezel (21 2200079 Power Controlter Module 5200085
Display Gasket(2). 2200182 Phillips Head 5SS Screw, 6-32 X 3/4 1001004
Captlve Screw and Bushing (4) 1001013 Lock Washer, 8S internal Tooth, #6 1001006
Phittips Head SS Screw, 6-20 X 1/4 (8) 1001039 . Density Amplifier Module 5200087

Scaleéi Circuit Board Assembly 4200114 Phillips Head SS Screw, 6-32 X 3/4 1001004
LCD Display 2200110 ' Lock Washer, SS Internalt Tooth, #6 1001006
Moduile Cable 22001058 Moisture Amplifier Module 5200086

.Phitlips Head S8 Screw, 6-32 X 1/2 (4) 1001005 Phitiips Head SS Screw, 6-32 X 3/4 1001004

Processor Module (Blank Prom) ) 5200168 Lock Washer, 5S internal Tooth, %6 1001006

Front Pane! Assembly, Processor 4200193 Ground Spring 2200162
Front Panel. 5001 Processor 2200169 Phittips Head S8 Screw, 4-40 X 1/4 1001014
Dispiay Bezel (2) 2200079 Lock Washer, SS iInternai Toath, #4 1001018
display Gasketl (2) 2200182 Detector, Gamma 2200035
Captive Screw and Bushing (4) 1001013 Detector, Neutron 5200026
Philtips HHead SS Screw, 6~20 X 1/4 (8) 1001039 Screw Set (5001) 5200178

Processor Circult Board Assembly (Blank Prom) 4200147 Gashel Set (5001) 5200179
LCO Display 2200110 Seal and Wiper Set : 6200199
Module Cable 2200105 Stllicon Grease, General Purpose 1000174

Phittips Head SS Screw, 6-32 X 1/2 (4) 1001005

Battery Module (23 4200108 7.8 Service Hints

Battery Holder 1000683

Battery Clip 1000432 No Power Check Batterieas and Clrcult Breaker

Battery Cable 2200106 Replace Power Controller

Phillips Head SS Screw, 4-40 X 3/4 (2) 100104 Repifuce Front Panei Module

Philtlps Head SS Screw, 4-40 X 3/8 (4) 1001015

Post Assembiy - 4200154 Not Counting Anything Replace High Voltage Power Supply

Bearing Post 2200028 v Replace Front Pane! Module

Top Wiper Cap 2200032
Wiper Ring 10008023 Not Counlling Moisture Check Pulse
:an Socket SS Sel Screw, 6-32 X 3/16 (2) 1001007 Replace ZO.uM“““nMMvﬂ".%HW

Source Rod Bearling 2200136 Reptace Neutron Detactor

Hex Socket Head SS Cap Screw, 1/4-20 X 1 (4) 1001009 Not Counting Density Check Puise Voitage at DIP

Lock Washer, S5 Spilit Spring, 1/4 (1) 1001031 Replace Density Ampiitier

Gage Base (No iInternal Parts) 2200027 Replace Gamma Detector
Bio Shield 2200029
Bottom Plate Assembliy 4200155 Unstable Molsture Check Pulse Voltage at MIP
Boliom Plate 2200033 Replace Molsture Amplifier
Scraper Ring 1000806 Replace Neutron Detector
Retalner Ring 1000811
Fiat Head Hex Socket SS Screw, 8-32 X 1/2 (23 1001010 m Unstable Density Check Pulse Voltage at OTP
Stiding Shietld 2200030 - Aeplace Density Amplifier
Shield Spring. S8 1000816 Replace Gamma Detector(s)
Am:Be Source Label 2200002 |
Hex Socket SS Set Screw, 5/8-18 X 1/2 1001032 ' Density Counts Half Aeplace Density Detector
Base Frame Assembly 4200201
Hex Socket SS Cap Screw, 8-32 X 1/2 (7) 1001008 ; Low Unstabie Counts Reptace High Voitage Power Supply
Lock Washer, SS lnternatl Tooth, #8 (7) 1001029 _
Base Clircuit Board Assembly - B200112 Keys don*t do Function Replace Front Module Panei
Philtips Head SS Screw, 6-32 X 1/2 (5) 1001005 .
Lock Washer, SS Internal Yooth, #6 (5) 1001006 On fast keypress data Key not hefd tong enough for
. : display goes to 0000 processor lo recognize
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7.9 Calibration
ttt be vailid for a
Catibration of thls instrument w
%q“.aca of one year and probably much tonger If reasonable
care Is taken to prevent the appiication of heavy shock
foads to the Gage base. . .

advised to estabiish a location on a faboratory
ﬂ"“Mw “ﬁoonsoq reference and measure this site on recelpt of
the equipment.
v~o<_uo n means ol verifylng the calibration over a fong
period of time.

epancy in this measurement or suspectod errors in
wﬂw_“.“”“-vi__w indicate the need for calibration. It the
owner does not have ftaciiities to perform the Fileld
Catibration as covered in 6.22 then the equipment should be
returned to an Authorized Service Faci{ity or the factory.
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Perlodic measurement of this tocation will

8
Theory of opsration

This Instrument uses two types of radiation fo measure the
density and moisture content of materlials. The lnteraction
between tho radiation and the materials (s very different
but most of the electsonics are compatible with the two
funcltions. Both measurements are indirect in the sense that
another parameter of the material js actueily measured and
the parameter then statsd in terms of density and molsture,

The differences betwean the measured paramaters and the
desired density and moisture is typicatty called
"compositlion" or “chemical" error slnce |t does

fnvolive the
the chemical etements or mofecutes which

form the materiatls.

8.1 ODensity Measurement by Gamma Radiation

Gamma radiation js a form of electromagnetic radiation
simitar to the radio frequencies that carry televisilon
signala and rays of viaibie tight. The only difference {a
one of frequency. At the energy of gamma radlation,
materlals exposed to It are tonlzed and this creates a
hazard to fiving tissue. Gamma and X radiation are
and are only differentinted by theair origin. X radiation |3
emitted when electrons change.energy states and gamms s
emitted from the nuclsus when some types of sradlioactive
decay occur. While one normaliy thinks of electromagnetic
radiation as occurring in continuous waves, at higher
frequenclies (¢t (s more usus! o anaftyze the effects iIn
quanta or pofnts of energy (photons) having zero res

identicat

t mass.

An isotope of ceslum C137) with e half-life of 30.17 years
is used In this Gage to produce gamma radiation. The
lsotope decays with the emission of a bets particle having a
maximum energy of 1.176 MeV and an average of 195 MeV. The
cesium-137 is transformed into barium-137Tm which has excess
energy and decays with a hali-tife of 2.5 minutas to a

ground state with the emission of gamma having an energy of
0.662 MeV.

The nominal amount of ceslum-137 used is 10 mCi with a rate
ol decay al 3.7 X to~8 disintegrations per second. The
efficlency of photon production (s 85% s0 3.2 X (o~8 photons

are produced per second. The belas particles are absorbed by
the capsule wall.
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When photons of this energy pass through materials, efther
of two interaclions may occur. At the origlinal energy of
0.662 MeV, the primary effect Is colilsion with the tloosely
bound electrons of the material with a scattering C(change in
direction) and transfer of energy. As scattering contlinues
and the energy decreases, photoelectric absorption occurs in
which the photon transfers ali of its energy to & more
tightly bound electron and the electron leaves the atom
which may resuit in some X-radiation.

As evident from the above, the Interaction Is with the
electrons {n a material and not the nucleus which contains
most of the mass. Consequentiy the Gage actually measures
the electron densfty of the material which is only
approximately retatled to the mass density. The refationship
Is the ratlo of the Z (atomic number or number of electrons

voqa.osu-=a>an.oa.oanuuo‘.rag.oau.q:o term 2/A 1
used (requentiy. .

The process ls further compiicated by the probability that
the Interhctlon will or will not occur. Atoms are mostly
volds so many photons wil| simply pass through with no
interaction. The probabiiity Is a function of both the
atomlc number and the energy of the photon and is different
for scattering and photoelectric absorption. We wil}
combline the two and cail the resultant probablility as the
“mass attenuation coefficlent®or u/p.

The classic equation for

the attenuation of gamma passing
through materlial is:.

I = _Olonrnvu:\v
Where: | = resuiting intensitty
fo = Initial Intensity
L = path length
p = density of the material

u/p = attenuation coefficient

The table below indicates the relative percantage for the

most predominant elements In the crust of the earth along
with their values of Z/A and u/p.

s Element Percept Z/A ulp(,662 MeV)
Oxygen 44.6 0.500 0.0806
Sllicon 21.7 0.498 0.0805
Aluminum 8.1 0.482 0.0777
fron 5.0 0.466 0.0762
Calcium 3.6 0.499 0.0809
Sodium 2.8 0.478 0.0772
Potassfum 2.8 0.486 0.0787
Magnes{um 2.1 0.498 0.0796
Hydrogen - 0.992 0.1600
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Feortunatlely the most common materials in the surface layers
are oxygen, silicon and calcium in the form of oxitdes or
carbonates. I'f this were not the case, gamma density gages
would not be practical for use. These materiales all have a
u/p between 0.0805 and 0.0809. Large amounts of hydrogen (n

surface water does require an adjustment in the measured
density.

The equation Indicated is not practical for use in a gage
since the mass attenuation cosfficient varles with energy
which I8 changling as the photons pass through materials and
the detectors used are not (inear with energy.

While many equations may be used, the most common }s:

II
CR = Axg 8 Dln

CR = Count rate or Ratio at the destectors
D = Density of the material
A,B,C = Constants

Where:

Gelger Mueller detectors are used in the system along with a
gamma fliter to select the deslred energy spectrum. The
fliter timits the low energy response and the detector
design limits the upper.energy which can be detected. The
avallable energy at the filter Is a function of the inittial

onergy of the gamma rediation from the source and the path
fength through the matertal.

The counl rate at the detectors i3 ratioed to a standard set
of conditions In order to eliminate drift of the system and
aglng of the radloactive material over long periods of time.

This tabte tisls the mass ettenuation coef{ficlents
suggested callbration materials covearing the possible range
of photon energy. The values are calculated from data
inciuded In “Photon Cross Sections, Attenuation
Cosfficlents, and Energy Absorption Coefflcients from 10 keV
to 100 GeV" published by the National Bureau of Standards.

for

Mass Attenuation Coefficients (cm*2/q)

PHOTON ENERQY(MeV) i

Material 0.190 0,15 9,20 0.30 0,40 9.50 90.60 _
Magneslum L1610  .1360 1220 .1060 .0944 _.0B51 _.0796
Magn/Alum .1620 1350 1210 1040 .0031  _0849 _o0784
Aluminum -1820 . 1340 1200 .1030 -0822 o084t o177
.Imestone 1820 . 1460 1280 .1080 .0960 0874 0808 '
iranite -1640 1370 1240 ,1070 .0950 0867  .0802
Ime/Qran -1780 . 1416 .1260 .1075 .09&5% 0870 .0805
ater 1680 . 1480 .1360 .1180 .1060 .0867 _0885 i
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After using this data to correct the metallilc materials,
the exparimental count rates will give an oequation which {s»
still not applicabie for construction materials. Assuming
that most construction materials will have a composition
between Iimestons and granite, the metallic values of A and
C can be used to calculate a value of 8 which applies to

these materials or other valuas of B can be determined for
any material.

Experimental data must be used and not the values trom the
above tabfe. The initlial photon energy Is known to be 0.662
MeV butl the average energy for the Interactions would be
Impossibte to determine. Gamma filters are used wilth the

delectors to timit the lower energy in order to treduce the
errors due to chemicatl composition.

Using energy discriminating detectors, the Jowest possibie
chemical error tor limestone and granite {s t0.4%. With
Gelger Mustiier detectors and mechanical fliters, the

practical Iimits are about 2% lor backscatter modes and 1.5%
for direct transmission.

The direct transmisston mode f(nvolves placing the source and
detectors across the material (opposite sides) so that the
photon path i3 directly through the material. This Is the

most accurate method due to the higher average energy and
the method produces true average densities.

The backscatter method involves placing the source and
detectors on the same slide of the material. The photon must
be deflected back pricr to measuring the attenuation by the
the material. As a result, the averago energy Is lower and
the moethod does not produce a true average density since a
targer portion of the photons pass through the materiats
closest 1o the surface and tess al deeper depths.

8.2 Moisture Measurement by Neutron Radiation

Neutron radiation iIs in the form of a particle having no
eleclrical charge. The particie Is emitted from the nucleus
of an atom usually as the result of having absorbed a very
high energy photon of an nmvza particie. White very rare, a
neulron may resultl from spontaneous fisslon. For industrial
use, lsotoplc sources are avallable which consist of alpha
radiation combined with beryltium moetal. The renction |s:

moc (x,n) o_m

When the beryitlium nucleus reacts with the alpha particle It
emils a neutron and becomes an lsotops of carbon. The C-12

I's left at an excess energy state and yi{elds a 1t to 10 MeV
photon when it goes to the ground state.
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In the 5001, americium-241 Is used as the source of alpha.
The 40 mCi source ylelds an average of 9 X 10~ 4 neutrons per
second along with an equa! number of high enorgy photons.

The neutron Interaction with matter

Is retatively complex.
Having no charge, It passes

through atoms quite readily and
unless It collilides with the nucleus of an atom fittle or no

energy is lost. Only when the colilsion invotves a fow mass
nucleus such as hydrogen is there a signlificant loss of the
neutron energy and that foss is dependent on the angle of
the coltlision.

The neutron from an Am-241:be source starts with an average
energy of 4.5 MeV. With each colilslon some enerqy Is lost
untli! the neutron reaches an ensrgy of about 0.026 V. This
value Is called thermal since It equals the veloclity of
surrounding materials at room temperature which Is 2200

m/s (7300 ft/s). The neutron may decay with a half-{ife of
f1 minutes or, at thermal energy., may be caplured by another
atom. The elements In the earths crust which may sither
thermatize or capture thermal neutrons are {{sted below.

Element Percent Collislons Absorption
Hydrogen —-—— 19 0.33
Boron <. 1 109 759.00
Carbon <. 1 121 .01
Oxygen 44.¢6 169 <.0t
Sodium 2-.8 225 - .53
Magnesium 2.1 237 .08
Aluminum 8.1 263 .23
Silicon 27.17 2713 .18
Chiorine <. 343 33.00
Potassium 2.6 378 2.10
Catclium 3.6 asr .43
Manganese <.t 529 13.30
Iron 5.0 537 2.53
Cadmium <.t 1075 2390.00
Lead <. 1876 A7

Note that the number of colllisions fequired to produce a
thermal neulron Ifncreases raplidiy above hydrogen and the
only other significant stemoents that are present, oxygen and
stilcon require a much larger number of collisions. Oxygen
of which there Is a targe amount Is usually uniformly

dlistributed with altl elements In the form of oxlides,
Including water.

For this reason, If a thermal
good probabillty that it was produced by hydrogan. While
most hydrogen In constructlon materlials is in water, there
may be hydrated minerais which contaln large amounts of
hydrogen and the error must be corrected.

neutron exlsts there is a very
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The tast cofumn {ists the cross section (probabllity) of the
material capturing a thermai neutron. Outside of some rare
elements such as cadmium, only boron and to a lesser degree

chliorine, manganese and

tron have a cross section a great
deatl higher

than hydrogen.

These elements selidom cause errors with the exception of a
fow areas which have large amounts of boron, coastal arens
which may have significant sodium chioride In the soil and a

few locations where iron oxide may be present In large
amounts.

Helium-3 Is an fsotope which has a very large capiure cross
section for thermal neutrons and the detector In the 5001 |3
filied with this gas at a high pressure so that it 12 very
efficlent. 1t the source and detector are mounted very
close together, the relationship between detected thermal
neutrons and hydrogen (water) {s linear over the normal
range of soli moisture.

- Zo0O0
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MO1STURE
Molsture Gage Catlibration

The count rate Is ratioed to a standard counl and a sulftable
equation |(s:

CR = E+FaM

Where: CR Count Ratio
M = Moisture content
E CR at zero moisture content
F Slope of the function



fn order to determine the values of E and F, two molsture
standards are required. One may be zero since It is easy to
obtain and the other must have a known amount of waler or ;
contain hydrogen which can be related to water.

The molsture measurement I's sometimes callied backscatter but !
once & neutron has been thermalized by multiple coitislons |
with hydrogen, it obeys gas diffusion laws and drifts oft in :
any direction. Some arrive at the detector and get countled.

8.3

Radiation Statistics

Radloactive decay Is a binary process, any given atom may
decay or It may not. For large quantities of atoms =&
Polisson distribution very accurately describes the process.
This distribution has a varlance which iIs equal to the mean
rate of decay.

Under these conditions, the mean of a group of samples is:

. Ln
™ N
For N number of samples:
eln) = 5_\~
The range of & single samplie is:
no=on ot =_\~
The standard deviation of N samples ia:
alm) = hh¢w~
N
The range of the mean is:
m=m ¢ 2ol .
z_\»

From these equations it Is evident that the precision ot the
Gage (s directly related to the square-root o! the number of
detector counls accumulated during a measurement. Further,

the precision can be improved by averaging the count rate i
for a number of measurements and this improvement is the i
square root of the number of measurements mads.

The precision of

the Gage in count rate has little meaning
since the purpose is to measure density or moisture content.
In order to obtain this Information, It is necessary to know
the change in the measured parameter in terms of a change In
count rate. This Is the slope of

the calibration equation.
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If the calibration equation is:

CR = axe B*D_g¢
or
n = DSx(Axe D*D_g¢,
then Lhe differential js:
-Bx
8 = uw = psxAxpxe B*D

which Is the siope In terms of counts per minute per unit
density. Combining this equation and the oquation for
precision and accounting for the prescale value of 16
ylalds: ’

(nsx(axg”B O_gy,1/2
DP = ~BXD
4XDSXAXBXg
Where: DP = Density precision
D = Density
DS = Density standard count
A,B,C = Calibration constants

Applying the same procedure to the moisture equations
resuits in an equation for the molsture precision:

t72
Mp = (MSXCE:FxM))
AXMSXF

Where: Mmp

n

Moisture precision

M = Moisture
MS = Molsture standard count
E.F = Catibration constants
Both of the above precisions are stated for the one minute

(NORM) measurement period. The values would increase by a
factor of two for 0.25 minutes (FAST) and decreass by a
factor of two for the four minute (SLOW) measurement perlod.

These precisions are the theoretical
shouid yleld these values I{ there are no instabiiilty
problems. Measurement data can be used to test the Gage.
It a series of measurements are made on the same location,
the values of precislon can be calcuinated by using:

w_\M

vaiues and the Gage



Depending on the type of catculator used, another equation
may be easlier to mantputate:

P = =N
N-t

2,172
Ep2 L0

L]

Where: Precistion
fadividual measurements
Average of measuremants

Number of measurements

23370
won

It the actual count rate precision obtained above i3 divided
by the theoretical precision, a test can be made of the Gage
stabitity. The resuitant value, R, witi indicate electronic
noise in the circults or an unslable detector.

The equation for this test is indicated In 6€.5. The

processor version of the gage has this function.included in
the software as described in 2_33.
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9
RADIATION SAFETY

The user ol this equlpment should study the Radiation Safely
Manual which |s suppllied with it If avattable, a formal
course on the subject is desirable. While the radloactive
materials in the Gage are very small amounts and only a
major accident to the QGage could cause an immediate hazard.
Care should be taken In its use in order to keap exposure as
low as fensonably achievable.

Remember that short time and long dlistance are the most
effective means of minimizing the user's exXposurs.

Refer to the Radiatlion Safety Manua! for more compieta
details of safety procedures.

9.1 Licensing

Prior lo receipt and use of this equipment, the owner must
obtaln a Radiocsctive or By-product Materiat License from tha
government agency responsible for the purchaser’'s area.

The llicenseo must have a Radiation Safety Officer who has
vecelved training iIn safety and applicable regulations. He
will be responalbla for the faltiation and maintenance of a
safelty program for the users, All racords and inventory
conlrols must be available for inspection.

8.2 Dosimetry

Personnel using the equipment should wear personnal
dosimeters In order to assure that proper care |s being
taken In storage, transport and use. Some regulations a{tlow

dispensing with this requirement after a perlod of
monitoring.

All visitors In the area of use should be kept to a minimum.
If tong term observance of the use of ths squipment |Is
needed then dosimeters should be supplied. The general rule
Is that any Individual that s Itkaly to rtecelve 10% or mora
of the regulatory maximum is required to be monltored.

Any person whose age Is less than 18 years must not be
exposed to any dose which |s tikely to exceed 10% of the
roguiatory maxImum for radiation workers.

9.3 Leak Tests

There (s a jegal requirement that the sealed capsules
containing the radioactive materiatls in this Qage must be
tested for Integrity of the seals. This test Is described
In detall In 6.4. The record of this tast must bo retained
for Inspection by the regulatlory sgency. The user's flcense
Will speclify who may make the wipe and process the material.

MHo
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8.4 Transport

iven to a common carrler for shipment must
”nwaomch“ﬂn”“.czaun..<o teak test and the shipper must have
this record in his possession along with a certification by
the manufacturer that the capsule, contsinment system and
transport container meet the US Dept. of Transportation
requirements as specified in Title 49 Parts 172 and 173 of
the Code of Federal Regufationa. For i(nternational shipment
the Regulations of the International Atomlc Energy Agency
apply and other couniries have their own reguiations for
domaastic shipment. The consignes of any shipment other than
a trelght forwarder or customs agent must be {n possession
of a ticense for the radioactive materiatls.

A m:.uuo«.m Certification for Radioactive Materials must be
presented to the carrier atong with the package. This
cartif{lcatlion must contatn the following Information.

Radloactive Material, Special Form, N.C.S.

108 UN29T4

Name cesium-137 americlum-241
Group number Lt t

Form speclal form speclal form
Activity 10 mCl 40 mCi
Category YELLOW 11

Transport Index 0.1

Type A

A record of the shipment and coples of afi the documentation
Including & copy of the consignee’s ticense must be retained
by the shipper.

9.5 Disposal

The owner must not dispose of this squipment except under
the following condltiona:

A Transfer to another licensee for possession
and use as covered In their ilcense.

B Transfer to another licensee for storage or
disposal as covered in their license.

9.6 Reporting of Loss or incidants

The loss of this aquipment or incidents which may cause
exposures in oxcess of the recommended maximums must be
reporied immediately to the Radiation Safely Officer and to
the government agency responsible for administering the
license.

Other esvents which may represent a sately hazard rmust also
be reported,

16 HS 1

8.7 Radlatlon Profite

The maximum surface and one meter exposure rates for this
equipment are listed below |n mRem/h ., t the time of
measurement, the device containsd 10.8 mCi of Cs-137 and 490
mCl of Am-241:Be with a neutron yleld of 10.2 X 1074 n/s.

The Transport Index for the Transit Case and
This vatue must appear on the DOT label.

Gage Is Jo.1i

Gamma "Heutron Yotal
Transit Case
Maximum any surface 8.0 2.0 10.0
Maximum at one meter 0.08 0.02 0.10
5001 Gage
Rear Surface 12.0 2.0 14.0
Rear at one meter 0.06 0.03 0.09
Front Surface ».e. 2.0 4.0
Front at one meter 0.03 0.023 0.06
Bottom Surface 5.0 5.0 10,0
Bottom at one meter 0.04 0.03 0.07
Top Surface 11.0 2.0 13.0
Top at one meter 0.05 0.03 0.08
Side Surface 6.0 3.0 9.0
Slde at one meter 0.05 0.03 0.08
Handle 0.6 0.02 0.62
Handte at one meter 0.01 0.0t .02

The above gammn dose rales were measured on December 8, 1985 .

and January 23, 1986 using a Vicloreen Mode| 471 lonjzation
Chamber calibrated on November t1, 1985,

The above neutron dose rates were moasured and calculated on
Decembsr 8, 1985 using & Victoreen Model 488A Neutron Survey
Meter calibrated on June 24, 1985 and neutron dose
conversion tables contained fn the North Carofina

Requlations for Protactlion Against Radintion and othes
regulatory documents.

HS ! 17
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1c
WARRANTY

The purchase of this equipment includes a 1imited one year
warranty against defective material and workmanship.
Defective parts may be repinaced in the f(leld by prepaid
shipment for Instattation by the owner.

Equipment shipped prepatd to the factory wili be repalred or
replaced al the optltion of HUMBOLDT and returned prepaid to
the customer. This warranly does not apply i1 the product,
as delermined by HUMBOLDT, |3 defective because of normal
wear or accldent or mlisuse, or aj & result of service or
modification by other than an Authorized Service Facliitty.

THIS EQUIPMENT CONTAINS HAZARDOUS RADIOCACTIVE MATERIALS AND
THE PROPER USE OF THE EQUIPMENT AND PROTECTION OF FACILITIES
AND PERSONNEL IS SOLELY THE RESPONSIBILITY OF THE PURCHASER.
OWNERS AND USERS ACCEPT RESPONSIBILITY FOR COMPLIANCE WITH
LOCAL AND NATIONAL LAWS COVERING THE POSSESSION, USE AND
DISPOSAL OF THE MATERIALS.

THERE ARE NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING
WITHOUT LIMITATION ANY IMPLIED WARRANTY OF MERCHANTABILITY
OR FITNESS, WHICH EXTEND BEYOND THIS DESCRIPTION. THIS
EXPRESS WARRANTY EXCLUDES COVERAGE OF AND DOES NOT PROVIDE
RELIEF FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES OF ANY KIND
OR NATURE, INCLUDING BUT NOT LIMITED TO LOSS OF USE. LOSS OF
SALES OR _zooz<mz.mzom. THE EXCLUS|VE REMEDY OF THE
PURCHASER 1S LIMITED TO REPAIR, RECALIBRATION OR REPLACEMENT
OF THE EQUIPMENT AT HUMBOLDT'S OPTION.

Specifications and descriptions are a3 accurate as possible.
HUMBOLDT reserves the right to make changes and Improvements
In accordance with the fatest specifications and design
improvements. Upgrading of oider equipment to current
speclfications will be made, where possibie, at the expense
of the current owner except where HUMBOLDT may elect to make
the upgrade at no cost to the owner.

SEE COPYRIGHT NOTICE ON INSIDE FRONT COVER
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This section provides a brief overview of the hazardous material
(HAZMAT) regulatory requirements for transporting nuclear
gauges. The Troxler Transportation Guide contains more detailed
information, including sample shipping papers and other
documentation.

The regulations governing the transportation of nuclear gauges
are contained in Title 49 of the Code of Federal Regulations.
Please refer to those regulations for complete details of
transportation requirements. The following information
summarizes some of the main requirements applicable to
shippers of nuclear gauges.

Security
o It is the responsibility of any person transporting a nuclear gauge

e ey 8hﬂﬂ to ensure that proper precautions are taken to prevent the theft of
§ i the gauge. Some commonsense suggestions and a security
Troxier

checklist can be found under Homeland Security on our website.
- To further enhance the security of gauges during transport Troxler
g 3 E-Commerce also offers a special Mounted Transportation Box.

Certificate of Competent Authority

A copy of the |IAEA Certificate of Competent Authority (sometimes
referred to as "Special Form Certificate”) must be on file for at
least one year after the latest shipment of a nuclear gauge. You
can download a copy from our web site. Please note that these
certificates have expiration dates.

NOTE: The sources in some older Troxler gauges are no longer
certified as Special Form because of the manufacture date. These
sources may be subject to shipping restrictions or may require
that you modify your shipping practices. Please refer to the

Special Gauge Shipping Instructions for further details.

Type A Package Testing Results

A copy of the results of Type A package testing for the shipping
case must be on file for at least one year after the latest shipment.
This information can be found in the Troxler Transportation Guide.

Hazmat Training

A certificate of training must be on file for each individual who
transports or prepares a nuclear gauge for transport. Troxler's
Nuclear Gauge Safety Training course covers transportation
requirements for nuclear gauges. Periodic Hazmat refresher
training is required every 3 years.

Marking and Labeling
The package must be marked with the proper shipping name and
labeled on opposite sides. Most troxler transport cases reqwre the

R T N P T e T O S e e & L N L P P Y v e

hHn /S www troxlerlabs com/RADSAFETY /transporting.shtml
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T enow It iI@apel wnicn must aenote e raaionucitae, acuvity, ana
transport index. In addition, Type A packages must be labeled
"US DOT 7A Type A",

US DOT 7A Type A RQ label
US DOT 7A Type A label

Emergency Response Information

Emergency response information must accompany each
shipment of a nuclear gauge. The document containing this
information must be immediately accessible to the driver at all
times during transportation on a public highway. A 24-hour
emergency response telephone number must be listed on the
shipping papers. Troxler provides this service to Troxler gauge
users at no charge. The emergency response phone number is:
+1.919.549.9539

Shipping Papers

Whenever a nuclear gauge is shipped or transported it must be
accompanied by properly completed shipping papers. Please
consult the Troxler Transportation Guide for details. When
transported via highway a properly completed bill of lading must
be in the transport vehicle and immediately accessible to the
driver.

Sealing of Package

Each Type A package must contain a seal that is not readily
breakable and provides evidence that the package has not been
opened in transit. This seal is required when transporting a gauge
to and from a work site, as well as when shipping the gauge by a
common carrier (e.g. FedEx).

Inspection Prior to Shipment

Before transporting a nuclear gauge, the shipper must inspect the
package (shipping case) to ensure it is in good physical condition
other than superficial marks and that all closure devices are in
good working order and secured.

» Return to top
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Introduction

Radiation is an extraordinarily versatile and usefu! tool in
medicine, industry, and research. It helps saves lives and
provides great benefits to mankind in innumerable ways.
Radiation is no different than other tools. If used improperly it can
be hazardous to health or cause injury. But, if proper precautions
are followed radiation can be used safely to achieve superior
results. We will briefly introduce some basic radiation safety
cencepts and principles as they apply to the use of portable
nuclear gauges. While the human body can sense and take
actions to prevent injury by many physical agents, such as heat
and noise, it cannot sense radiation. Therefore, it is important to
understand the nature of radiation, its sources, and how to protect
yourself and others.

A Brief History

In 1895, a German physicist named Wilhelm Roentgen
fortuitously discovered X-rays while experimenting with
evacuated glass tubes through which an electric current was
passed. Roentgen discovered he could take a picture of the
bones in his hand with the mysterious new rays. Henri Becquerel
of France discovered natural radioactivity a year later. In 1898,
Pierre and Marie Curie isolated the first radioactive elements,
radium-226 and polonium-210. The momentous discoveries of
these physicists led to a rapid advancement of scientific
knowledge about radiation and radioactivity, as well as to many
practical uses.

Types of Radiation

For purposes of radiation safety only radiation with the capability
to cause ionization is of concern. lonization occurs when
electrons are dislodged from a neutral atom. When this happens
an atom becomes positively charged and some energy is
transferred. lonization is the process by which radiation affects
the human body and by which it can be detected as well. There
are four basic types of ionizing radiation: alpha, beta, gamma and
neutron. The main properties of each type of radiation are briefly
discussed below.

Alpha particles consist of two protons and two neutrons and carry
a positive charge. They are emitted with high energy from the
nucleus of heavy elements during radioactive decay, but lose
energy rapidly in passing through material. A couple sheets of
paper are sufficient to stop most alpha particles. Since they
cannot penetrate even the outer dead layer of our skin, they are
not an external hazard.

Beta particles are electrons emitted from nucleus of atoms at
nearly the speed of light. They have a very small mass compared
to protons or neutrons and carry a negative charge. Very
energetic beta particles can penetrate 1/2 inch of wood.

http://www.troxlerlabs.com/RADSAFET Y/radprimer.shtml
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Gamma rays are electromagnetic energy waves emitted rom the
nucleus of atoms and have no charge. X-rays are the same as
gamma rays, except they originate outside the nucleus from
processes involving electrons. Other familiar types of
electromagnetic wave radiation include: visible light, ultraviolet
light, infrared light, microwaves, and radiowaves. These differ
from X-rays and gamma rays only in wave frequency and energy.
Gamma rays are much more penetrating than alpha or beta
particles.

Neutrons are elementary particles which are emitted during
certain types of nuclear reactions. Neutrons have no charge and
are also highly penetrating.

Units of Measure for Radiation

The primary quantity of interest in radiation protection is dose
equivalent. It so happens that some types of radiation produce
greater effects on the body than others for the same amount of
energy absorbed (absorbed dose). To account for this, a Quality
Factor (QF) is assigned to each type of radiation to express its
relative effectiveness in producing damage. Dose equivalent is
the product of the absorbed dose and the QF for that type of
radiation. It expresses the risk of harm resulting from exposure to
different types of radiation on a common scale. The basic unit of
dose equivalent is the rem. Because a rem is relatively large
amount, the millirem (1/1000 of a rem) is often used instead.
Natural Sources of Radiation

Radiation is emitted by radioactive elements naturally present in
the soil, water, and air. The major sources include potassium-40,
uranium-238, and thorium-232. By virtue of their presence in the
environment, radionuclides are found all the way up the food
chain to humans. The human body contains a number of
radioactive elements, including potassium-40, radium-226, and
carbon-14. Building materials, like granite, contain radioactive
thorium-232. Even the air we breathe contains small
concentrations of the radioactive gas, radon-222, which seeps
from the Earth's crust. Cosmic rays from outer space are another
significant natural source of radiation. The atmosphere screens
out most of the cosmic rays, but some still penetrate to ground
level. The dose from cosmic rays increases with altitude. For
example, people living in mile-high Denver receive about twice as
much dose from cosmic rays as people living at sea level. The
interaction of cosmic rays with nitrogen in the atmosphere also
produces radioactive carbon-14 and tritium (H-3).

Man Made Sources of Radiation

Manmade radiation is produced directly through the operation of
devices like X-ray machines, particle accelerators, and nuclear
reactors. Accelerators and nuclear reactors may also produce
manmade radioactive elements that emit radiation. Many
manmade nuclides are used in medicine, industry, and research.
For example, moisture-density gauges use the manmade
sources: cesium-137 (gamma source), Cf-252 (neutron source),
and americium-241:beryllium (neutron source).

Uses of Radiation and Radioactive Materials

Radiation and radioactive materials have many uses in medicine,
industry, education, agriculture, consumer products, scientific
research, and many other fields. Here is a partial list of current
uses:

medical imaging for +/ldisease treatment
disease diagnosis

lightning rods

material composition
determination

f low detection smoke detection

alrmamdinal imstriimant and fandlladbaAll lanasina

http://www.troxlerlabs.com/RADSAFETY/radprimer.shtml
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Time:

The most direct way to reduce radiation dose is to reduce the
time spent working with or in the vicinity of radiation sources. If
the exposure time is cut in half, the dose will be reduced by the
same fraction.

Distance:

Distance is one of the most effective means to reduce dose
thanks to basic principles of geometry. When the working
distance from a point radiation source is increased by a factor of
two, the dose received from that source will be reduced by a
factor of four. This is referred to as the inverse square law, i.e.,
the radiation intensity from a point source decreases with the
square of the distance from the source.

Shielding:

Shielding is any material used to reduce the intensity of radiation
by absorbing or attenuating the radiation coming from the source.
Nuclear gauges have a significant amount of shielding already
built in to protect the operator.

Further information ab ut radiation and radiation safety can be
found at a number of sites on the world wide web.

» Return to top
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sterilization
* |radiocarbon dating +|[radiotracer studies
+ |lanti-static devices +/lgemstone coloration

vulcanization, cross-linking jl*|ldeep space power source

« lweapon detection, baggage (|- reactor fuel
scanning

» lbomb detection

emergency exit signs

+ [lairport runway lights *lispark gap tubes or glow
lamps
«|ispark gap irradiators «|timepiece, instrument, and

gunsight lighting
physical property measurement (thickness, moisture, density)

How Radiation Affects People

Radiation causes ionization in the molecules of living cells. The
ions react with other atoms in the cell causing damage that
interferes with vital cell processes and with cell reproduction. At
low doses, such as we receive from natural background radiation,
the cell may be able to repair the damage with no adverse effect.
At higher doses, the cells might not be able to repair the damage
and the cells die or may reproduce abnormal cells that become
cancerous. The primary risk from occupational exposure to
radiation is a slightly increased risk of developing cancer. Several
factors influence how much effect a given radiation dose will have
on living cells.

* All cells are not equally sensitive to radiation. Cells
that divide rapidly, like blood cells and the lining of the
Gl tract, are more susceptible to damage than cells
that divide slowly, like nerve and brain cells.

¢ Dose to the whole body dose carries greater risk than
dose to a portion of the body.

* A given dose received over long time period (years) is
less likely to cause an effect than the same dose
received over a short time period (hours).

Radiation Dose Limits

The federal government has set standards for how much
radiation can be received safely. The limit for whole body
radiation for persons working in occupations that involve radiation
exposure is 5000 millirem per year. To put this value in
perspective, the average American receives about 360 mrem a
year from natural background radiation.

Protection from Radiation Sources

The radioactive material in portable gauges is in the form of
sealed sources, therefore, there is negligible chance of internal
exposure or contamination from working with a nuclear gauge.
The primary concern is external exposure. The fundamental
principle in radiation protection is that all radiation exposures
should be maintained as low as reasonably achievable. This is
referred to as the ALARA principle. The three key factors which
influence an individual's radiation dose from a given source are
time, distance and shielding. Control of these factors, therefore, is
the key to keeping radiation dose ALARA.

_Time stance Shielding

A SN e
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These emergency instructions apply whenever a nuclear gauge is
involved in an event that might cause damage to the source or its
shielding or prevent the return of the source to the shielded
position (e.g. when the gauge is struck by a piece of equipment, is
contained in a vehicle involved in an accident or involved in a
fire).

Gauge User or Operator:

Immediately cordon off the area around the gauge (approximately
15 foot radius) and prevent unauthorized personnel from entering
the area to minimize personnel exposure. The gauge operator
should stand by outside the cordoned area and maintain constant
surveillance of the gauge until emergency response personnel

arrive.

Detain any equipment or vehicle involved in the accident and the
operator until it is determined that no contamination is present.
Gauge users and other potentially contaminated personnel should
not leave the scene until they have been checked for
contamination by emergency response personnel.

Notify appropriate emergecy response personnel (e.g. the
licensee's Radiation Safety Officer, NRC or State officials) as
soon as possible.

RSO and Licensee Management:

Evaluate the condition of the gauge. Determine if the source(s)
are present and if they are in the shielded position (if applicable).
If the source(s) are out of the gauge they must be located
immediately.

Arrange for a radiation survey to be conducted as soon as
possible by a knowledgeable person using appropriate radiation
detection instrumentation. This person could be a licensee
employee or a consultant competent in the use of radiation survey
meters. The Troxler gauge operation manual contains a radiation
profile chart which gives the normal radiation levels near the
gauge. The radiation survey readings can be compared to the
radiation profile for the gauge contained in the gauge operation
manual to determine if the readings are normal.

Make necessary notifications to local authorities as well as the
NRC as required. Even if not required to do so, you may report
any incident to the NRC by calling NRC's Emergency Operations
Center at 1.301.816.5100, which is staffed 24 hours a day and
accepts collect calls. NRC or Agreement State notification is
required when gauges containing licensed material are lost or
stolen, when gauges are damaged or involved in incidents that
result in doses in excess of 10 CFR 20.2203 limits, and when it
becomes apparent that attempts to recover a source stuck below
the surface will be unsuccessful. NRC reporting requirements and
timeframes are found in 10 CFR 20.2201-2203.

http://www.troxlerlabs.com/RADSAFETY/radprocedures.shtml
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Returning Damaged Gauges to Troxler

When it is necessary to return a gauge that has been damaged to
Troxler for repair or disposal, the following procedure must be
followed.

Conduct a standard wipe test of the gauge to verify the sources
are not leaking and provide the test results to Troxler.

Send photographs showing the damage, especially damage
affecting the shieldling of the radioactive sources, to the attention
of the Troxler RSO. If the damage is extensive or the gauge
cannot be shipped in the original shipping case, Troxler will
provide assistance or directions for packaging and shipment.

Upon review of the leak test results and photographs by the
Troxler RSO, a Returned Goods Authorization (RGA) number will
be issued for return of the gauge to Troxler.

» Return to top
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TRANSPORTATION GUIDE

OVERVIEW AND APPLICABILITY

This guide is designed to assist Troxler nuclear gauge users in complying with U.S. Department of Transportation
(DOT) hazardous material (hazmat) regulations and International Air Transport Association (IATA) Dangerous
Goods Regulations. It highlights and explains the major requirements for shipping and transporting portable
nuclear gauges in the U.S.

Troxler recommends that persons shipping and transporting nuclear gauges obtain and read the applicable DOT
and IATA regulations. The U.S. DOT regulations are published in Title 49 of the Code of Federal Regulations,
Parts 100-185 (49 CFR 100-185), which can be viewed online at the U.S. DOT hazmat web site:
http://hazmat.dot.gov. IATA Dangerous Goods Regulations may be purchased from the IATA online store at:
http://www.iata.org.

The U.S. DOT HAZMAT regulations apply to all U.S. domestic shipments by all modes of transport. IATA
regulations apply to all shipments by air, both international and domestic. When shipping a nuclear gauge by
Federal Express®, the gauge must be prepared in accordance with IATA regulations for shipment by air.
Throughout this guide, you will see references to the applicable sections of the U.S. DOT regulations given in
brackets, such as [§173.410].

The focus of this guide is on preparing nuclear gauges for shipment via common carriers and on transporting
gauges as a private carrier. Private carriers generally own the goods (nuclear gauge) being transported and the
transportation of the goods is incidental to their regular business activity. A company that owns a nuclear gauge
and transports it to and from job sites in the course of business is considered a private carrier. Common and
contract carriers, on the other hand, are “for hire” carriers whose primary business is transportation of goods for
others.

The major requirements that apply to shipping a gauge via common carrier or transporting a gauge as private
carrier include:

¢ A current copy of the International Atomic Energy Agency (IAEA) Certificate of Competent Authority
(special form certificate) for each source in the gauge must be on file.

¢ The gauge must be in a TYPE A package and a copy of the TYPE A package testing results must be on file.
The package must be properly marked, labeled, sealed, and inspected prior to each shipment.

The package must be properly loaded and secured in the vehicle.

* & o

Properly completed shipping papers (bill of lading) must be in the transport vehicle and immediately
accessible to the driver

¢ AnEmergency Response Information document must be in the transport vehicle with the shipping papers and
immediately accessible to the driver

¢ Anemergency response phone number must be manned continuously while the gauge is in transit (this
service is provided free of charge by Troxler)

¢ A certificate of training must be on file for each hazmat employee involved in the shipment, essentially any
individual involved in packaging, preparing shipping papers, or transporting a nuclear gauge (training classes
are offered by Troxler)

Transportation Guide 3
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TRAINING

If you own portable nuclear gauges, HAZMAT training is critical to your business. According to the U.S. DOT
Office of Hazardous Material Safety:

“More than one-third of the Department's enforcement actions pertaining to violations of the
hazardous materials transportation regulations involve the failure of hazmat employers to
provide training or maintain test records. In most cases, violations are attributed to failure to
provide function specific training. For example, an investigator questions incorrect entries on a
shipping paper prepared by a hazmat employee who responds that he was not instructed, nor
tested, by his hazmat employer regarding the preparation of shipping papers.”

The regulations define a hazmat employee as a person (including a self-employed person) who is employed by a
hazmat employer and who:

¢ Loads, unloads, or handles hazmat (e.g., a nuclear gauge);

¢ Tests, reconditions, repairs, modifies, marks, or otherwise represents packagings as qualified for use in the
transportation of hazmat;

¢ Prepares hazmat for transportation;
¢ [sresponsible for safety of transporting hazmat; or
¢ Operates a vehicle used to transport hazardous materials.

Each hazmat employer must train and test, certify, and develop and retain records of current training for each
hazmat employee (during the period of employment and 90 days thereafter).

Initial hazmat training must be completed within 90 days of employment or change in job function. Before
completing training, an employee may only perform hazmat functions under the direct supervision of a properly
trained and knowledgeable hazmat employee.

Recurrent training is required at least once every three years per U.S. DOT rules.

Relevant training received from a previous employer or source may be used to satisfy the requirements provided a
current record of training is obtained from the previous employer or source.

Hazmat employee training must include the following:

¢ General awareness/familiarization training
¢ Function-specific training

¢ Safety training

& Security awareness training

Training records must include:

¢ Hazmat employee's name;

Completion date of most recent training;

Training Materials (copy, description, or location);

Name and address of hazmat trainer; and

Certification that the hazmat employee has been trained and tested.

¢ & & O

To assist you in meeting these training requirements, Troxler offers both initial and refresher hazmat training
courses, including testing and certification. For further information about Troxler training opportunities, please
consult our website: http:.//www.troxlerlabs.com.

4 A TROXLER



CERTIFICATE OF COMPETENT AUTHORITY

The sealed sources in Troxler gauges meet the U.S. DOT requirements for classification as Special Form
Radioactive Material. Special Form materials are designed and constructed to maintain their physical integrity
even under severe accident conditions. For all practical purposes, such materials cannot produce radioactive
contamination. The testing requirements that “special form” materials must meet are described in §173.469.
Sources meeting these requirements are issued a Certificate of Competent Authority by the International Atomic
Energy Agency (IAEA).

A shipper must keep a copy of the IAEA Certificate of Competent Authority (also known as Special Form
Certificate) for at least one year after the latest shipment of special form radioactive material [§173.476(a)]. An
example of a special form certificate is shown in Appendix F. Please note that these certificates have expiration
dates. You must have a current copy in your possession before you can legally ship special form radioactive
materials. If shipping a gauge by air, a copy of the special form certificate must be included with the shipment.

Current copies of the certificates can be downloaded from the Troxler web site (www.troxlerlabs.com) or
requested by calling Troxler. When requesting a special form certificate, please provide your gauge model
number and serial number or the special form certificate number. You can determine the applicable special form
certificate numbers by referring to the Troxler gauge certificate.

NOTE
Troxler issues a “gauge certificate” with each gauge. This certificate is sometimes confused with the
special form certificate described above. The Troxler gauge certificate gives the gauge model and
serial number, owner name and address, and information about the sources in the gauge, including
the special form certificate number. The Troxler gauge certificate is not a legally required
document for purposes of shipment, However, it is useful when being inspected by either your
licensing agency or U.S. DOT, since it provides relevant gauge information.

TYPE A PACKAGES

The type, form, and quantity of radioactive material in most Troxler nuclear gauges requires the use of Type A
packaging during transportation. The Troxler gauge shipping case meets all Type A package standards. [§173.410
and §173.412]

Each shipper of a (Specification 7A) Type A package must maintain on file for at least one year after the latest

shipment, documentation of the Type A package testing methods and results. This documentation is provided in
Appendix A for all Troxler gauges/cases currently manufactured. [§173.415(a)]
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MARKING TYPE A PACKAGES

Each Specification 7A package (Troxler shipping case) must be marked on the outside “U.S.A. DOT 7A TYPE
A” and “RADIOACTIVE MATERIAL.” [§178.350(b)]

Each package must be marked with the proper shipping name and United Nations identification number (UN ID).
[§172.301(a) and (c)]

The U.S. Environmental Protection Agency (EPA) requires notification of serious accidents involving certain
quantities of hazardous substances. These “Reportable Quantities” must be identified by the abbreviation “RQ”.
For Troxler gauges containing 10 mCi or more of Americium-241 or Americium-241:Beryllium, the letters “RQ”
must be marked on the package next to the proper shipping name. [§172.324(b)]

All of the above marking requirements are incorporated into a single label on each Troxler shipping case.

U.S. DOT requires the consignee’s (receiver) or consignor’s (transferor) name and address to be marked on the
package, except when the package is transported by highway only and will not be transferred from one motor
carrier to another. Therefore, when transporting a gauge to and from a job site by highway, name and address
marking is not required. However, if a gauge is transported by a common carrier, name and address marking is
required. [§172.301(d)]

LABELING TYPE A PACKAGES

Type A packages containing nuclear gauges are required to have RADIOACTIVE YELLOW-II hazard labels
affixed to opposite sides (not top or bottom) near the proper shipping name marking. The following information
must be entered on the labels in legible printing with a durable weather-resistant means of marking [§172.403(g)]:

¢ Contents — the name of the radionuclide(s) in the package (e.g., Cs-137 and Am-241:Be)

¢ Activity — the activity of the radioactive materials expressed in appropriate SI units, e.g., megabecquerels
(MBq), gigabecquerels (GBq).

¢ Transport Index (for YELLOW-II or YELLOW-III labels only) — the maximum radiation level at one meter
from the surface of the package in millirem/hour. See Appendix G for a list of TI values for Troxler gauges.

Type A packages containing nuclear gauges are not allowed on passenger-carrying aircraft. When offered for

transport by air, including Federal Express, nuclear gauge packages must bear a CARGO AIRCRAFT ONLY
label. [§173.448(f), §172.402(c)]
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SECURITY SEALS

Each Type A package must incorporate a feature, such as a seal, that is not readily breakable, and that, while
intact, is evidence that the package has not been opened. The seal is required when transporting a gauge to or from
a work site, as well as when shipping a gauge via common carrier. You should also lock the gauge before placing
itin the case. [§173.412]

INSPECTING PACKAGE BEFORE SHIPMENT

The shipper must inspect each package (gauge shipping case) before each shipment to ensure it is in unimpaired
physical condition, except for superficial marks, and that each closure device (hinge, hasp, latch, etc.) is properly
installed, secured, and free of defects. [§173.475]

The shipper must also ensure that external radiation and contamination levels are within allowable limits and are
consistent with the Transport Index shown on the radioactive labels on the package. If the gauge is in undamaged
condition, this requirement may be met by visual inspection of the gauge. However, if the gauge has been
damaged then radiation measurements should be made with a survey instrument and a leak test performed on the
sealed sources prior to shipping or transporting the gauge.

& WARNING
Do not ship or transport a gauge with a sliding block that is not fully closed.

SECURING PACKAGES IN VEHICLE

Any package of radioactive material must be secured against movement within the transport vehicle under
conditions normally incident to transportation. [§177.834(a) and §173.448]

MINIMUM SEPARATION BETWEEN PACKAGES AND PEOPLE

Packages bearing RADIOACTIVE YELLOW-II or YELLOW-III labels are not to be carried in compartments
occupied by passengers. These packages must be kept a minimum distance away from vehicle occupants, based
on the transport index, as shown in the table below. If more than one package is present, the distance (measured
from the nearest point on any package) must be based on the total transport index for all of the packages.
[§177.842(b)]

Total Transport Index Minimum Distance (Feet)
0.1t01.0 1
1.1t05.0
5.1t010.0
10.1 to 20.0
20.1 t0 30.0
30.1 to 40.0
40.1 to 50.0

~Nlojoibd|lWN

For example, a Troxler 3440 gauge with a TI of 0.6 must be kept at least 1 foot away from the driver or
passengers. Two Troxler 3440s with a combined TI of 1.2 must be kept at least 2 feet from the driver or
passengers.
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SHIPPING PAPER PREPARATION AND RETENTION

Shipping paper examples are shown in Appendices B, C, D, and E. Shipping papers must include:

UN identification number: UN 3332

Proper shipping name: "Radioactive material, Type A package, special form"

Hazard class: 7

The letters “RQ” for reportable quantities of material if package contains 10 mCi or more of Am-241
Radionuclide names: See Appendix G to determine nuclides for your gauge

Activity: See Appendix G to determine activities for your gauge

Label category: Radioactive Yellow-II

Transport index (dose rate in mrem per hour at 1 meter): See Appendix G to determine TI for your gauge
The words “Cargo Aircraft Only” if the package is offered for transport by air

Emergency telephone number: 919-549-9539

® & ¢ S+ 6 S ¢ &6 o+ o o

Date of acceptance by carrier (i.e., the shipment date)

Shippers and carriers must retain a copy of the shipping papers, or an electronic image thereof, for a period of

2 years after the date the hazardous material is accepted by a carrier. An electronic image includes an image
transmitted by fax machine, an image on the screen of a computer, or an image generated by an optical imaging
machine. The copy (paper or electronic) must be accessible at or through the principal place of business and
immediately available upon request by an authorized official of federal, state, or local government. {§172.201(e)]

Private carriers who use the same shipping paper for multiple shipments of the same hazardous material may
retain a single copy of the permanent shipping paper, instead of a copy for each shipment made, if the carrier also
retains a separate record of each shipment made, including:

Shipping name (proper shipping name)
Identification number (UN identification number)
Quantity transported (activity in the shipment)

* & & o

Date of shipment

SHIPPER'’S CERTIFICATION

For any shipment offered for transport by common carrier, the shipping papers must include a signed and dated
shipper’s certification statement:

“This is to certify that the above-mentioned materials are properly classified, described, packaged,
marked, and labeled, and are in proper condition for transportation according to the applicable
regulations of the Department of Transportation.”

For transportation by air, the following statement must be added to the above certification:
“I declare that all of the applicable air transport requirements have been met.”

No certification is required for a hazardous material transported by motor vehicle by a private carrier if the

material will not be reshipped or transferred to another carrier (i.e., no certification is required when a gauge is
transferred to and from a job site in a Company vehicle). [§177.204]
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SHIPPING PAPER ACCESSIBILITY

When transporting hazmat by motor vehicle, the driver must ensure that the shipping papers are readily available
to, and recognizable by, authorities in the event of an accident or inspection. The shipping paper must be clearly

distinguished, if it is carried with any other papers, by either tabbing it or by having it appear first in the stack of
papers.

When the driver is at the vehicle’s controls, the shipping paper must be within immediate reach while the driver is
restrained by the lap belt. The paper must be either readily visible to a person entering the driver’s compartment
(e.g., on the seat next to the driver) or in a holder which is mounted to the inside of the door on the driver’s side of
the vehicle.

When the driver is not at the controls of the vehicle, the shipping papers must be on the driver’s seat or in a holder
which is mounted to the inside of the door on the driver’s side of the vehicle. [§177.817(e)]

EMERGENCY RESPONSE INFORMATION

An emergency response information sheet must accompany the shipment of a nuclear gauge. This document must
be in the transport vehicle and immediately accessible to the driver during transportation on a public highway.
Troxler includes a copy of this document with each gauge. An example of an emergency response information
sheet is shown in Appendix E. [§172, Subpart G]

EMERGENCY RESPONSE PHONE NUMBER

A 24-hour emergency response telephone number must be provided on the shipping paper. This number must be
manned continuously, while the gauge is in transit, by someone who is knowledgeable of the hazards and
characteristics of the hazardous material being shipped, has comprehensive emergency response and accident
mitigation information for that material, or has immediate access to a person who possesses such knowledge and
information. Troxler currently provides this service to Troxler gauge users at no charge (919-549-9539). [§172,
Subpart G]

ACCIDENT NOTIFICATION REQUIREMENTS

Notify your licensing agency as soon as practical after a reportable incident. You are also required by §171.15 to
notify, at the earliest practical moment, the U.S. DOT at 1-800-424-8802 of an accident that occurs during the
course of transportation (including loading, unloading, and temporary storage) in which fire, breakage, spillage, or
suspected contamination occurs involving shipment of radioactive material.
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EXCEPTED PACKAGES

Some Troxler nuclear gauges may be shipped as excepted packages, including Models 3660, 4301, and 4302.
Excepted Packages are not subject to the specification packaging, marking, labeling and shipping paper
requirements described above for Type A packages. Excepted packages are subject to the following requirements:

The outside of the package must show the full name and address of the shipper and consignee.
The outside of the package must be marked with the UN ID number: "UN 2911"

For shipment by air, the package must be must be labeled with the Radioactive Material, Excepted Package
label. (IATA 10.7.4.4.3)

¢ For shipment by air, the air waybill must state in the "Nature and Quantity of Goods" box "Radioactive
material, excepted package, instruments, UN 2911", however, a Shipper's Declaration for Dangerous Goods
form is not required. (IATA 10.8.8.3)

Shippers and carriers of excepted packages are still subject to the hazmat employee training requirements and
accident notification requirements of the hazardous material regulations.
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APPENDIX A

TESTING RESULTS FOR TYPE A PACKAGES FOR TROXLER GAUGE CASES

INSTRUCTIONS FOR FINDING TYPE A TESTING RESULTS FOR YOUR PACKAGE:

LT S

Determine your shipping case type by using the drawing below.
Find your gauge model number in the first column of the table on the next page.
Find the corresponding case in the second column of this row.

Gauges that are no longer in production may not be listed. Please contact your Troxler representative or the Troxler

corporate headquarters if you need assistance.

TESTING PERFORMED & RESULTS (unless otherwise indicated in footnotes):

Water Spray:

Results:

Vibration:

Results:

Free Drop:

Results:

Penetration:

Results:

Compression:

Results:

Subjected the package to a water spray simulating rainfall of approximately two inches per hour for one
continuous hour.
No physical damage to the package was observed, unless otherwise noted in footnotes.

The package was vibrated with a displacement of 0.1" at approximately 12 Hz for a period of 24
continuous hours,
No physical damage to the package was observed, unless otherwise noted in footnotes.

The package was dropped from a height of four feet onto a non-yielding surface from a position to cause
maximum damage to the package.

The case was scratched due to the abrasiveness of the concrete, but no other physical damage to the
package was observed, unless otherwise noted in footnotes.

The package was placed on a non-yielding surface. A 1-1/4" diameter, 13-pound steel cylinder with a
hemispherical end was dropped in the vertical position from a height of 40" onto the package to a point
to cause maximum damage to the package.

No physical damage to the package was observed, unless otherwise noted in footnotes.

Package was placed on a non-yielding surface and subjected to a compressive load of at least 13
kilopascals multiplied by the vertically projected area of the package, in square feet, for 24 continuous
hours.

No physical damage to the package was observed, unless otherwise noted in footnotes.

PACKAGE DRAWINGS:
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RESULTS OF TESTING

Consult the table below for applicable testing results, as described in the instructions on the previous page.

A

[ 1in the table below indicates that the applicable test was performed. The results are on the previous page of

this document unless otherwise stated in the referenced footnotes.

GAUGE CASE/ WATER FREE PACKAGE  |DATE TEST
MODEL DRAWING #  |SPRAY |VIBRATION | o op |PENETRATION | COMPRESSION |\we 1T (1bs) | COMPLETED
3241 SERIES- [WATERRESA#1 | (1) v v v v 103, (5) 9/91
3241-A, 3241-B
3241-C, 3241-M
3242 GAUGE ONLY Q) v 7. 3) 7.3 7.2 55 1183
3216, 3217, PYRAMID/#3 (1) s 4 v v 93, (5) 9/91
3218, 3221,
3222
PLASTIC/H5 () v v v v 70, (5) 6/91
3400 SERIES. |WATERRES#1 | (1) v v v v 110, (5) 0191
3401, 3401-B | TRUNK/#2 1) v v v s/ 115, (5) 0/91
3411, 3411-B
3430 3430.M |PYRAMIDA#3 R v v v 7, (7) 93, (5) 9/91
gﬁg, 8440-M, BLOWMOLDH4 ) v v v v, 2 81 5/85
A ABSH5 1) v v v v 105, (5) 9/91
3430 Plus,
3440 Pl WATER RES#1 | (1) 7, (10) v v v 83 1107
3450, 3451 WATERRESH#1 | (1) v v 7 v 96 7/96
4232 WATER RES/#1 [ (1) 7. (8) v v v 70, (9) 1/95
4350 WATERRESH#S8 | (1) v v 7 v 122 3/92
4430 TRUNK/#7 (1) v /.03 v v 107 12/92
4440 SERIES  |WATERRESH1 | (1) v v v v 120, (5) 9/91
4640 WATER RES/#1 | (1) v v v v 110, (5) 8/96
TRUNK/#2 ™ v v v 7,2 93 6/84
Notes:

1.

e A

Engineering Evaluation — Water exposure of the magnitude required by regulations would not affect the
shielding or containment integrity.

Compressive load at date of test was specified as being derived using the “maximum horizontal cross-section
of the package,” in place of the “vertically projected area of the package.”

Cosmetic damage was observed.

Package material was exempt from this test per regulations at the time of testing.

Package tested with full weight plus 20 pounds added.

Package weight not available (case is no longer in production).

Engineering Evaluation - Test not practical due to case geometry.

The case was vibrated with a displacement of 1/8" at 15 Hz for a period of 24 continuous hours.
The weight of the case and dummy contents as tested was 74 Ibs.

. Engineering Evaluation — Package design and construction are equivalent to other packages in use which have
had no vibration-related failures.

Test results were obtained from the most current Type A package testing and evaluation documentation.

12
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APPENDIX B

PRIVATE CARRIER BILL OF LADING FOR A 3400 SERIES GAUGE

This example shows a bill of lading for a 3400 Series gauge transported by private carrier. This document is NOT
required to be dated. However, the carrier must retain a record of each shipment made, including shipping name,
identification number, quantity transported, and date of shipment.

NOTE
Your source type, source activity, and TI may differ from this example. The “RQ” requirement
applies only to sources containing americium-241.

Your Company’s Letterhead

BILL OF LADING

Shipper: ABC Paving Company
0000 Road Drive
Anywhere, U.S.A.

Qty Description
1 case UN3332, Radioactive material, Type A package, Special
Form, 7, RQ

Cs-137, 0.30 GBq (8.0 mCi)
Am-241, 1.48 GBq (40.0 mCi)
Radioactive Yellow Il Label, TI = 0.3

**** EMERGENCY CONTACT: (919) 549-9539 ****

Shipper Name (Print):

Shipper Name (Signature):
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APPENDIX C

COMMON CARRIER BILL OF LADING FOR A 3400 SERIES GAUGE

This is an example of a bill of lading for a 3400 Series nuclear gauge being shipped by highway.

NOTE

Your source type, source activity, and TI may differ from this example. The “RQ” requirement
applies only to sources containing americium-241.

SB Freightways
BILL OF LADING

DATE
SHIP DATE

P.O. NO.

SHIPPER NO.

CONSIGNEE (TO)

RED E. WAITING

SHIPPER/CONSIGNOR (FROM)
ABC PAVING COMPANY

DEF PAVING INTERNATIONAL

456 MAIN STREET

123 DIRT ROAD

ANY OTHER TOWN, U.S.A. 67890

ANYTOWN, U.S.A. 12345

PHONE NO.

EMERGENCY RESPONSE NUMBER* (REQUIRED IF HM COLUMN MARKED)
919-549-9539

ROUTE

1 case

x | UN3332, Radioactive Material, Type A package,

Special Form, 7, RQ

Cs-137, 0.30 GBq (8.0 mCi)

Am-241, 1.48 GBq (40 mCi)

Radioactive Yellow Il label, Tl = 0.3

Dim 35 x45 x 78 cm

4’.S§HIPFERI¢;ON:SIGGN
WANDA SHIPPITT

Emergency Contact: (919) 549-9539

SB FREIGHTWAYS

AUTHORIZED SIGNATURE DATE AUTHORIZED SIGNATURE
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This is an example of a Shipper's Declaration for Dangerous Goods for shipping a 3400 Series nuclear gauge by air.

APPENDIX D

SHIPPER'S DECLARATION FOR DANGEROUS GOODS
FOR A 3400 SERIES GAUGE

For international shipments (outside the USA), enter the special form certificate numbers for the sources, along with a
statement that the certificates are attached as the last line of the Nature and Quantity of Dangerous Goods section of the
form: For example: “Special form certificates USA/0614/S and USA/0632/S attached.”

NOTE

Your source type, source activity, and TI may differ from this example. The “RQ” requirement

applies only to sources containing americium-241.

AT E LS ELE N AL LELE L LELEE L EIDNESS

SHIPPER'S DECLARATION FOR DANGEROUS GOODS

Shipper
ACME PAVING COMPANY

CHICAGO, IL

5§24 ROCKY ROAD Page of

Air Waybit No. 548974

Pages

USA Shipper's Reference Number ggg

Consignee

APEX TESTING LABS
555 MAIN STREET
ATLANTA, GA

USA

Two completed and signed copies of this Declaration must {
be handed to the operator

TRANSPORT DETAILS

This shipment is within the
limtations prescribed for:
{deleta non applicable}

Airport of Departure
CHICAGO, OHARE

WARNING

Failure to comply in all respects with the applicable
Dangerous Goods Regulations may be in breach of
the applicable law, subject to legal penalties.

W&xu

CARGO
AIRCRAFT
ONLY

Airport of Destination: ATLANTA, HARTSFIELD

Shipment type:. {delate non-appicable)
[

xiooopoooo | RADIOACTIVE |

NATURE AND QUANTITY OF DANGEROUS GOODS

UN Number or Identification Number, Proper Shipping
Group (if required), and all other required information.

UN 3332, Radioactive Material, Type A Package, Special
Cs-137, 0.30 GBq (8 mCi)

Am-241, 1.48 GBq (40 mCj)

All packed in one Type A package

I-Yellow, Tl = 0.6, Dim 35 x42 x 75 cm

Emergency Telephone Number (011) 919-649-9639

name, Class or Division (subsidiary risk), Packing

Form, 7, RQ

Additionat Handling Information This shipment may be carried on passenger aircraft outside U.S. jurisdiction.

Emergency response sheet attached to Dangerous Goods Declaration

1 hereby dectare that the of this ig

t are fully and
accurately described above by the proper shipping name, and are

Name/Title of Signatory
A. BROWN, SHIPPING MANAGER

classified, packaged, and ( ded, and are in alt Place and Date

respects in proper condition for 1 ing to applicabt

International and National Gor Ttal A g t deciare that QH'CAGO' 1L JAN.1, 2008
alt of the appti air port requir have been met. Signature

{see waming above)

Transportation Guide
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APPENDIX E

EMERGENCY RESPONSE INFORMATION EXAMPLE

TROXLER NUCLEAR GAUGE EMERGENCY RESPONSE INFORMATION
REQUIRED FOR TRANSPORTATION

Call Troxler Electronic Laboratories, Inc. at (919) 549-9539 for Emergency Assistance.

1. PROPER SHIPPING NAME:
¢ Radioactive material, Type A package, Special Form, UN3332
POTENTIAL HAZARDS

2. HEALTH HAZARDS

¢ Radiation presents minimal risk to lives of persons during transportation accidents.

¢ Undamaged packages are safe; damaged packages or materials released from packages can cause external radiation hazards.
Contamination is not suspected.

¢ Packages (cartons, boxes, drums, articles, etc.) identified as "Type A" by marking on packages or by shipping papers contain non-life
endangering amounts. Radioactive sources may be released if packages are damaged in moderately severe accidents.

¢ Packages (large and small, usually metal) identified as "Type B" by marking on packages or by shipping papers contain potentially
life-endangering amounts. Because of design, evaluation, and testing of packages, life-endangering releases are not expected in
accidents except those of utmost severity.

¢ Commonly available instruments can detect most of these materials.

¢ Water from cargo fire control is not expected to cause pollution,

3. FIRE OR EXPLOSION

¢ Packagings can be consumed without content loss from sealed source capsule.

¢ Radioactive source capsules and Type B packages are designed to withstand temperatures of 1475 °F (800 °C).

EMERGENCY ACTION

4. IMMEDIATE PRECAUTIONS

¢  Priority response actions may be performed before taking radiation measurements.

¢  Priorities are life saving, control of fire and other hazards, and first aid.

¢ Isolate hazard area and deny entry. Notify Radiation Authority of accident conditions.

¢ Delay final cleanup until instruction or advice of Radiation Authority.

¢  Positive pressure self-contained breathing apparatus (SCBA) and structural firefighter's protective clothing will provide adequate
protection against internal radiation exposure, but not external radiation exposure.

5. FIRE

+ Do not move damaged packages; move undamaged packages out of fire zone.

¢ Small Fires: Dry chemical, CO, water spray or regular foam.

¢  Large Fires: Water spray, fog (flooding amounts)

6. SPILL OR LEAK

¢ Do not touch damaged packages or spilled material.

+  Slightly damaged or damp outer surfaces seldom indicate failure of inner container.

¢ Ifsource is identified as being out of package, stay away and await advice from Radiation Authority.

7. FIRST AID

¢ Use first aid treatment according to the nature of the injury.

¢ Persons exposed to special form sources are not likely to be contaminated with radioactive material,
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APPENDIX F

SPECIAL FORM CERTIFICATE EXAMPLE

Qe

U.S. Department 400 Seventh St., SW.

f Transportation Washington, D.C. 20590
: 0:“‘;'0 a IAEA CERTIFICATE OF COMPETENT AUTHORITY
s;::kuP;::nunn SPRECIAL FORM RADIOACTIVE MATERIALS
Administration CERTIFICATE NUMBER USA/0620/S, REVISION 0

This certifies that the source described has been demonstrated to meet the
regulatory requirements for special form radicactive Taterial as prescribed in the
regulat%ons of the International Atomic Energy Agency  and the United States of
America” for the transport of radicactive materials.

1. Source Identification - AEA Technology QSA, Inc. Model number X.1188.

2. Source Description - Single encapsulation made of stainless steel and
tungsten inert gas or laser seal welded. Minimum wall thickness iz 0.48
mm (0.02 in.). Approximate outer dimensions are 10.1 mm (0.40 in.) in
diameter and 9.7 mm (0.38 in.) in length. All sources shall be
constructed and maintained in accordance with attached AEA Technology
QS5A, Inc. Drawing number RBA61869, Rev. A.

3. Radioactive Contents - No more than 74 GBq (2.0 Ci) Americium-241 oxide
mixed with Beryllium and pressed into a solid pellet.

4. Quality Assurance - Records of Quality Aisurance activities required by
Paragraph 310 of the IAEA regulations™ shall be maintained and made
available to the authorized officials for at least three years after the
last shipment authorized by this certificate. Consignors and consignees
in the United States exporting or importing shipments under this
certificate shall satisfy the requirements of Subpart H of 10 CFR 71.

5. Expiration Date - This certificate expires April 1, 2008.
This certificate is issued in accordance with paragraph 804 of the IAEA
Regulations and Section 173.476 of Title 49 of the Code of Federal Regulations, in
response to the petition and information dated January 17, 2003 and March 18, 2003

submitted by AEA Technology QSA, Inc., Burlington, MA, and in consideration of
other information on file in this Office.

APR -8 2003

(DATE)

Associate Administrator for
Hazardous Materials Safety

Revision 0 - Original issue.

1 "Regulations for the Safe Transport of Radicactive Material, 1996 Edition
(Revised), No. TS-R-1 (ST-1, Revised)," published by the International Atomic
Energy Agency (IAEA), Vienna, Austria.

2 Title 49, Code of Federal Regulations, Parts 100 - 199, United States of
America.

Transportation Guide
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APPENDIX G

TRANSPORT INDEXES FOR TROXLER GAUGES

The Transport Index (TI) for a nuclear gauge is defined as the dose rate (mrem/h) one meter from the shipping case.
Determine your case type using the case drawings (see page 11).

Find your gauge model number in the first column of the table below.

Find the corresponding case in the second column of this row.

If the gauge was manufactured with different source activities or sources, find this information in the third column.
The fourth column provides the TI for each gauge, case, and source combination.

Gauges that are no longer in production may not be listed.

Please contact your Troxler representative or the Troxler corporate headquarters if you need any assistance.

RN il

GAUGE MODEL | NUCLIDES | ACTIVITY CASE/ DRAWING # | TRANSPORT INDEX (T1)

1351, 1352, 2376 Cs-137 0.3 GBq TRUNK/#2 0.2
3041-C Am-241 3.7 GBq WATER RES/#1 0.1
Am-241 11.1 GBq WATER RES/#1 0.5

3241-M Cf-252 3.7 MBq WATER RES/#1 0.1
3216, 3217, 3218 Am-241 1.48 GBq PLASTIC/#6 o1
PYRAMID/#3 0.1

3242 Cf-2562 3.7 MBq WATER RESH#1 0.4

WATER RES/#1

2401 Am-241 | 148GBq | or BLOWMOLD/#4 04
Cs-137 0.3 GBq TRUNK/#2
PYRAMIDA3, or ABS/#5 0.1
WATER RES/#1 05
3411 Am-241 1.48 GBq TRUNK/#2, 0.1
Cs-137 | 0.3GBQ | PYRAMIDA3, or ABSH5 :
BLOWMOLD/#4 0.4
Am-241 | 1.48 GBg
3430 o3 | 63080 WATER RES/#1 03
Cs-137 | 0.3GBq
3430M, 3440M Cias | 290 by WATER RESHA#1 06
2440 Am-241 | 1.48 GBq WATER RES/#1 06
Am-241 | 0.56 GBq
3440-L ooty | o308 WATER RES/#1 0.4
Am-241 | 1.48 GBq
3430 Plus, 3440 Plus | 2= | 165 Gag WATER RES/#1 0.3
3450, 3451 Am-241 | 1.48 GBq WATER RES/#1 03

Cs-137 | 0.3GBq
4232 ct252 | 3.7MBq WATER RES/#1 0.4
Am-241 | 0.15GBq

4350 o2 | Gacee WATER RES/#8 0.2
Am-241 | 0.15GBq
4430 crzen | 223 Mo TRUNK/#7 0.1
Co-60 2.22 MBq
4440 SERIES S0 | #%2Meal WATER RESH# 0.1
4545 Cs-137 | 0.3GBq TRUNK/#2 02
4640 SERIES Cs-137 | 0.3GBq V‘gﬂ%‘mﬁm‘ 1 02
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APPENDIX H

Operating Procedures

If personnel dosimetry is provided:

— Always wear your assigned thermoluminescent dosimeter (TLD) or film badge when
using the gauge;
— Never wear another person’s TLD or film badge;

— Never store your TLD or film badge near the gauge.

Before removing the gauge from its place of storage, ensure that, where applicable, each
gauge source is in the fully shielded position and that in gauges with a movable rod
containing a sealed source, the source rod is locked (e.g., keyed lock, padlock, mechanical
control) in the shielded position. Place the gauge in the transport case and lock the case.

Sign out the gauge in a log book (that remains at the storage location) including the date(s) of
use, name(s) of the authorized users who will be responsible for the gauge, and the temporary
job site(s) where the gauge will be used.

Block and brace the gauge to prevent movement during transport and lock the gauge in or to
the vehicle. Follow all applicable Department of Transportation (DOT) requirements when
transporting the gauge.

Use the gauge according to the manufacturer’s instructions and recommendations.
Do not touch the unshielded source rod with your fingers, hands, or any part of your body.

Do not place hands, fingers, feet, or other body parts in the radiation field from an unshielded
source.

Unless absolutely necessary, do not look under the gauge when the source rod is being
lowered into the ground. If you must look under the gauge to align the source rod with the
hole, follow the manufacturer’s procedures to minimize radiation exposure.

After completing each measurement in which the source is unshielded, immediately return the
source to the shielded position.

Always maintain constant surveillance and immediate control of the gauge when it is not in
storage. At job sites, do not walk away from the gauge when it is left on the ground. Take
action necessary to protect the gauge and yourself from danger of moving heavy equipment.

Always keep unauthorized persons away from the gauge.

Perform routine cleaning and maintenance according to the manufacturer’s instructions and
recommendations.

When the gauge is not in use at a temporary job site, place the gauge in a secured storage
location (e.g., locked in the trunk of a car or locked in a storage shed).

H-1 NUREG - 1556, Vol. 1, Rev. 1



APPENDIX H

o Before transporting the gauge, ensure that, where applicable, each gauge source is in the fully
shielded position. Ensure that in gauges with a movable source rod, the source rod is locked
in the shielded position (e.g., keyed lock, padlock, mechanical control). Place the gauge in
the transport case and lock the case. Block and brace the case to prevent movement during
transportation. Lock the case in or to the vehicle, preferably in a closed compartment.

¢ Return the gauge to its proper locked storage location at the end of the work shift.
o Log the gauge into the daily use log when it is returned to storage.

o If gauges are used for measurements with the unshielded source extended more than 3 feet
beneath the surface, use piping, tubing, or other casing material to line the hole from the
lowest depth to 12 inches above the surface. If the piping, tubing, or other casing material
cannot extend 12 inches above the surface, cap the hole liner or take other steps to ensure that
the hole is free of debris (and it is unlikely that debris will re-enter the cased hole) so that the
unshielded source can move freely (e.g., use a dummy probe to verify that the hole is free of
obstructions).

o After making changes affecting the gauge storage area (e.g., changing the location of gauges
within the storage area, removing shielding, adding gauges, changing the occupancy of
adjacent areas, moving the storage area to a new location), reevaluate compliance with public
dose limits and ensure proper security of gauges.

Emergency Procedures

If the source fails to return to the shielded position (e.g., as a result of being damaged, source
becomes stuck below the surface), or if any other emergency or unusual situation arises (e.g., the
gauge is struck by a moving vehicle, is dropped, is in a vehicle involved in an accident):

 Immediately secure the area and keep people at least 15 feet away from the gauge until the
situation is assessed and radiation levels are known. However, perform first aid for any
injured individuals and remove them from the area only when medically safe to do so.

» If any heavy equipment is involved, detain the equipment and operator until it is determined
there is no contamination present.

* Gauge users and other potentially contaminated individuals should not leave the scene until
emergency assistance arrives.

* Notify the following persons, in the order listed below, of the situation:
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NAME? WORK PHONE NUMBER? HOME PHONE NUMBER?

Follow the directions provided by the person contacted above.

RSO and Licensee Management

« Arrange for a radiation survey to be conducted as soon as possible by a knowledgeable person
using appropriate radiation detection instrumentation. This person could be a licensee
employee using a survey meter located at the job site or a consultant. To accurately assess the
radiation danger, it is essential that the person performing the survey be competent in the use
of the survey meter.

« If gauges are used for measurements with the unshielded source extended more than 3 feet
below the surface, contact persons listed on the emergency procedures need to know the steps
to be followed to retrieve a stuck source and to convey those steps to the staff on site.

+ Make necessary notifications to local authorities as well as to NRC as required. (Even ifitis
not required, you may report any incident to NRC by calling NRC’s Emergency Operations
Center at (301) 816-5100, which is staffed 24 hours a day and accepts collect calls.) NRC
notification is required when gauges containing licensed material are lost or stolen, when-
gauges are damaged or involved in incidents that result in doses in excess of 10 CFR 20.2203
limits, and when it becomes apparent that attempts to recover a source stuck below the surface
will be unsuccessful.

» Reports to NRC must be made within the reporting time frames specified by the regulations.
e Reporting requirements are found in 10 CFR 20.2201-2203 and 10 CFR 30.50.

? Fill in with (and update, as needed) the names and telephone numbers of appropriate personnel (e.g., the RSO or
other knowledgeable licensee staff, licensee’s consultant, gauge manufacturer) to be contacted in case of
emergency.

H-3 NUREG - 1556, Vol. 1, Rev. 1



	;- SHIPPER/CONSIGNOR (FROM)
	ABC PAVING COMPANY
	DEF PAVING INTERNATIONAL 456 MAIN STREET
	ANY OTHER TOWN U.S.A
	I ANYTOWN,U.S.A
	ROUTE

	I 1 case I x I UN3332 Radioactive Material Type A package
	Special Form 7 RQ
	Cs-l37,0.30 GBq 8.0 mCi)

	Am-241,1.48 GBq (40 mCi)
	Radioactive Yellow II label TI =
	1 1 Dim35x45x78cm
	Emergency Contact:
	WANDA SHlPPlTT SB FREIGHTWAYS

	AUTHORIZED SIGNATURE DATE AUTHORIZED SIGNATURE

