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Monsanto

ELECTRONIC PRODUCTS

MONSANTO COMMERCIAL PRODUCTS CO.
P.O Box 8

St Paters. Missoyr: 83378

Phone: (314) 272-6281

TWX 910 780 -284)

April 14, 1976

Mr. Douglas Weiss

Nuclear Regulatory Commission
License Fee Management Branch
Washington, D.C. 20555

Dear Mr. Weiss:

Our check for the required $1,000.00 fee for the radiation manu-
facturing license as specified in fee category 3B of Part 170 as per
your letter dated April 7 is enclosed.

Thank you very much for your assistance in obtaining both licenses.

Regards,

. Baaek

ohn W. Burd
Manager, Materials Technology
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Irradiated silicon rod will be around to exact dimensions, etched with an HNO HF
mixture to resove surface derage, sliced into wafers with a diamond saw, and the
wafers etciied and subsequently polished on one or both sides. Customers may put
wafer through a series of high temperature (900-1300°) diffusion steps, etch it a.d
finally break it into chips approx. 0.020" square. Other customers will incorporate
entire wafer in a rectifier after undergoing high temperature diffusions. Final
end uses for devices include rectifiers and silicon control recti€iers. Uses of

integrated circuits made from 0.020" square chips include computers, digital watches.
calculators, radios and sound equipment.
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ELECTRIONIC #in D

AZUSANTO CONMMERCIAL FRODUCTS CO.

!

P. G Box B

B1, Paters, Missouri B3378
Prore 314 2726281
WA B0 7602541

February 23, 1976

Mr. Douglas Weiss

Nuclear Regulatory Commission
License Fee Management Branch
Washington, D.C. 20555

Dear Mr, Weiss:

“nclosed are two copies of our Application for a Byproduct
Material License relating to the receipt, use, distribution and
transfer of szricunductor gredz silicon that has been doped by
irradiation in a nuclear rcactor. The epplication and support-
ing documentation has been prepzred to conform wich Title 10, Code
of Federal Regulations, Part 30, We will, of course, be happy to
provide any further information required in support of the appli-
cation.

Our check for the required $50 fee is also enclosed.

Sincerely yours,
; ; T

e - P A

“John W. Burd
Manager, Materials Technology

JWB:bh
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SUPPORTING DATA FOR A SPECIFIC LICENSE

TO OWN, POSSESS, DISTRIBUTE AND TRANSFER NEUTRON-DOPED SILICON

Monsanto Commercial Products Compar:
An Operating Unit of Monsanto Compzr-

| - -~
-~




10,
1P
12.

13.
14.

15,
12,

¥ 8

Table of Contents

Introduction

Description of Silicon

naserintion of Intended Use of Neutron-Doped Silicon
Method of Byproduct Introduction

Initial Concentration of Byproduct Material

Control Methods on Byproduct Introduction

Time Interval Between Irradiation and Release from the
Reactor Facility

Determination of the Concentration of Byproduct Impurity
Levels

Potential for Concentration of Byproduct Materials

Why a Lower Level is Not Practical

thy the Product is Not Likely to be Used in Humans
Description of Facilities

A. Silicon Manufacturing Facilities - St. Peters, Missouri
B. luclear Reactor Facilities

C. Radiation Inspection Facilities at St. Peters

D. Other Monsanto Facilities

References

Personnel and Training

A. List of Personnel

B. Specific Training of Personnel

C. Radiastion Training Seminar

Specific Facilities for Irradiated Silicon

Pediriicy Protection Program

Weste Disposal

P‘a qe

W o oW N -

10

1

12
13
14

15
16
18
19
21

22
23
24
26
27
28



14TPONUCT 10N

The Electronic Products Division of Monsanto Cormercial Products
Company, an operating unit of onsanto Company, desires to receive
silicon which has been irradiated in a nuclear reactor facility to
effect nuclear transmutation doping and then to distribute and transfer
the silicon to electronic davice manufacturers.

Although byproduct material is not functional in silicon, some may
be present as a result of activation of trace level impurities.

The information in the following sections is in support of an
application for a specific license to possess and use neutron-dcped
silicon pursuant to Section 30.33 of 10 CFR Part 30 and an application
for a specific license to distribute neutron-doped silicon under the
provisions of Section 32.11 of 10 CFR Part 32.

Pursuant to Section 30.32(d) of 10 CFR Part 30 a single application
is being filed covering both of thzse activities.

71279
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DESCRIPTION OF SILICON

Very pure single crystals of silicon which contain carefully
controlled trace quantities of selected irpurities are the major
starting material for the solid state electronics industry. The
Electronic Products Divisicn of the Monsante Coiinarcial Products
Company presently produces these high purity single crystals of
silicon by the float-zone and Czochralski methods. The as-grown
crystals range in size up to 100 mm. in diameter and 30 inches in
length. These crystals are further modified into ground rods of
exact diameters and into lapped and/or polished wafers randing in
thickness from 0.010" to 0.030". Both the wafer thickness and the
elactrical resistivity are critical parameters in fabrication of
the electronic devices in which the silicon is used. The resisti-

vity is controlled by adding trace amounts of certain impurities and

in the conventional process, these impurities are introduced during
crystal growth,

A recent advance in the art of introducing controlled trace
impurities into the very pure silicon is by the nuclear transmuta-
tion of a portion of the silicon into phosphorus.
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4159050 USE OF NEUTRON-DOPED SILICON

Pure single crystals of silicon doped with a few parts per billion
of boron or phosphorus are manufactured by the Electronic Products Divi-
sion of the Monsanto Commercial Products Company and distributed to
electronic device manufacturers. The silicon, in the form of wafers,
is used to fabricate mini- and microcircuits and as the active sections
of silicon rectifiers. Previously, doping of the silicon has been accom-
plished by adding trace amounts of the desired impuriti.. “uring growth
of the crystals. This produces materials that are of limited uniférmity
on a microscale and are homogeneous on a macroscale in doping material
concentration to only about + 25%. This non-uniformity and limited pre-
cision has been acceptable in the past but will not be in the future as
microcircuitry becomes smaller and more complex and higher reliability
is demanded of rectifiers. It has been shown that neutron transmutation
of Si to produce n-type silicon, (wherein the majority carriers are elec-
trons), overcomes both these problems. (Ref. 2, 3.) The transmutation
of 39si to !P to produce a uniform and precise doping of silicon semi-
conductor raterial to n-type material is a desirable commercial process
yielding a product that is superior to material made by existing processes.

Bulk pieces or wafers are irradiated at a reactor with thermal neu-
trons to transmute a small amount of 39Si to 3!Si which decays with a
2.62 hour half-life to °P.
The reaction is:

30§i +

RS ik +  31p ST

The underlined isotopes, which are the initial and desired product, are
stable. The concentration C_ of transmuted phosphorus is:

P
Cp = ¢ t o n (39s4)
where:
¢ = the thermal neutron flux (n/cmZ-sec)
= the radiation time (sec.)
¢ = the cross section for 3°Si (n,y) =

0.10 x 10724 cm?




n (i'5i) = the number of 395i atoms/cc in the sample =

1.52 x 10?2} atoms/cc

S : o 30 9
The -sncentration C ¢t on 51) X 10

ppb niss)

And “he resistivity after proper annealing of the silicon because
of t-2 transmuted phosphorus is:

R = 96 = 31.1

e

Cppb ¢ t x 10

Sinc: the minimum desired resistivity is ~ 4 ohm-cm, the maximum
expc:ure will be a fluence qt < 8 x 10'® n/cm? sec. A1l material
will Se used in solid form in electronic devices; such as, rectifiers
and -“‘erocircuits. After irradiation both bulk pieces and slices will
be ¢ nealed at ¢ 1100° C to remove radietion damage. To make slices,
the -1k pieces will then be sliced and polished into wafers. The
wafe s will be sold to electronics manufacturers who will deposit cir-
cuit: on these silicon substrates and heat treat and section them,

The nicrocircuits or rectifiers will then be incorporated intu cir-
cuit: or rectifiers.
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METHOD OF BYPRODUCT INTRODUCTION

The purpose of the neutron irradiation is to produce the stable
isotope 2!P by the (n,y) reaction on *°Si and allowing for the decay
of the 3181 to *'P. There are, however, other reactions associated
with the silicon ihat produce byproduct materials and there can be a

few parts-per-billion impurities in the silicon which lead to byproduct

material.

The following reactions on the silicon should be considered:

3054 (n,y) 318§ 2.62 hr. =+ ilp + B (1)
ilp (n,y) zp 14,3 d > 32g L (2)
288y  (n, 2n) 2783 4,25 s > 27i  + g' (3)
p (n, 2n) 30P 2.5m - 105+ gt (4)
7884 (n, p) 2EA] 2.27 m B 2854 + 8" (5)
2554 (n, p) 2941 6.52 m - 2284 + 8 (6)
2ip (n, p) 154 2.62 hr - 3p + & (7)
3084 (ny) 27Mg. 9.5m - 277) + g (8)
iip (n,-) 28A1 2.27 m - 2854 + B (9)

Following irradiation, the silicon is allowed to decay for several
days and consequently only the combination of reactions (1) and (2) of
those above results in byproduct materials. At the time of discharge
from the reactor following an irradiation in a thermal neutron flux of
4 x 10'2 n/cm?-sec for 348 hours the 32P activity will be about 2.2 x
1072 y Ci/gm. This is the highest 32P activity level expected in any
of the silicon and corresponds to a resistivity of about 4 ohm cm. In
all cases, the ‘rradiated silicon will be held until the 32P activity
is l2ss t-éan the exempt concentration of ¢ x 107" uCi/gm Tisted in Szc-
tion 30.70 of 10 CFR Part 30. Table 4-1 shows the expected initial 3ZpP
level as a function of resistivity for different flux densities.

Other byproducts can be introduced by the neutron activation of
trace impurities within the lattice of the single crystals and of con-
taminates on the outer surface. The presence of some trace impurities
of only a few parts per billion in the lattice significantly affects the
resistivity or minority carrier lifetime of the semiconductor meterial




| Table 4-1

!

{

! Computer-Calculated Values of Radioactivity from 32p 4in Neutron-
| Doped Silicon and Times Required to Decay to NRC Exempt Levels
| .
1
!

Silicon Neutron Flux Radiation Redioactivity Time to Decay

Resistivity Times at Discharge to 2.0 x 107"

(Ohm Cm) (n cm™? sec™!) (Hrs) (u Ci/gm) u Ci/gm (days)
| 5 2.5 x 1013 45.0 1.70 x 10‘? 45
' 1.25 x 1013 90.0 Y.88 xW0"» 44
4.0 x 102 290 1.59 x 10-% 43
1.0 x 10%¢ 1160 1.0 x 10-2 33
11.3 2.5 x 1013 20.0 2.37 5 =" 4
1.25 .x 10%3 40.0 3.37. 3 1o°* 11
' 4.0 x 1012 123 2.93 x 10-% 8
| 1.0 x 1012 £93 £.37 5. 10" 4
! 25 2.5 X lOf? 9.0 3.35 x 10°° 0
i .48 K. J0+* 18.0 4,63 x 10°5 0
50 2.5 x 1013 4.50 5.28 x 10-6 0
1.26 x 1033 g.0 8.37 x 10°-6 0
100 2.5 x 1013  2.2¢ 7.53 x 10°7 0
1.28 % 1032 L.51 1.32 x 10-€ !
150 2.5 x 1013 B 2.34 x 10°7 0
1.25 x 1033 3.0 4.27 x 10-7 0
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and therefore, manufacturing procedures have been developed to yield

very pure crystals. In addition, the semiconductor silicon resistivity
and minority carrier lifetime are measured prior to irradiation to verify
its suitability. These measuresents provide an initial test to prevent

a piece of silicon containing more than trace quantities of impurities
foon being foradiated. Countaainales on the ouler surface of the silicon
will be removed prior to and follewing irradiation. One available clean-
ing method, which has been found to be very effective, is described in
reference (9). Also, in nearly all cases, it is practical to etch away
the surface of the silicon with a mixture of nitric and hydrofluoric
acids before processing it further. This is obviously the most efficient
way of removing byproduct material from the surface and this has been
verified experimentally. Decontamination of the surface will be performed
at the reactor facility after irradiation by one, or both, of the above
techniques to the cxem~t concentration level before releasing the material
to Monsanto.



INITIAL CONCENTRATION OF BYPRODUCT MATERIAL

As indicated in part 3, the byproduct materials are produced in
the process of nuclear transmutation doping of silicon and are not con-
tributors to the usefulness of the end product.

Surface contamination results in the greatest initial quantity
of byproduct material. The activation products of silicon are well
known with only *?P being significant and then only for the high fluence
irradiations. Activation of trace impurities within the crystals has not
been found to result in byproduct material approaching exempt concentra-
tions. The initial 22P radioactivity level is given in Table 4-1 as a
function of silicon resistivity.
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CONTROL_METHODS ON_BYPRODUCT INTRODUCTION

The device manufacturers' electrical resistivity requirements
for high purity silicon single crystals determine the neutron fluence,
and thus, the amount of byproduct material within the silicon. The
initial resistivity and minority carrier lifetinas are extremely sensi-
tive detection measurements for electrically active and neavy metals
trace impurities. These measurements are routinely performed on all
silicon crystals prior to irradiation and any abnormal impurity levels
would very likely be detected by these methods.

“ne silicon is cleaned prior to irradiation and then is wrapped
in aluminum foil and heli-arc seal welded into aluminum capsules. This
procedure reduces the surface contamination which makes subsequent
handling easier. After irradiation the silicon is checked for surface
contaminates and cleaned again at the reactor facility if contaminants
are found.

Since the doping concentration is directly dependent upon the
total neutron fluence, the irradiation time and thermal neutron flux
are controlled to within about five percent of the desiread fluence.
Therefore, the activation products of silicon can be accurately cal-
culated.
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TIME INTERVAL BETWEEN TRRADIATION_A'ID RELEASE FROM THE REACTOR FACILITY

Allowing about one wecek following irradiation for the radicactivity
in the capsule to decay before opening dictates the minimum time interval
between irradiation and shipment. The silicon will be held at the reac-
tor €241ty urtil 1t s determined that a comhination of cleaning and
radicactive decay results in all isotope concentrations being less than
the exempt concentraticns in Section 30.70 of 10 CFR Part 30. Computer
calculated decay times for a variety of resistivities and flux densities

are shown in Table 4-1,
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o et TR LT pupospn, " Ry P -
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A1l irradiated silicon will Le surveyed with a good thin window
G-M survey meter which has sufficient sensitivity to detect likely by-
products at the concentrations listed im Section 30.70 of 10 CFR Part 30.
If ro radinactivity above exempt concentrations is detacted the silicon
will be transferred from tne reactor facility to Monsanto.

If radioactivity is detectzble with the G-M survey meter, then
the silicon will be monitored with a pulse height analyzer system (see
Section 12) to identify the spacific isotopes and to determine the con-
centrations. Silicon will not be transferred from the reactor facility
to Monsanto unless the byproduct concentrations are within the limits
specified in Section 30.70 of 10 CFR Part 30.

Aftar receipt from the rcacior facility, the irradiated silicon
will acain be surveyed with a good thin window G-M survey meter and
with a flow-proportional covnter calibrated to confirm that the concen-
tralions of %P are within the 1imits specified in Section 30.70 of 10
CFR Part 30. Further processing of the neutron-doped silicon will not
be -eiTorced exzept on material within the 1imits specified in Section
30.70 of 10 CFR Part 30,




9.  POTENTIAL FOR CONCENTRATION OF BYPRODUCT MATERIALS

Since any byproduct materials which may be present serve no
useful function, there is no incentive for eryone to attempt to
scparate or collect the materials.

no prectical mechaniss has ueen identificd by waich the bypreduct

materials could be inadvertently concentrated.

-

-
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VHY_A LOWER LEVEL 1S _HOT PRACTICAL

The resistivity of the silicon semi-conductor material is in
inverse proportion to the concentration of phosphorus in the silicon.
The amount of transmuted phosphorus is directly proportional to the
total neutron. flucnca. Théiafore, W reach required resistivity, a
required fluence of thermal aoutrons is specified. This produces a
predictable amount of *!Si which decays with a half-life of 2.62 hours
to 31p. The subsequent reaction of 1P with thermal neutrons to give
32p which decays with 8~ emission (t:;5 = 14.3 days) to 32S is responsible
for the byproduct radioactivity asso.iated with irradiated silicon.
Thus the level of initial radioactivity is inversely proportional to
the desired resistivity.

With regard to impurities, the silicon stock from which the
crystals are mad2 is as pure as one finds in any incustrial production
and only ppb or Tow ppm levels of f purities are fcund in it. This is
the state-of-the-art except for research grade material. 'oreover,
routine mezsurernts made to control the quality of th2 silicon as a
semi-conductor raterial serve to indicate the presence of at least
some possible contaminants at the npb level.
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WY_THE_PRODUCT 15 %OT_LIKELY TO BE USED I HUANS

The input and product of the silicon transmutation process are
solids which are quite inert. These have at most only remote contact
with the human ingestion cycle. A1l material will be parts of elec-
tronic devices which will be external to humans. The contact with
humans will be similar to the glow discharge readouts on hand calcu-
lators and the fluorescent dials of watches.

After irradiation, surface contamination may be removed from the
bulk or wafers by etching. This cleaning, if required, will be done
at the reactor facility. A1l solvents will be handled by the reactor
facilities procedures for handling potentially radioactive wastes.
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FSCRIPTION OF FACILITIES

A.

Silicon Manufacturing Facilities - St. Peters, Hissouri

The Electronics Division of the Monsanto Comuercial Products
Company operates a fully integrated, high purity silicon manufac-
turing plant at St. Peters, Missouri. High purity polycrystalline
silicon is nroduced by the high-temnerature reduction of trichloro-
silane with hydrogen. The polycrystalline silicon is then converted
into dislocation-free single crystal silicon by either the float-
zone or Czochralski crystal growth processes. The single crystal
silicon is further processed by a variety of shaping operations to
provide the entire spectrum of physical forms required by the elec-
tronic industry, i.e., ground rod, etched rod, plain slices, etched
slices, lapped slices, polished slices or syitable combinations of
the foregoing.

In addition to Manufacturing Line Supervision, the facility
organization includes, at present, 2 Nuality Assurance Section staffed
with four professionals; a Materials Technology Group of ten professionals,
and a Safety Director vhose responsibility includes compliance with
State and federal (including OSHA) safety requirements.

Although it is not a nuclear facility, the St. Peters plant
has the physical facilities and staff personnel to carry out a rigorous
enforcement of the safety and environmental reguiations related to
the handling of exempt concentrations of byproduct material in a manu-
facturing environment.

A separate room will be maintained for the receipt of irradiated
cilicon from the reactor facility, checking it fer byproduct radio-
activity end scheduling it for further processing. A11 irradiated

terted prior o osafzaeat i1l te atored in this rogm or in another

dedicated for this purpose.



WUCLEAR REACTOR FACILITIES

It is anticipated that for the present, at least, the bulk of
the Electronic Products Division's nzutren irradiation of silicon will
be performed at the University of Missouri Pesearch Peactor located
at Columbia, Missouri. These facilities are described briefly below,
but it should not be implied that the neutron irradiation of silicon
will necessarily be limited to this single reactor facility.

The University of Missouri Research Reactor (MURR) is the highest
power, highest neutron flux reactor at a university in the U.S.A. It
is a 10 "W, 1ight water reflected flux trap reactor. The facility is
operated by the University of Missouri as a University-wide facility
and is jocated in the University Research Park, Columbia, Missouri.

The reactor was licensed by the Atomic Energy Comnission on
Octoher 11, 1063, Criticality 12s attainzd on October 13, 1966, and 2
nower level of 5 I was attairad on June 30, 1267, The present licensed
power level of 10 MW was attainad on July 18, 1974,

Two general locations ére available in the reactor for the neutron
irradiation of silicon. One of these locativns is located in the graph-
ite reflector and is capable of accomodating silicon rods or slices up
to 2-inches in diameter. The second location consists of an all-alumi-
num fixture located in the bulk pool position and is capable of accomo-
dating silicon rods or slices up to 3-inches in diameter. HNominal
thermal neutron flux densities for these locations &zre given in the
following Table 12-1.

Tehle 2.0

Thermal Neutron Flux Data

University of Missouri Rezsearch Reactor

Maximum Flux Average Flux
Position {nfcs- sec) (n/em* -sec. )
Graphite 2.5 x 10!3 2 x 10'2

Bulk Pool 4 y 1012 3 x 1012
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The following znalyzing cquipnent is availoble at the Unfversity
Reactor facility. It will be used, as required, to assure that the
byproduct levels of the irradiated silicon are within the 1imits for
exempt concentrations and that shipments to the St. Peters facilities
are within the limits for exenpt quantities.

Pulse Meight Analyzer

2 - £096 Chaanel

1 - 400 Channel Nuclear Chicago Model 37-2, with x-y plotter,

typewriter, punch tape or magnetic tape, and automatic inte-

gration
2 - 400 Channel Victoreen PIP-400, with x-y plotter, telewriter
or punch tape
1 - 400 Channel Hewlett-Packard Model 5400 A, with digital printer
1 - 256 Channel Nuclear Data Model 102, with x-y plotter and tele-
| writer
1 - 256 Channel Radiation Counting Lab !'odel 21003
1 - Automatic sample changer, MNuclzar Chicago Mocdel with 3' x 3'
i Nal detector and 100 sample capacity
1 - Putomatic Picl:r Liquid Scintillation Detector, 200 semple capa-
! city with telewriter and 3 channel refrigerated system
1 - Single Channel Nuclear Chicago Model 8725
2 - Single Channel General Electric Type NBS53A, with scaler and count
rate meter
! Scalers (Health Physics Section)
: 1 - Nuclear Chicago 'odel 8166
1 - Nuclear Chicago Model 8770
1 - Nuclear Chicago Model 8775

Detectors
1 - Nal scintillation detector, 2" x &" (flat)
1 - Nal scintillation detector, 3" x 3" (flat)

Nal scintillation detector, 3" x 3" (well-type)

Gas-flow Beta detector, Nuclear Chiczgo Model D-47

Germanium (1ithium) Gamma detector, Princeton Camma Tech (horizenz:i’,
Silicon (1ithium) x-ray detector, Ortec Model 7013-08 (vertical)
Automatic Planchet Sample Chance, Nuclear Chicago Model 1152 Specti-:
Shield, with V'ocel 2702 deczzz scaler (Health Prysics Section)

4
1
2
1
1

712738




PADIATION IMSPECTION FACILITIES AT ST, PETERS, MISSOURL

The St. Peters Silicon Plant i1l have an inspection facility
for the measurement of all ship-ents and lots of irradiated silicon
entering or leaving the site. The inspection facility will serve a
dual function: (i) to double-check znd insure that all irradiated sili-
con received at St. Peters contains no more than exempt concentrations
of bysroduct matarials prior Lo Tuwi v prucessing, and (1) that all
shipments of irradiated silicon from the St. Peters site contain no
more than exempt concentrations and quantities of byproduct materials.

The radiation inspection facility will be under the direction of
a trained radiation protection officer (see section 14) who will be
responsible for strict adherence to applicable regulations governing
byproduct materials in exempt concentrations. He will also be respon-
sible for the necessary racords pursuant to Section 32.12 of 10 CFR
Part 32.

Radiation Catec.icn Instrurznts available in the inspection faci-
Tity will consist of the follouing:

1 - Eberline Portable Gas-Proportional Counter HModel PAC-4G with

AC-21B "¢" probe and Audio Spazker Model SK-1
1 - Eberline Mini-Scaler MS-2 with HP-210 Geiger detector and
SPA-3 Gamna probe

1 ~ Victoreen Thyac 111, Model 489-4 survey meter

1 - Beta calibrztiion standard

1 - Gamma calibration standard
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OTHER MONSANTO FACILITIES

In addition to the facilities and staff at St. Peters where
irradiated silicon would be received and undergo further process-
ing, certain facilities and functions at Monsanto World Headquarters
located at 800 N. Lincdbergh Blvd., St. Louis County, Mo. are avail-
able to support the St. Peters endeaver. These include the labora-
tory operated by the Technology Planning and fvaluation Department,
Applied Sciences, of the Monsanto Industrial Chemicals Company (a
second operating unit of Monsanto Company). This laboratory is
equipped for the preparation of research quantities of labeled com-
pounds and in carrying out radiotracer work for a variety of groups
in Monsanto. It is licensed under USAEC By-Product License 24-01113-14,
Amendment 13, which allows receipt of up to 2.05 Curies of radioiso-
topes as irradiated specimens. These laborztory facilities are 2vail-
able for some radiochemical work on irradiated silicon on a contract
basis and a considerable emount of such work hzs been carried out
there. Mareover, the Radiation Officer for this Licensze, presently,
Mr. Donald B. Hines, an experienced radiochemist, is available for con-
sultation on all matters relating to radioactivity.

The following esuip=znt is located at the Applied Science Laboratory
at the 800 N. Lindbergh address and is available for special work on
determining radioactivity levels in selected samples and in calibrating
the survey instruments:

1 - Nuclear Measurement Corp. Flow proportional counter with a

tvo-inch 2 n HMylar covered window

2 - Packard Model 2365 Liquid Scintillation Spectrometer

2 - Gamma Spectremeter (Single channel)

1 - Ebarline PI™ 4.2 couipned with Hewlett-Tackard Model 210, 2"

window GM tube cetectior
1 - Victoreen 440 Ion changer for Dosimetry
Additional corporate staff functions residing at the Lindbergh loca-
tion have overall responsibility for insuring ccmpliance with govern-
mental and insurance carrier regulations for ali of ionsanto Company.
These functions incluce:




The “edicine and Cnvironmental Health Department, responsible
for industrial hygiene and the environmental impact of all Monsanto

products;
The Safety and Property Protection Section of the Central Engineer-

ing Department, responsible for certifying the adherence of all new
operations Lo llonsanco Safety standards; and

The Environmental Control Department of the Central Engineering
Department, responsible for the design and operating efficiency of

environmental control devices in operating plants.
These facilities and staff functions will be used to insure that

monitoring and control procedures are adequate to meet regulatory
requirements and protect the safety of Monsanto employees.
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PERSONNEL AND TRATHING

Al

Individuals who are presently expected to be involved in the manu-
facturing operations involving irradiated silicon and/or the radia-
tion protection program are listed along with their educational back-
grounds and pertinent esperience. In addition, all of “hese indivi-
duals have received the training described in (B) below.

Rich P, Virtue, Process Engineer, B.S.M.E. 1968, University of
Missouri at Rolla, Rolla, Missouri will have initial responsibility
for manufacturing operations.

Forrest V. Williams, Quality Assurance Manager, B.S. (Chemistry)
1946, Berea College; M.S. (Chemistry) University of Kentucky, 1949.
Ph. D. (Physical Chemistry) Northwestern University, 1953, Formal
courses included section on radioactivity in undergradual physical
chemistry and a course in Atomic Physics at the University of Kentucky.
Richard Massey, Ressarch Technician, a high school graduate, has
spent gpproximately six waeks measuring radioactivity associated
with irradiated silicon at the Technology Planning and Evaluation
Department, Applied Sciences, Lahoratory at 800 N. Lindbergh,

St. Louis, Mo. under the direction of Mr. Donald B. Hines, radiation
officer at that facility.

Bobbie D. Stone, Engineering Fellow, B.S. (Chemistry) Southern
I11inois University, 1949; Ph. D. (Inorganic Chemistry) Northwestern
University, 1952. USAEC Pre-Doctoral Fellow 1950-52. Formal courses
included two quarters of Atomic and Nuclsar Physics at Northwestern
University. In additiocn, Dr. Stone was employed from August 1952

to November 1953 at Mound Laboratory, Miamisburg, Ohio operated

by Monsanto Co. for the US Atomic Energy Cormission. His experience
there included about 4 ronths' vork with milligram quantities of
Actinium - 227.

Elmer W. Schramm, Safety Supervisor, B.S. (Marketing) St. Louis
University, 1955. He is responsible for the compliance of all
operations at the St. Peters site with all Monsanto and govern-
mental safety regulations, including thcse prescribed by OSHA.

L e
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SPECIFIC TPAINING OF PTRSOUIEL

A1) individuals listed in (A) above have completed a 3-day
radiation training seminar conducted at Monsanto Research Corpora-
tion Engineered Products Section (MRC-EP) facility at 1515 Nicholas
Road, Dayton, Ohfo. This section is engaged in the manufacture of
neutron sources. The seminar was directed by Mr. Steve Hoadley,
Health Physicist at MRC-EP. The subject matter of the seminar
is outlined below.
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2.

RADIATION SATETY TRAINING SEMINAR

[HTDARGET EAn > A
It

- " 3 L P9 £ %
ivdian = LLiiih2 BT wewi¥ioies

of radia*ion safety seminar
- introduction to MRC personne)
- tour of MRC plant

HEALTH PHYSICS

A.
B.

Basic Radioactivity - n,v,8,a

Units of NMuissurerents
1.

¥

Ge zrel “ziinitions -
KAD, Rem, mRem, etc.

Applicetion of ebsve to trace quentities
of iscicpes

Personn:1 Safety

bl

r 8
3.

£lological effects of radiation
Reciaticn Damsce limits
Regulatory requirements & why

Source rerdiing & Siorage

1. Gensrel Information - Time -
Uistance - Shielding

2. Storace - Yoc':2 containers -
belu 2l BYEEs, elc.

Shipping

1. Brief summary of shipping require-
ments, transport index, etc.

2. Specific regulations and practice

pertaining to trace quantities
of reactor induced isotopes



Iv.

e A . p 3 5 & -4
F. Veasurarent of Radioactivity

1. Types of Cevices
2. Dose Detection Davices
a) Dosimeters
b) Film Badges
¢) Correlate use of davices to
personnel safety
G. Decontanination Techniques
1. Solvents/Detergents
2. Cleaning Techniques
3. Handling of Wastes

H. State & National Regulations
1. Agreement States
2. NRC

3. Where to locate Regulations &
Inforration availeble in
Requlations.

REACTOR 1iDUCEDC RADIOISOTOPE

A. Theory - general
1. MNeutron irradiation
2. By-Products

B. Application in Silicon Industry

FORMAL TOUR OF MRC-EP FALILITIES

A, Denm
,  Demors

Safety vevices

: N .
adoand A A Covinm Bt oot o
ve2ion of Ssovce Honzline &

B. Radiation Safety Laboratory
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SPECIFIC FACILITIES FOR IRRADIATED SILICON

A specific room will be set aside at the St. Peters plant for
receiving all packages of irradiated silicon returning from the
reactor facility. A1l packages will be opened in this room and the
packages and contents checked for radioactivity. An individual
trained in the measurement of radioactivity will be responsible for
this operation as well as scheduling the material for subsequent
shaping operations. After such operations, the inventory of finished
products of the irradiated material will be stored either in this
room or another one set aside for this purpose and under the control
of the same individual.

It is not anticipated that special shielding precautions or
handling devices will be necessary since only exempt concentrations
and quantities of radiocactivity will be involved.
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REDIATION PROTECTION PROGPAM

Specific activities that will be performed routinely to protect

personnel from exposure to dangerous radiation levels are:

1.

Manitoring of all incoming and outgoing shipments of irradiated
material with epsrenefate detection equizment,

Radiation badge monitoring of the exposure of individuals involved
in the activities in (1).

Routine monitoring of the atmosphere surrounding grinding, slicing
and lapping equipment by standard air sampling techniques and sub-
sequent counting of the filter elements from the air samples.
Routine sampling of the water effluent from the plant processing
stream by standard techniques.

60622
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WASTE DISPOSAL

The St. Peters Plant uses the best practical control technology
currently available to prevent the release of pollutants into the
environment. The treatment results in a liquid stream containing no
more than 15 parts per million non-volatile solids and solid sludge
that is trucked to a landfill where it is buried promptly. Analysis
of the s0lid sluige slous it to b2 no more than 2% silicon, and hence
any solids resulting from sawing, lapping or grinding operations are
diluted at least 50 fold by other solid wastes. Both the 1iquid and
solid waste streams will be monitored routinely for radioactivity,
but no significant level is expected due to the extremely low initial
level and dilution in the waste disposal process.

71279
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MONSANTO COMMERCIAL PPODUCTS COMPANY

License No. 24=16931-22E

Pursuant to the Atomic Inergy Act of 1954, as amended; the Energy R.or;nniution'Act
of 1974 (Public Law 93-438) 10 CFR Part 30, "Rules of Ceneral Applicability to
Licensing of Byproduct Material"”; Sectiom 32.11, 10 CFR Part 32, "Specific Licenses
to Manufacture, Distribute, or Import Certain Items Containing Byproduct Material";
application dated February 23, 1976 and enclosures thereto from the licensee; a
license 1s hereby issued to Monsanto Commercial Products Company, 800 Yorth
Lindbergh Roulevard, St. Louis, Missouri 63166, to distribute licensed material
with atomic numbers from 3 through 83 to persons exempt from requirement for

license pursuant to Section 30.14, 10 CFR Part 30.

This license shall be deemed to contain the conditions specified in Section 183
of the Atomic Energy Act of 1954, as amended, and other applicable rules,
regulations, and orders of the Nuclear Regulatory Commission now or hereafter

in effect.

This license shall expire on April 30, 1981,

POR THE NUCLEAR REGCULATORY COMMISSION

ORIGINAL qreNTn 1Y
MELVIN W. SHUPE

Radioisotopes Licensing Branch
Divieion of Fuel Cycle and

Date
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D, C. 20588

BYPRODUCT MATERTIAL LICENSE

N v -
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License No. E

Pursuant to the Atomic Energy Act of 1954, as amended; the Energy Reorgani-
zation Act of 1974 (Public Law 93-438) 10 CFR Part 30, "Rules of General
Applicability to Licensing of Byproduct Material"; Section 32.L[, 10 CFR
Part 32, "Specific Licenses to Msnufacture, Distribute, or Import Certain

l1tems Containing Byproduct Material"; application dated Y ibrvarad3d 1976

letters dated v and enclosures thereto from the licensee;

a license is hereby issued to {V.i)\q ﬁ}:‘n Crpnnge: o480 d - K.",o-fw-—,

o tlortl L Do Mevar & slhlpuTe Mirond, E3i64
¢ : S,

to distribute

to
persons exempt from requirement for license pursuant to Section ,’1‘13“]‘4-

10 CFR Part&.

This license shall be deemed to contain the conditions specified in
Section 183 of the Atomic Energy Act of 1954, as amended, and other
applicable rules, regulations, and orders of the Nuclear Regulatory

Commission now or hereafter in effect.

This license shall expire on B«tﬂ s X° li L/

FOR THE NUCLEAR REGULATORY COMMISSION

-

Radioisotopes Licensing Branch

Division of Fuel Cycle and ?‘\\\d\

Material Safety

Date




