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September 25,1996
|

| United States Nuclear Regulatory Commission
Region 3

'

801 Warrenville Rd.
Lisle, IL 60532-4351

Attn.: Mike Weber
|

RE: Additional information for previously requested amendments to NRC License 2-16690-01

,

Dear Mr. Weber:

l

Attached is the additional information you requested regarding the license amendments that I submitted;
'

on June 19,1996 (license No. 12-16690-0I). This information concerns personnel training at the
Wausau, WI, Kraft, Inc. location.

|
If you have any questions please call me at 847-646-2127.

| |
!

Yours truly,*
1

V

Richard Pico
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! NUCLEAR RADIATION SAFETY TRAINING l

|
Presented by Raymond Parsons et Kay-Ray /Sensall I
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i

3)( Hour Seminar With Time For " Question and Answer" Period
.

! A. What is radiation?
i

1. Where does it come from?
2. Different types (Basic)

a. Alpha
b. Beta
c. Gamma
d. Neutrons '

3. Penetration Characteristics
._

j 4. Particulate and Electromagnetic
|
| B. Terms used in radiation
!
l

. 1. Curie (Millicurie) -

2. Roentgens (M111iroentgens)
3. RAD ( Acronym) Radiation Absorbed Dose
4. REM (Acronym) Roentgens equivalent man

.

| s_- 5. Dose & Dose Rate (MR/hr) i

'

C. Exposure *

1. Natural & Others-

2. Medical X-Ray
~ ~

" ' 3. '' Hea l th "Ri s ks
~'

|

D. Safety Regulations

| D. Conclusion i
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INDUSTRIAL GAMMA RADIATION SAFETY !''

I ABSTRACT Radio waves, microwaves, light, and x4ays are

everyone. The spectrum .hd are W b h
t

Gamma rW*lan instruments have many features which m Figure 1 reintesthewave
Whom atramivewthe pinstrument W. d Ih'** *" *

This paper wig address the saisty and application aspects of
nuaiser gauges in a typical psocess envisonment. The

,

mahodology we be to espisin radiadon basios including
i''''I f f '''f ' '''''i

compensons et rammion levels at the equipment to ''',f
exposure from medical x rays, air travel, etc. P7 g

,.

INTRODUCTION
- N"" "

-* *

Among the many types et densay, le_ vel, and weigh scale
_

- -to
controlongineer,the _ _. " " 4esadsensoris ' ' , ' ' to|'''10 ''j'''5 ' ' ' ' ' ' ' '

to 10unique beoeuse t is -----i 'f _",' noru,Ms. No loed
cats, probes, or diaphragms come in contact with the |

"***8 CE3"*8 2 8measured liquid or sodd;iswenaatian and mamionance can
he performed without process dowreme.

!

| Thus, the ._ r ' - - ' sensor can be used to solve some Fgure 1
of the most ddfloult process measurement problems --those
that involve corrosive, obrasive, very hot, hghly pressurized, |

orviscous manenein.
Since gamma based eenoors une atechnology not Gamma radiatlan (symbolized by $ wave lengths are within

understood by many people, this paper has been written first the x-ray pc,rtaon of the spedrum. The difference is that,

to acquaint the reader with the many different types of x rays are emitted from a marwnede machine whee gamma

radiation - then to define more specirceBy gamma radation radiation is emitted by natural or man-made radoeceives ,,,

nource masselais. The ramosmive souros materials used in .and its safe use in industry. ,

industry emit specille wave lengths of gamma radiation; (

CLASSIFICATIONS OF RADIATION some at the most common of these are given in Figure 2. |
There are many dillerent types of redistion. Each type has
its own characteristics and industnel uses. For purposes of
this discussion, we have n - :-M radiation into two

h 1st h so h \tasest ~-

; PmucuWeAndSectmmagneueRomanon i i i

Pastruisen radiation encompasses emiselons that have a"

dennable mass; some of thcae are iisied below. j

Parendmanadanon
Ahha pertales(symboEzed byes) , , , i

seta partidos(symboazed by M ,,. , ' , . |o
'

m
3,

Neutrons (symboEzed byvi)
vnWEUNSTM CIMttarreRS
GAladARADIATION

Alpha and Beta pertmies are often used 'm industry to
measure the thicimoes of anips and webs. Newmns are
used to measure moesture in buk maserials.

Figure 2

EledmmagnWe rasadon is cherectertred by emissions that
have observable wavelike behaver and no dWeMahla mass.

,

.,.

Kay-Ray /Sensall;
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Figure 3

The KAY.ilAYS densay sensor shown in Figwe 3,is typical Two2
of an industdal gemma m meeswoment system. . ,,,,
The sowce houems and deteoeor are mounted on opposhe
sides of a pmosos phe. The sowee housing is made og Cosme rays tom the sun at sealmet 0.034

: steel and lead to contain the gamma radiation emitted by the (**)
double e.-- ; ~ 'sourcemetodelhthecenter. A Nessied redum h weemr(hgestable) 0.040

W contmkthe gamma h Nemest redescovhyin eat (extemel) 0.060
When cdosed the beam is contahed - when opened the
annay desned beam passes through the pipe to the detector NetwalK40inbody(ngestabio) 0.020s"
and finally to the lead cap where it stops. The potential chestx rays (extemel) 0.100
gamma radlealon expoems of a densay eenoor i@=ilahan is MesselMinwooden house 0.01 0
one#y detennined. Table 2 reintee the potential exposure (**'''"*0levels fem this device with those the average human being
receives in one year from other sources. Note the amount of NahreiMinbnckhouse 0.040

time and distence one must be from the density sensor to (essemel)

receivethe amounts Beted. *21eet kom typioel Kay-Ray denielty sensor 0.318 max. pot. exp.
<

(exseme4

'3 feet kom typical Kay. Ray density sensor 0.154 max. pot. exp.

(estamel)

'4 Imot from typical Key-Rey denemy eeneer 0.091 max. pot. exp.

(essoms0

15 seet tem typiset Key. Ray denoty sensor 0.051 max. pot. exp.

(eenemah

Aspwebis NRC annuel'=t-imi 5.000
esposure Er.16t(ezenme0

'Indvdsel aseyn et stated cEstance 6 howsMay for 50 weeks.

,

4
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GAMMA INDUSTRIAL GAUGING'"

NON-CONTACTING MEASUREMENT Ceaum is7 has reasonatse penetratog power and . ue.fui

AND CONTROL had #f*, maims it a most commmy und tempe fu
industrial densty, level, and wegh scale gauges.

Among the many types of denssty, level, and weigh scale
systems available to a instrument and contml engineer. Activity

in addition to energy, radioactive isotopes are rated
e o or in

a cording to their activity (source size). The basic unit of
contact wkh the measured Eqsd or solid. Thus, e actMiy is the curie (Cl) aber Madame Curie, the Polish-bom
rMarinenased systems can be used on the most M French scientist who discovered radium. A more convenient
process materials; those that are corrosive, abrasive, vety unM masure 2 the muucune M, one MusandM a
hot, viscous, or under high preerure. Not only are these curie, m anmnt of rahedve malenal nee &d to peduce
systems non-ee..; ,;;.9, they are m,,T- '-ri extemalto the 3.70 x 1Wsmeegra#ons per second. Note that aWs
veseet on which they are used, so instaam&vi and independent of energy For most industnal applications,
mairenance can be perfoM h p h practcal source activities range from 1 to 10,000 millicunes.

RADIATION BASICS
sin = acovity is inspeent d emamnmeniawtects.
gamma sources are an extremely prWh tool for

This paper will review simple radiation principles and the industnal gaugmg
basic operating theories of gamma density, lewi, and weigh
scale sysmms, and wir e,~..< 9 appicatim in Half-Ufe and Source Decay

* As a radoective isotopo decays, it decreases in activity
accordmg to a precise exponential formula. Half-fife is the

Types of Radiation length of time required for a source to decay to half of its
Radioacove isotopes, either natural or man made, emit original activity. For example, Cs 137 has a half-life of 30
radiation in the form of pesticles or electromagnetc waves years, so a 100 rnCI Cs 137 source will have an activity of )j
(photons) as they go thmugh the process of decay. The 50 mCiin 30 years. and after 60 years its activity will be 25

'

three most common types ci nuclear radabon are: mci.
1. Alpha (a) Emitted particle conesses of two protons and

Radiation Field
i
1

two neutrons same as a hesium nucieus.
The radiation field, the intensity of radiation at any given !

2. Beta ($) Electron or positron. distance from a source, is a function of its activity, its energy. |

I
3. Gamma (Y) High energy electromagnetic waves similar and the thiciciens and type of material between the source

|

and target. This field is measured in Roentgens (R) afterto x rays.
0*"*

Because of their low penetrating power, alpha particles are x rays in 1895. A milliroentgen (mR), one thousandth of a
Roentgen, is the radiat6on fleid needed to produce 2.08 x tooN "*' " # ** "''

frequently used for thcomees measurement in proceews lon pains in one cubic centimeter of air under standard
such as plastic film, paper, and metal strip. For ;; i.s. The Roentgen is used only for measuring
non-contacting industrial danaty, level, and weigh scale gamma and x ray fields.
gauging, gamma radiation is used atmost exclusively
because ses pewtratmg power is ideal for the rAtiveY Radiation Dose
thick walled pipes and vessels used in industrial processes.

Dose is a measure of the effect that radiation has on theSome commonly used gamma emitters are: tissue with which it reacts. Dose, expressed in REM

RN6nGY Half 47E (Roentgen Equivalent Man) is the biological effect produced
'N M M on a person by a field of one Roentgen. Again, a more

convernent unit of measure for our purposes is the millirem.
2. AmeacuniA.241) ooso ass

one thousandth of a REM. Although commonly abbreviated
2. comun(C4137) oesa 33

MREM. mRom or mrem, mittirem should be spelled out so
&Cmcm tm u as not to confuse it with milliroentgen (mRL When dealmg

with gamma and x radiation. millirem and mR are4. neem @a.22s) 1.500 avg. 1so2

v

Kay-Ray /Sensall
__

nsanen=== rums.saorocms. tin:
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RADIATION DETECTORS '

Three types of mdemon osteoiers are commoney used with 4 ,

Lmdussial gauges: s.u tutes, ionannon en nbas, and
soinnaban detectors.

G-M Tubes 7# (
*

The G M (Geiger-Mueuer) tube consets of a small diameter ;
'l ,| ,I,] ,

(about 15 to 20 mm) of thimwalled metal tube filled with an I I,p
inert gas, such as argon, at a pressure of about 10 cm Hg.
The center electrode is a very thin wire that cenies a high i

electric poteneal so stat any lnoident beta parteie or gamma Figure 28 lonChamber
'

photon producing a single ion pair within the gas can inillate
an avalanche of electrone by geo n=M. This |

avalarche pear 6rme a current ptdse that can be counted or
measuredby eieasonies unutescanbe Scintillation Detector
connected in parallet for impsoved seneluvity. The G-M tube The scintulation detector (more preeeely the scintemhnn
has the advantage of relative smas alze and low cost, but deactor) makes use of the phononhhat
can to adversely aNeeled by h and generaby has a when gamma photons strike cestein crystals, such as ,

mamanum temperatum redrg of 120T. sodium lodide (Nal), visible light photons are produced. |
'These light photons can then be made to strike the cathode

of a photomutdplier (PM) tube producing photoelectrons,
those photons are attracted to the poortvoly charged
dynodes and, in tum. produce even more electrons due to

' '

the phenomenon of secondary omiseson. The saintulation
riatanent is capable of very high amp 0Roanon so it can be
used with much smaler activtty sources than the ion

Y g
chamber, it is generap more seneidve to electrical and5 y

+ environmonial distumances than the ion chamber, however
this is a drawback that Kay-Ray /Sensail, Inc. has been ableT ; g g
to overcome4

O Figure 2A - GM Tubes

8A
lonization Chamber 7M H|g~~

PM Tube'

The ionirshon chamber (ion chamber) consists of a rotatively T
ddd @Itarge dameter sealed steel charnber with a sturdy center Saimuste

electrode. This arrangement is much more rugged than - Ught

either the G-M tube or the aesitillahon detector. It is filled -

with a heavy, inert gas such as argon at a pressure of
several atmospheres. A hoevy ges under pressure Rye 2C. Saint 8tagon .

Increases the chances of a enitiesan between an incident |

i gamma photon and a gas molecule. As radiation strikes the l

chamber, the gas becomes ioniaod, the resulting current |
,

ouput is continuous and f,ies,e.h.&l to the intensity of the i

maident radation. The ion chamber operates at a lower I

voltage than the G-M tute and the output is seletively
independent of power suppiy fluctuations. It is less
temperature sensitive than the scintiladon detector,,

withstandlng ambeent temperatures up to 150*C. and high'

vibration without permanent damage.

1

i

KAY-RAY /SENSALL 3
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Application Considerations DENSITY SYSTEMS ;

The loikwnng factors must be caroduBy considered when Basic radsation principles can be apphed to meteure the |

applybg gammalevelsystems: densay of matenalin a pipe. Since radation is absorbed in
1. Sourse Aethetty "M =y the conect notace activity is swepede- to the amount of mass through which it travels. |s ,

a hection of the distance between the source and detec. varying densay of a matenal flowing through a pipe will result I

tor, the number of haK-values of material between the in a varying output from the detector. Refer to Figure 5. The
source and detector, and the detector sensalvity. mass absorbtion coethemnt (k)is a charactenstic of the

process matenal, Gameter (d) is a constant, and (p) is the
2. Ambient Temperature. Gamme level systems am com- vanable to be measured. In most cases, (g) can be

monly used on very hot processes where contacong calcuisted and comtaned with a known (d) and (p) range to
level gauges will not work. AR gamma detectom can op- predict the resultant radiation change. With Cs 137 as the
trate in ambient temperatures up to approxamately radauon cource (p) does not change greatly with different
erC. Above this temperature,wnh the exception of the process materiais.
km chamber which can operate in ambients up to
150*C, water cochng is necessary. The source houeng
can wnhatand ambient temperatures up to the meinng
point oflead. apprommenely sorC.

|3. Foung tantertal. Enoseseve ernounts of falling matertal e

can create falso high levelindcations in most applice-
tions, an increased source activity will componeste for I "

R
the ex2ra absorbtion caused by the falling metenal

A4. Ideterist sh.urhap Metonal buildup on vessel walls, d ; , ,

jd bLage enough, may cause falso triggering. In this case. 1.0 1.1 1.2

it is necessary to estimens the maximum buildup and in-
eresse the source activity accordngly, Density

5. t.ineartzstion. With large continuous level ranges, the
gauge output is non linear due to the ddlerences in ra-
dishon path length and effective wal thicimoes from
top to bottom. These dl5erences can be co+ - M g . lee * 88

for by using a m9- - ::y..4 linserimr.

Typical Applications in - Redemn inwaty at reference denetty
n Masssesorpooncoernment

Chemical. Reactors, surge tanks, fluidlaed beds, storage p oenestyof process rnsiones
tanks; product interfaces, foam level deteccon, d insidediammerof pipe

maken polyesar

Mining: Cruebers, storage hoppus, sumps, sand beds. Figum 5 - Density vs. Radiation at Detector

Metais: Contmuous casters, niiviisa storage bins,
blast fumarma; powdered metals, molten metal.

PoBucon, incinwatons, fly ash hoppas, sludge tanks. Application Considerations
Power: Cool goodiers; ash look, coal lock, and fly ash Installabon. A few simple guidelines will ensure a

hoppers; plug and void condtions in feed ,,innaaaful instans6on:

1. Clamp the source housing and detector on a vertical

Pver: Chip bins, chip chutes, batch dgesters; plu9 pipe with the flow upward (refer to Figure 6). This as-
and void detecdon in feed and discharge sures a fug pipe and no straufled material between
chutes of TMP and M8D digesters. source and detector, if a horitental pipe must be

used. then mount the source and detector in a verticalGlass: Molten glass levelin fumaces.
plane to average the stratified material.

2. A sample valve should be installed near the source and
detector for initial calibration and subsequent penode

*

calibration checks.

%d

KAY-RAY /SENSALL 5
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| WEIGH SCALES 2. Loading. seu c=veyor inding a cae:utated by ine # |
lowing formula-

|
1

|
The gamma weigh scale operates on a principle similar to

|(; the gamma density system. In this case, a fan-shaped
C0"YO'88'8C#*9"fth%wme6

inantiurii w ofensni
'

radiation beam spreads across the ennte wtdth of a
conveyor from above, and the detector is positioned below. !

As material passes between the source and detector, the The minimum full scale belt loading is 2.7 lbr/ft . There i2

amount of radiation reaciung the detector is inversely is no maximum loadirg limit on a nuclear Weigh scale.
'proportional to the mass of matenal per unit area on the 3. Lineariaation. When a significantly large loading span
lconveyor. Typically, the conveyor loading is muittplied by tne is encountered, the radiation change may be enough to '

conveyor speed to produce a mass flow rate. This rate can require linearization. Generauy, a linearizer is not re-
be integrated over time to gNe a totalized flow. Refer to irden WWings w m to Ma,

,

Figure 8.

|
_

4. Particle Slae. Particle see has no signrlicant effect un- I

I
i tess inc idual particles are larger than 15% of belt

j width.
,

soum nousing
I 5. Conveyor Speed Traneducer. If belt speed vanations8

; -g are more than 25% a speeeweight muttiplier opbon j
|

,g
should be included in the system to maintain Dasic accu- |i %

- %* ham * i racy. This option includes a conveyor speed transducer,' \|

and computer card to calculate weight per unit of time.
i s i

J
i s

,' ( |
6. Density and Moisture Vanations. Product density and

j moisture variations of less than 10% will have minimal,
' , f- sett s

effect on accuracy. Kay Ray /Senealt weigh scales haver/ 5 i

h -

| been used on screw, apron, dragchain, and bucket con-|

voyors.! , . ,
,

e- ,

-

'\
u ,e, s , Typical Applications

.

| 1_p . c
" "'**" Chemical: Ferttiizer, phosphates, charcoal, cement.9

| .
Mmeng. Foundry sand, ores, !!mestone, potash, gravel.*' *

! M*****t t''em * W ''' "''*'9"' Metals: Coal. ores, pellets, sirner, metal concertretes.
__

PoRution: Studge filter cake, dewatered sludge.

Cement. Kiln feed, c! inkers.
Figure 8 - Weigh Scale on Seit Conveyor

Power: Coal flow.

Paper: Wood chtps, sawdust, bark.
|

Installation and Calibration good: orain,in,it, potatoes, begame.

The gamma weigh scale is specifically designed for easy Misc.: Rubber, gypsum,

installation on any conveyor. It slips easily under any
exisung best conveyor wahout requiring modecation to SUMMARY
sv wh. his m % by When proper attention to appiscation evaluation, ceiivu,w,;

-

2 arcing the electronics based on an empty conveyor reading g g ,

and setting the span on a known fur load reading. ,

*pp'c'**8 'a *Im"t '"Y P'* *** iad"'''Y-
Application Considerations

! 1. ?e; . '-Wy. Basic repeatabilityis 20.5% of full
scale where conveyor speed and loading geometry are j

,

repeatable and loading is mantained between 70% and I

100% of full scale.

l

,

i

:

s.-,
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