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1.0 INTRODUCTION

' The purpose of this work was to evaluate the Kansas State University

252

(KSU) multi-milligram Cf Facility, which is a part of the Atomic Energy

2Cf Market Evaluation Program. This thesis is a compil-

Commission's (AEC) &2
ation of pertinent information concerning construction, licensing, and source
handling; also an evaluation of special research projects is presented,

Plans for participation in the Market Evaluation Program commenced in the
spring, 1970, "Contract preparation and detailed proposals were prepared during
the summer, 1970, with the final contract approved in October, 1970. The final
contract is shown in the Appendix.

The scope of work of the contract included three primary objectives and

three secondary objectives. These objectives were:

1. Primary Objectives

a. Protein Analysis of Cereal Grains by Neutron Activation
Analysis

b. Cohesive Study of Electronic Materials and Components in
Nuclear-Radiation Environments

c. Quantitative Analysis of Mercury and Selected Additional
Toxic Material in Commercially Processed Foods for Humans

2, Secondary Objectives
a. Security Authentication by Neutron Activation Analysis

b. Educational Uses

c, Feed-lot Run-0ff Analysis

The contract agreed to the loan of 50 milligrams of 252Cf, at an estimated

value of $500,000. This was the largest quantity of 252Cf to be loaned in the



2
program and is the largest concentration of 52Cf in the world, outside the

AEC production centers at Oak Ridge National Laboratories and Savannah River
Operations (SRO).

Unloading, storage, and licensing of such a facility had never been
accomplished., Most of the material presented in the following pages is derived

from our own experiences, with limited literature and experience as a guide.



2.0 CONSTRUCTION

Construction of the KSU 252Cf Facility required the careful comsideration

of many constraints. Uses as outlined by the contract, monetary expenditures,
radiation characteristics, and source packaging were the primary considerations.
The goal in construction of the facility was to provide maximum flexibility for
source use, to make it inexpensive, and to insure the safety of the operating

and non-operating personnel,

2,1 Materials

The basic design characteristics were not so much theoretical, as practi-
cal in nature, Water provided the best possibilities for shielding, yet
allowing maximum flexibility in the movement and placement of the sources.
Supplementary shielding of paraffin and lead easily could be added to the
outside of many water containing structures, The Department of Nuclear Engi-
neering (DNE) at KSU possessed an unused water moderator subcritical assembly
container. This assembly included a 5 feet high x 4 feet in diameter stainless
steel tank 0,25 inches thick and a platform., Use of the tank satisfied the
first and second criteria: source handling and expense.

The third consideration of safety was still in question. Shielding
calculations indicated that safety could be insured for short periods of time,
but long term storage of the sources at the bottom of the tank was questionable.
Apparently, the sources needed to be stored away from personnel at a distance
greater than the perimeter of the tank and platform. Two options were
considered,

The first required the permanent placement of supplementary shielding

around the tank. This would create the need for a large area to locate the



facility and would require the expense of buying or casting a great number of
paraffin blocks. The second option was to alter the tank and increase the
water depth. This option required the expense of additiomnal stainless steel
pipe and welding expertise. The second option was chosen.

A five-inch diameter stainless steel pipe eight feet long, 1/16 inch
thick was welded to the bottom of the tank, Fig. 1. The storage of the
sources at the bottom of the pipe placed nearly 15 feet of water or 9 feet
of soil and 4 inches of concrete floor between the sources and personnel.

The addition of the 5-inch pipe required alteration of the KSU Triga Mark II
Nuclear Reactor (KSUTMIINR) bay floor. Checks were made for electrical conduit
and other underground structures that might interfere with the placement of the
tank. No obstacles were shown on the construction drawings and no obstacles
were found when the hole was dug. An 8-inch hole was drilled in the southwest
corner of the reactor bay floor. The hole was nine feet deep and lined with

8 1/2 feet of 1/4 inch x 7 inch diameter steel pipe. Concrete was poured
around the lining to prevent settling or movement of the pipe.

Possible contamination of the underground water supply was considered.
Construction drawings were consulted and the KSUTMIINR was shown to be located
on high terrain several hundred feet from an underwater stream. Contamination
possibilities were considered nil.

The 252Cf tank was tested for leaks in the bulk shielding experimental
tank of the KSUTMIINR. After the leak test the tank was lowered into position,
Fig. 2, Placement of the tank in this location provided easy access to the
control room and to other research facilities of the DNE, The platform was

sand~blasted, primed, painted, and placed around the tank,
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Figure 1. Completed 2532Cf Facility with 8 feet of stainless
attached.

steel pipe
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Figure 2. Plan view of the KSUTMIINR bay.



2.2 Circulation System

. The use of water for shielding required a circulation system to keep the
water deionized and clean. The bulk shielding tank of the KSUTMIINR contained
such a system and it was concluded that the system could be altered for use
with the 252Cf Facility. The circulation pump was moved to the ground level
because of efficiency. New 3/4-inch polyvinyl chloride (PVC) plastic pipe was
added to join the systems. During operation, the water circulated either from
the pump to the bulk shielding tank or from the pump to the 2520f Facility. A
schematic of the combined system is shown in Fig. 3.

The water moderator subcritical assembly container had been constructed
for water circulation. The inlet and outlet circulation fittings were already
welded to the container. The outlet fitting was located at the bottom of the
tank to allow complete drainage for special occasions. The outlet was extended
vertically to the upper water level and a swimming pool skimmer was attached for
normal circulation. Additions were made to the container inlet so that water
entered at the floor level to improve circulation. Provisions were made for
the circulation of water to the bottom of the 5 inch x 8 foot pipe to prevent
the collection of impurities at the bottom. Water can be forced to the bottom
through 3/8 inch diameter stainless steel pipe. This pipe also serves as a
guide rod for the source holder.

There are four sets of valves (1, 2, 3, and 4), Fig. 3, that are located

within the circulation system. Sets 1 and 2 contain two valves each (alb

1
and aZbZ) which control the flow to and from the 2520f Facility. Sets 3 and
4 contain two valves each (clc2 and dle) which control the flow to and from

the KSUTMIINR bulk shielding tank. For drainage of the 2520f Facility, valves

bl’ b2, and c.c, must be open with valves a

152 29 and d

d, closed. Drainage

1% & 1’ %2
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of the bulk shielding tank required that valves ajs a, and dl’ d2 be open with

valves bl, b2’ and c closed. Either arrangement is a special case and

1* %2
must be purposely set up to cause the drainage of either tank.

If the valves are set to drain the bulk shielding tank: 1) a siphon
break is located about six inches below the water line and the drain line
itself is only 2 feet long, and 2) the skimmer is in the normal path of water
flow and the water level can drop only four to eight inches before the system
draws air. _

If the 252Cf Facility is drained, the tank will drain only six inches
maximum befqre the skimmer drains air, however, by removing the pipe connecting
the filter to the outlet at the bottom of the tank (a special case), the tank
can be drained to floor level. The bulk shielding tank may overflow before
drainage is completed, The drainage of the 252Cf Facility to floor level still
leaves 7-1/2 feet of water in the 5 inch diameter stainless steel pipe. This
remaining water will provide adequate shielding from the sources,

All valves in the circulation system are easily determined as to whether
they are opened or closed. The valves are open if the handles point in the
direction of flow or are secured in an upward position. The valves are closed
if the handles are perpendicular to the direction of flow or are secured in a

downward position. AEC Compliance Division was notified of the intent to

interconnect the two tanks.

2.3 252Cf Source Holder

A l-inch thick plexiglass holder was constructed for the storage of the
sources, Fig, 4, Holes were drilled 5/16 inch deep x 3/8 inch in diameter
in the plexiglass to allow freedom of placement of the sources in differing

configurations. Pilot holes of 1/8 inch were extended through the holder at



Figure 4, Plexiglass 252Cf source holder.

Figure 5. Radiation damaged source holder.

Figure 6. New plexiglass 2520f source holder
with fewer source locations.
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each possible source location to allow the water from the circulation system
to flow upwards.

Experience with radiation damage to plexiglass indicated that such a
source holder would last for nearly omne year before replacement, In actuality,
the holder lasted only 9 months before it broke. One of the sources had to be
retrieved from the bottom of the 8-foot pipe. Damage to the holder is shown in
Fig. 5. A new holder was constructed with similar material and the same
dimensions as pefore. Fewer source locations werée provided because of the
lack of significant change in flux from configuration 1 to configuration 4,
Fig. 6.

The center of the holder contained a threaded female comnector for place-
ment of the central thimble, Fig. 7. The connector and the lower 6 feet of the
central thimble are made of 1 1/4 inch inside diameter acrytonitrile butadiene
styrene (ABS) plastic pipe. The upper 8 feet of the central thimble is made of
1 1/4 inch inside diameter PVC. The ABS does not activate as readily as the

PVC. Therefore it is more desirable to have nearer the sources.

oy 498

Cf Source Accessibility

Special features were added in order to traverse the thimble and sources
to the raised position. The top of the thimble is guided and clamped into
place by a three-pronged laboratory clamp. The fitting at the six-foot level
is utilized to prevent movement of the central thimble past this clamp.
Therefore, the sources cannot be raised higher than one foot below the floor
level of the tank without significant effort.

An electrical traversing mechanism rests on top of the tank and aluminum

cover as a second guide and clamp for the central thimble, Fig. 8. The cover

and mechanism were used with the old subcritical assembly. The electrical
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motors in the traversing mechanism move the thimble too slowly for normal use
50 the mechanism is traversed manually. This mechanism only traverses 3 feet
and must be reset, Lifting the sources to the raised position is a two-step
process. This process lessens the chances of non-experienced persomnel lifting
the sources and creating a safety hazard.

It was deemed unnecessary to keep the 2528f Facility locked because the
sources are located in the reactor bay area. This area is a controlled area
and supervisory personel are present. The added traversing features also
helped to negate the need for a lock.

Samples will be injected into the system using 1 1/8-inch plastic vials
(the same vials presently used with the KSUTMIINR). A remote control device
was constructed to aid in sample entry and removal, Fig. 9. The central
thimble is removable for changes in sample sizes or for changes from dry to
wet entry conditions.

A high intensity tensor lamp was reconstructed to provide lighting for
movement of the sources during special operations, Fig. 10. The bulb and
reflector are mounted on the end of a 6 foot long by 3/8 inch diameter stain-
less steel pipe, and are enclosed in a water-tight plexiglass shield., The
assembly is amped to the traversing mechanism and the light is placed near
the 252Cf sources when in use,

A transparent plexiglass boat was constructed to visually aid the
operating personnel, Fig. 1l. The boat eliminates the water ripples which

distort the operator's vision at the floor level of the tank, The boat fits

around the central thimble and can be pushed to the side for source movement.
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T

Figure 9. Sample entre remote control device.

Figure 10. Underwater high intensity lamp.

Figure 11. Transparent plexiglass boat.
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3.0 LICENSING THE KSU 252CF FACILITY FOR USE

3.1 License Application

Action was informally initiated for the licensing of 50 milligrams (mg)
of 2520f for KSU in April, 1970. The Radiation Safety Officer (RSO) at KSU
informed the State of Kansas Department of Health (KSDH) of the fact that the
KSU DNE would engage AEC representatives in discussions concerning the posses-
sion of 252Cf. It was suggested that the sources could be stored in an unusual
water moderated subcritical assembly container. It was also indicated that
the sources would probably be of the SR-Cf-100 series, described in the ALC
publication "(1). The SR-Cf-100 series sources are constructed in two parts:
1) The inner capsule, made of 90% platinum, 10% rhodium, and 2) The outer
capsule made of 304L stainless steel. The capsules are pressure tested and
indicate a burst strength of 52,000 psi at 25°C. Other tests are described
in Appendix 2.3.

It was further stated that the sources would be used under the direction
of."radiation safety conscious faculty members of the DNE" and would be avail-
able for campus wide research projects. It was emphasized that the letter was
not an official license application, rather preliminary communications to keep
the KSDH informed of actiomns at KSU.

As actual construction of the 252Cf Facility was initiated in October,
1970, a formal application for Radiation Safety Committee (RSC) authorization
was made, Appendix 2.1. Immediate supervisory persomnel were named and the
actual storage facility was described. The application was written to allow

maximum flexibility for movement and use of the sources within the storage

tank. The application was directed to the RSO at KSU.
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The RSO formally applied to the KSDH for Amendment No. 22 to Kansas
Radiocactive Materials License 38-C011-01, on October 19, 1970, Appendix 2.2.
The request was to receive, possess, use, and transfer approximately 50 mg
(30 curies, nominal) of 2520f. The material is to be contained in 5 sources
as described in (1). The license application proposed that leak tests of
the sources would be difficult. Therefore, a request was made to test aliquots
of water on a quarterly basis using a gamma-ray spectrometer, with continuous
monitoring using G-M tube KSUTMIINR area monitors for gross contamination.

In November, 1970, the RSC approved the proposal to receive and use 50 mg

252 . , a1
of Cf with the following conditions:

1. A liner should be placed in the pit on the outside of the

stainless steel sleeve to maintain the integrity of water
containment.

2, If the water is circulated in the system, it should be picked

up by a pump at the bottom of the eight-foot pit to insure

proper circulation.

3. The RSC should be kept apprised of changes and progress
involved in the 2°2Cf procurement.

Additional information was sent to the KSDH in December, 1970, as
requested, Appendix 2.3. The information requested by the KSDH indicated an
uncertainty with the initial request. Clarifying information was sent to
indicate performance characteristics and prototype data for the zircoloy
packeted source. A description was made of the device for raising, lowering,
and securing the sources in the tank, plus procedures for controlling unautho-
rized personnel when the sources are raised. Anticipated dose rates (1) at the
tank surfaces were indicated. A complete description of the water system for

252

the Cf Facility was presented, Sensitivities for detection of a ruptured

source were given and emergency procedures were outlined., The tank dimensions
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were restated and unlocading procedures were discussed. Operating procedures
were reiterated and leak tests versus activation products in water were
reviewaed. The KSDH again wrote in reference to Amendment 22 in January, 1971.
They requested the following additional information: |

1. A description of the mechanism for raising and lowering the
sources. (This should include drawings and a bill of materials.)

2. A description of the tong mechanism to be used for source
manipulation.

3. An indication of the magnitude of leakage that could be detected
in both still and circulating water systems.

4. Any indication of the location of the proposed tank in relation
to permanent or semipermanent work stations for reactor personnel
or experimentors.

5. An estimate of the weight which the tank cover will be able to
support. (Will the facility design be such that it will be
required or convenient to use the cover as a support for
equipment or personnel?)

The reply to these questions is contained in Appendix 2.4,
Amendment No, 22 was finally approved on January 20, 1971 (Appendix).
It .would have been advisable to invite the KSDH to visit the 252Cf Facility

while it was being constructed. Perhaps verbal communication and direct

exchange of ideas would have speeded the approval of the amendment.

3.2 License Amendments
Telephone communications with the SRO office in February, 1971, indicated
that one of the fabricated sources to be received at KSU was larger than the
prescribed 10 mg. Application for Amendment No. 23 was made by the RSO to
increase the source strength of the individual 2520f sources from 5.2 curies
each, to 6.0 curies, Appendix 2.5. Approval for the amendment was granted in

early March, 1971 (Appendix).
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In late March, 1971, the RSC discussed the fact that there was no record
of the Compliance Division of the AEC having been advised of our intent to
interconnect 252Cf and KSUTMIINR bulk shielding tank. The RSC was informed
of the steps taken to guard against inadvertant faulty valving which might
drain either the bulk shielding tank or the 2520f Facility. Section 2.2
provides a complete explanation of the circulation system.

The 2520f sources arrived April 15, 1971, and information sheets concerning
each source were sent from the SRO office (Appendix). One source was identified
as being constructed of a stainless steel outer capsule. This required that an
additional license amendment be requested.

Amendment No. 25 was requested from the KSDH in May, 1971 (Appendix).

The request permitted the possession and use of a 252Cf source encapsulated
in stainless steel. The request also asked permission that all operators of

25

the 2Cf Facility to be certified to be approved by a subcommittee of the RSC.

Approval of Amendment No. 25 was granted on May 20, 1971 (Appendix).

.

3.3 KsU 252Cf Facility Monitoring Procedures

Because of the large source strength of the 2520f sources at KSU, special

monitoring arrangements were made. Normal neutron source monitoring procedures

at K5U required a direct wipe test of each source. Such a wipe test of the

252 ;
Cf sources would constitute undue danger to the monitoring personnel.

The following is the procedure for the weekly 2520f Facility check:

1. Begin circulation of 252Cf Facility water on each Monday
morning.

2, Open all valves to the tank and close all valves to the bulk
shielding tank. 252

3. Check the water level in the Cf Facility for proper intake
into the skimmer.
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4, Circulate water for 24 hours.

5. Monitor the ion exchange column of the system with the Texas
: Nuclear Model 9149 NEMO detector.

6. Record the reading at the back of the log book.

T Turn off the system and close all valves.

252 ;5
The following is the procedure for the quarterly 2 Cf Facility check:

1 Circulate the facility water for 24 hours as in the weekly
check.

2, Remove a sample of at least 15 ml of water from the tank.

3. Analyze two 5 ml portions by gamma spectroscopy with the

Packard Tri-Carb Model 3375 Liquid Scintillation Spectrometer

(PT-CS). Compare the results to a 5 ml sample of top water.

Measure two 2 ml portions of original smaple into glass

counting vials.

Add 20 ml of dioxine flour to each sample.

Prepare a similar tapwater sample.

Place all three samples in the PT-CS and allow to cool.

Count the samples and compare results.

Record the results in the back of the log book.

Place a copy of calculations in the brown envelope in

the back of the log book.

o~

O W oo ~oyn
.

The 2520f Facility can be used for Neutron Activation Analysis (NAA), as
well as for other purposes. A log book has been established to record all uses
of the 2520f sources, A combination of procedures similar to those for the
KSUTMIINR and the KSU Gammacell 220 Facility are followed. For example the
procedures for NAA are:

Estimate the source strength of the isotope to be produced.

Record the name of the facility operator.

Record the name of the project.

Indicate the source configuration.

Record the number of samples and the sample material. Place

the samples in the plastic vial.

Record the time of insertion into the central thimble.

Record the time of removal from the central thimble.

Record the dose rate at the surface of the plastic vial.

If the dose rate is very large, indicate the dose rate at

1l meter.

10. Wipe the sample with filter paper and monitor the paper with
the Nuclear Chicago Model 1619A detector.

11. Record the counts per minute from the wipe sample.

12, Record the total irradiation time,

v~

OO0~
. e w



For operations other

Record the name
Record the name
Indicate source

Record the dose

o~ Ot Pl b
.
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than NAA, the procedures are:

of the facility operator.
of the project or nature of operation.
configuration (or single source(s) involved).

Record the number of samples and the sample material,
Record the beginning time of the operation.
Record the ending time of the operatiom.

rate of the sample and/or working area.

Record the total operation time.
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4,0 TRANSPORTATION AND UNLOADING

4.1 Transportation Arrangements

Arrangements for transportation started months before the sources were
fabricated. Several private companies, e.g., Monsanto, ATCOR, Inc., and
Protective Packaging, Inc., were contacted in order to locate adequate shipping
containers, All replied that a Type B shipping container suitable for these
sources was unavailable, however, plans were being made for the fabrication of
a shipping container to meet requests for shipping these large sources.

The unavailability of shipping containers from private industry turned our
attention to the AEC and their casks. Arrangements were made for use of the
AEC Americium-Curium U(D38) Shielded Shipping Carrier (AECACSSC) commonly called
the "Cannonball." The Cannonball weighs 28,800 pounds and is attached to a
complementary trailer.

After deciding on a shipping cask, carrier arrangements were necessary for
the actual delivery. Tri-State Motor Transit Co. of Joplin, Missouri, was con-
tacted for the job because of their known capabilities and the lack of local
trucking firms that were qualified for such a move. Tri-State quoted rates:

Loaded Container - Savannalh River, S. C. to Manhattan, Kansas
32,000 Pound Minimum - 310¢ per hundred

Empty Container - Manhattan, Kansas to Savannah River, S, C.
Return within 24 hours

24,000 Pound Minimum - 91¢ per hundred

Return exceeding 24 hours

24,000 Pound Minimum - 200¢ per hundred

Special arrangements were necessary because Tri-State was not licensed to
deliver radioactive materials to Manhattan, Kansas. An Emergency Temporary
Authority (ETA) was applied for with the Department of Transportation (DOT).

ETA approval was granted and numbered R-341. The DOT shipping permit number
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was 6323. This document is displayed in Appendix 5. Mileage was stated at
1068 miles with an average speed of travel of 35 mph. Estimated travel time

from Aiken, South Carolina, to Manhattan, Kansas, was 30 hours.

4.2 Unloading Arrangements

While arranging for transportation, equipment for unloading was
constructed., J. P. Faraci (2) indicated that the sources would be shipped
with an attached magnetic eyelet, Fig. 12. Eight to ten feet of string would
be tied tﬁ the eyelet of each source.

A l-inch in diameter bamboo pole, 9 feet long, Fig. 13, was adapted for
carrying the sources from the Cannonball to the 252Cf Facility., A lead cup was
attached to one end by a three-pronged laboratory clamp and duct tape. Aluminum
string guides were also taped to the pole. A PVC cap was taped to the opposite
end of the pole for the comfort of the pole handler. String from the source was
to be tied to additional string on the pole. Then the source would be drawn
inside the lead cup. Finally, the string would be secured on the anchor.

Two additional devices were necessary for the cutting of the string once
the sources were placed inside the tank. A holding device, Fig. l4, was con-
structed of 3/4 inch diameter aluminum pipe, 6 feet long. A flat steel tip
was brazed to the end of the pipe. This device was to be used to hold the
252Cf source firmly on the tank floor while the string was cut from the
magnetic eyelet, The second device, the cutting tool, Fig. 14, was made
from 3/4-inch diameter aluminum pipe, 6 feet long. A tile cutting blade was
attached to the end by duct tape.

A magnetic pickup tool was constructed for normal handling of the sources,

Fig. 15. A metal scriber with magnetic tip (Sears, Craftsman No. 4001) was

purchased. The scriber case is made of aluminum. The scriber tip was removed
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Eyelet holder to be used
with "shakeproof" type
1210-00 lock washer

0.D. modified to 0.365".
Strong, flat, nylon
electrical lacing cord,
1/8 inch wide, or equal,
should be used with
eyelet. A fishermans clinch,
a bowline, or equal knot
should be used to attach
line to eyelet.

0.156 DRILL
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Figure 12, Cf source magnetic eyelet.
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Figure 14.

2526f source unloading holding device
(right) and cutting tool (left).

Figure 15. Magnetic pickup tool.
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and the remaining case and magnet was brazed to four feet of 1/4-inch diameter
stainless steel pipe. Three additional feet of the pipe were attached by a
stainless steel swage lok fastener.

This tool was reconstructed nearly a year later, by replacing the 1/4-inch
diameter stainless steel pipe with 7 feet of 3/8-inch diameter stainless steel
pipe. A grooved handle was added for better gripping. The heavier pipe pre-
vents the pickup tool from bending and better control of the magnetic tip is
possible for source manipulation.

Arrangements for unloading were also being made by the SRO personnel. The
Cannonball was being adapted for the shipment of four 10.0 mg 252Cf sources. A
set of working drawings of the AECACSSC assembly before alteration is shown in

Appendix 6. Alterations were made on the inner plug of the shipping carrier,

Figs. 16, 17, and 18.

2520f Source Unloading

4.3

Three weeks prior to the actual unloading, procedures were outlined,
Tagle 1, and trial runs were conducted. The procedures were outlined for
maximum safety in case one of the sources was dropped enroute from the carrier
to the tank. Sheet plastic was placed under the reactor bay stairway which led
to the reactor bay floor so that a dropped source would slide to one location at
the bottom of the stairs. A backup man carried the magnetic wand for use in
retrieving a dropped source. The source was to be placed in the bulk shielding
tank if dropped before reaching the reactor bay stairway. Arrangements were
not made for the possibility of separation of the eyelet from the source. This

should have been considered because recently others have received sources in

this condition.
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Figure 16. 252Cf adaptation to AECACSSC inner plug 304L SST flange.
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Figure 18. 252Cf adaptation to AECACSSC polyethylene well plug.
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TABLE 1

252

Unloading Procedures for Four 10 mg Cf Sources from DOT 5P No. 6323

b o N
L]

11,
12,
13,
14,
15,
16.

Ly
18,
lgl

20.
21.
22.
23,
24,
25,
26.
27,
28.
29,
30.
31.

Review shipping cask specifications and talk through the procedures.
Insure that the KSUTMIINR is shut down and open the outside doors.
Survey cask and begin wipe tests.

Remove 12 nuts from the 18" diameter cover plate and break seal wires.
Remove cover plate.

Loosen 8 captive bolts from the 6" diameter, 2" thick, plug flange
located in the top well below the cover flange.

Remove the 6'" diameter plug flange with captive bolts.

Determine which position contains the 8.45 mg source, tie strings
together, and trim up knot.

Test the knot to assure a good tie, and remove the 3/8" diameter
polyethylene shielding plug.

Take a wipe test of the shielding plug.

Clear all personnel from the top of the cask and to a distance of at
least 15' from the pathway along which the source is to be carried.
Pull the string until the source is inside the lead cup, and wrap the
string around the anchor.

Carry the source to the tank, unwrap the string and drop the source
into the water.

Two assisting personnel follow the carrier, and move onto the platform
at the signal, "source is down."

One assistant places the magnetic tool in position, while the other
secures the source on the tank floor with the holding tool.

The first assistant moves to the far side of the tank and pulls the
source string tight.

The source carrier cuts the string with the cutting tool.

The second assistant removes the holding device and the bamboo pole.
The source carrier places the source in the specified location with the
magnetic tool.

Read out all EG&G TLD body dosimeters.

Prepare the bamboo pole for the next carry.

Reclaim dosimeters.

Replace the polyethylene plug.

Repeat steps 8-23 for the 10.48 mg source.

Repeat steps 8-23 for the 11.14 mg source.

Repeat steps 8-23 for the 10.79 mg source.

Replace the 6" plug flange.

Replace the 18" cover plate.

Remove all radicactive labels from the cask body and trailer.

Place two "EMPTY" labels, 180° apart, on the body of the cask.
Return carrier and cask, as soon as possible, to:

E. I. du Pont de Nemours & Co.
Savannah River Plant
Dunbarton, South Carolina
Attention: R. H. Hobert
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The total trial-run time required for the unloading of one source was
90 seconds, This time was composed of two major parts: 1) lifting out of
the cask to dropping into the tank (30 seconds), 2} dropping into the tank
to placement into the holder (60 seconds). The dose for eéch part was esti-
mated to be 53.2 mr. Total dose for the transfer of all four sources was
estimated to be approximately 215 mr. This represented approximately one-sixth
of the total allowed quarterly dose as specified by State of Kansas regulations.

The actual shipment left SRO at 10:40 a.m. EST, April 12, 1971. The truck
drivers called at 1:43 p.m., on April 13, 1971, from Moran, Kansas, estimating
their arrival time at 5:30 p.m. that afternoon. The carrier actually arrived
at the KSUTMIINR at 6:20 p.m., Fig. 19.

The cask was surveyed by the RSO at KSU. Assisting in the survey was the
Health Physicist from the KSDH. A Nuclear Chicago Model 2588 survey meter was
used to detect the 15-20 mr/hr (gamma-ray dose rate), at the surface of the
cask. A contribution of 10-15 mr/hr (neutron dose rate at the surface) was
detected by a Texas Nuclear Model 9149 NEMO detector. The top of the cask was
measured to have 1-2 mr/hr neutron dose rate at the surface.

Once the preliminary surveys were made, the unloading instructions from
SRO were reviewed. The seal on the cask was broken and actual unloading pro-
cedures began., Additional surveys were made after the removal of the 18-inch
diameter cover plate and the 6-inch diameter, 2-inch thick plug flange. The
gamma contribution was 20-25 mr/hr (at the surface) on the top, with the cover
plates removed, Fig. 21. Using a Cd covered G-M tube, the neutron contribution
was 4=5 mr/hr at the surface. In addition to the surveys, smear tests were
made on several areas of the cask, A PT-CS was used to analyze the tests. The

results of the smear tests are summarized in Table 2.
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Figure 22.

Figure 25.
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Left). AECACSSC and Tri-State Motor Transit Carrier.
Right). Top view of AECACSSC with cover plates removed.
Left). Wipe test of AECACSSC polyethylene shielding plug.

Right). Lifting 252Cf source from AECACSSC.

Left). 252Cf source carry.

Right). 252Cf source drop into tank.

Cutting of string and placement of 252Cf source into
holder.
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TABLE 2

Summary of the Cf Source Unloading Smear Test Results

Disinte-
Smear Location Net Conversion grations Curies+
No. Counts¥* Factor per Minute (10'3)
(dpm) *#*

1. cover plate

bottom 9 0.47 18 0.08
2. AECACSSC rib

surface 185 0.42 440 0.20
3. 6" flange

bottomn 25 0.52 48 0.02
4, 6" flange

bottom 136 0.50 272 0.12
5. 8.45 mg

polyethylene

plug end 92 0.52 184 0.08
6. 10.48 mg

polyethylene

plug end 115 0.51 230 0.10
7. 11l.14 mg

polyethylene

plug end 120 0.52 240 kL
8, 10.79 mg

polyethylene

plug end 406 0.50 812 0.37

%75 counts total background

Net Counts
Conversion Factor

**dpm =

dpm
2.2 x lO6 dpm/uc

Curies =
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Actual unloading was conducted without any major problems and the estimates
of total dose proved to be generally in excess of those actually measured. The
three personnel directly involved with the source transfer were monitored with
EG&G, TL-15, neutron sensitive body dosimeters. The dosimeters were attached
to the unloading personnel before surveying the cask and removal of the plugs.
They were read out after first transfer and after each of the other transfers.
The results are summarized in Table 3.

The reason for the high first read-out is believed to be due to the
exposure from the cask and the fact that the dosimeters were not zeroced immedi-
ately prior to the unloading task. Nearly one hour was spent in surveying and
removing thé plugs in preparation for the first carry. The total dose recorded
for each of the personnel should probably be at least 50 mr less than shown,
because of the inordinately high dose of the first readout.

The personnel also wore two neutron sensitive film badges. No significant
dose was received according to the film badge results which are shown in Table 4.

The total time for unloading was much less than anticipated in the trial
runs. Lifting out of the cask to dropping into the tank, took only 20 seconds
on the average, Placement into the holder took about 45 seconds or more.
Average moving time for each of the four sources was 65 seconds.

Only three minor problems were encountered. The placement of the second
source took extra time because the eyelet adaptors were so long that the
magnetic wand attached near the center of the source, caused the source to
be at a 90° angle to the wand. The source had to be brushed against the 5 inch
diameter pipe wall before insertion into the holder. The second problem was
that the knot connecting the string from the source to the string of the bamboo

pole did not pass through the string guides. The source was not on the bottom



Summary of the EG&G, TL-15 Body Dosimeter Results

TABLE 3
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Name 2520f Source Body Location ?ose Tatal Done
. mr) (mr)
Roberts 8.45 mg Neck 101.0 181.2
Waist 126.0 293.5
10.48 mg Neck 29.8
Waist 56.5
11.14 mg Neck 22.4
Waist *
10.79 mg Neck 28.0
Waist 117.0%*
Hoffman 8.45 mg Chest 186.0 248,6
10.48 mg Chest 25.4
11.14 mg Chest 18.1
10.79 mg Chest 20.0
Brown 8.45 mg Face 109.0 154.0
Waist 111.0 199.5
10,48 mg Face 16.0
Waist 16.0
11.14 mg Face 14.5
Waist *
10.79 mg Face 14.5
Waist 72,5%%

*Dosimeter not read out.

**Total dose for 11.14 and 10.79 mg sources.



Summary of the Film Badge Radiation Dosimetry Reports

TABLE 4
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. Exposure Period Dosimeter

Name Bnale body) Type Total Dose

Roberts 4/01/71 to 4/14/71 N* M
4/01/71 to 6/30/71 JHk M
4/15/71 to 4/31/71 N M
4/01/71 to 6/30/71 J M

Hof Frian 4/01/71 to 4/14/71 N M
4/01/71 to 6/30/71 Jk* M
4/15/71 to 4/31/71 N M
4/01/71 to 6/30/71 J M

Browit 4/01/71 to 4/14/71 N U
4/01/71 to 6/30/71 Jxk M
4/15/71 to 4/31/71 N M
4/01/71 to 6/30/71 aq M

*Fast neutron - body film badge.

*%Regular beta-gamma body film badge.

+ e 2
Exposure below minimum quantity measureable.
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of the tank when personnel approached the source to cut the string. Wo
noticeable increase in dose was measured. To prevent this from happening,
the guides on the pole should be made larger, and at least 15 feet of string
should be attached to the source before loading., |

The third problem was psychological rather than mechanical in nature.

The low-level alarms which are used to monitor the reactor bay had not been
adjusted to sound at a higher level. As the first source approached the double
doorway, all the alarms sounded, which resulted in noticeable increase in the
speed of the unloader. This caused a general increase in nervousness of all
three unloaders. It may have caused difficulty in clear thinking if a serious
accident had occurred,

The sources were unloaded and the carrier was started on the return trip
within 2 1/2 hours after arrival. The largest quantity of 252Cf in the Market
Evaluation Program (40.86 mg) had been unloaded. Figures 19-25 illustrate the
unloading procedure. Super-eight millimeter movies were also made and can be
viewed via special arrangements with the Department of Nuclear Engineering,

Kansas State University, Manhattan, Kansas 66506,
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5.0 FLUX MEASUREMENTS

S.i Cadmium Ratio and Thermal Neutron Flux Measurements by Indium Foils

The purpose of the work of this section was to determine the cadmium ratio
and the thermal neutron flux provided by 40,86 mg of 252Cf in a water moderator,
The date of determination was Jume 1, 1971. Two source configurations were
considered, Fig. 6.

Indium foils were positioned in the central thimble by means of polysty-
rene vials, Fig. 26, To minimize shadowing effects, the foils were positioned
at least five inches apart along the vertical axis. Half of the foils were
covered with cadmium on both sides. The remaining foils were covered on both
sides with aluminum. The foils were irradiated a minimum of seven hours to
saturate 116In production. Delays of up to five hours were necessary because
of the high activity of those foils closest to the californium sources. The
four foils from positions 45.72 to 76.41 cm were counted after 3 minutes
allowing only for decay of the 14 second isomer. All of the foils were counted
with # 3 x 3 Na I(Tl) detector and a TMC Model 402 Multichannel Analyzer for a
counting efficiency of 33%. The definitions and equations for the calculations
are shown in (13).

The results of the cadmium ratio measurements are plotted and shown in

Fig. 27. The thermal fluxes for both configurations are plotted and shown in

Fig. 28. The peak thermal flux is 4.014 + 0.002 x 107 n/cmz—sec.

5.2 Neutron Flux Measurements with Scandium Oxide
The purpose of the work of this section was to determine the neutron
flux provided by 40.86 mg of 2520f in a water moderator. The date of

determination was June 1, 1971. Two source configurations were considered,

Fig. 6.



Figure 26.- Polystyrene vials used for indium foil placement.
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Scandium oxide was weighed into polyethylene vials and positioned in
the central thimble. The vials were irradiated and then counted using a
25 ce, Ge(lLi) detector and a TMC 4096 Multichannel Analyzer. Table 5 is
the summary of experimental data for configurations 1 and 4.

A computer program was used to calculate the areas under the three
peaks. The definitions and equations for the program are shown in (19).

The values for both flux determinations are summarized in Table 5. The
average calculated flux for configuration 1 is 4.76 x 108 n/cmz—sec. The flux
versus time is shown in Fig, 29. Also shown is the thermal flux as determined
by the cadmium ratio technique. The difference between the two measurements.is
due to epithermal and fast neutrons. The flux measured by the cadmium ratio
technique was determined by the thermal neutron contribution. The resonance
peaks for scandium oxide were for both thermal, epithermal, and fast neutrons.
Therefore, the neutron flux determined by the sum peak methed is higher than

the flux determined by the cadmium ratio technique.
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TABLE 5

Summary of Experimental Data for Configurations 1 and &

Sample No. Weight Irradiation Time Decay Time Counting Time  Flux Values
(grams) {minutes) (minutes) (minutes) (108 n/cm?-sec)

Configuration 1

1601 © ,2081 148: 11,000 50 4.69
1006 .0675 107 71,000 120 4,68
1007 .2081 148 80,000 120 4,86
1008 0675 107 73,610 120 5.16
1009 ,2081 148 83,003 120 4,42

Configuration 4

1005 .0966 240° 46,000 120 4.05
1010 .0966 240 52,156 120 3.63

%May 25, 1971
PMay 31, 1971

€June 17, 1971
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TABLE 6

Reference Sample Material and Weights

46

£ 1/2 Depree of Wt of Gamma-Ray
A El Z , .. Compound Compound Energy
(minutes) Sensitivity Casiiig) (keV)
1l Na 24 900.00 0.00059 Naz(SOH) 1,0853 2754.14
: 1368.53
12 Mg 27 9.50 0,0059 Mg0 0.4101 1014, 40
843,76
170.82
13 Al 28 2.27 0.1013 Al,04 0.7478 1778.89
17 C1 38 37.20 0.0410 NH,C1 1.1922 2167.60
0.014 1642.70
20 Ca 49 8.70 0.0396 CaO 0.6177 3084.49
22 Ti 51 5.76 0.00507 Ti0 0.5027 929,29
608.55
321.41
25 Mn 56 154,00 0.0134 MnO» 0.2498 2112.60
1811.20
846.60
29 Cu 04 765.00 0.0000204 Cu 0.7503 1345.76
. 511.00
51 Sb 122 4,20 0.00531 Sb0j3 0.2507 1256.83
3945,00 1140.60
692.76
564.08
66 Dy 165 141,00 0.0364 Dy,03 0.0104 715.40
0.54 633.50
361.70
279.76
94,70
72 Hf 180 330,00 Hf 0.1493
72 Hf 181 6105, 60 0.00967 HE 0.1493 482,96
345.95
136.25

133.05
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6.0 SECURITY AUTHENTICATION BY USE OF NEUTRON ACTIVATION ANALYSIS

6.1 Purpose of Experimental Work
The purpose of the work of this section was to determine the feasibility

2520¢.  The feasibility

of security authentication by use of NAA with
hypothesis is as follows:
Each security would be encoded by a combination of readily
detectable elements. This combination would be properly recorded
but known only to the proper authorities. When the securities are
redeemed or transferred, verification of authenticity could be
252

obtained by a very short irradiation using Cf followed by a

short scanning count to interpret the security's code.

6.2 Sample Preparation and Procedure

A set of reference sample materials were weighed and placed in polyethy-
lene vials, A list of the materials and their weights is found in Table 6.
The weight for each sample was estimated in terms of the cross-section, the
isotopic abundance, and the source strength of the KSU 2520f Facility.
Irradiation times were selected for a minimum amount of time in order to
illustrate the usefulness of the technique. Authentication by this method
requires that customer delay be held to a minimum.

The samples were irradiated for 5 minutes and counted for 2 minutes with
a 25 cc lithium-drifted germanium (Ge(Li)) detector and accompanying Technical
Measurements Corporation 4096 Multi-Channel Analyzer. The data were stored on

magnetic tape and the computer program CONVERT (20) was used to transfer the

data to punched cards. The computer program REFS (20) was used to normalize
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the data. Tae normalized data were placed in graphical form by a Calcomp

plotter program. The resulting plots are shown in Figs. 30-40.

0.3 Results
Best results were obtained from two elements: dysprosium and hafnium.
}. .ther element is present in paper samples (3). Both elements could be
dissolved in ink and placed on the matrix during the printing process. The
two elements have the favorable characteristics of a large neutron cross-—
sectiqq\gnd a short hali-life.

Hve minute irradiation of 0.0104 gm of dysprosium and a 2 minute count
netted approximately 80,000 counts in each of the two prominent gamma-ray peaks.
A similar irradiation and count of 0,1493 gm of hafnium netted some 900 counts
in two prominent gamma-ray peaks. Approximately 0.01 to 0,15 mgm of dysprosium
will be needed for detection in a paper matrix. Detection of hafnium will
require the concentration of approximately 0,1 to 1.5 mgm of material. The
use of a NaI(Tl) crystal and refined data analysis should enhance the detection

limits for both elements.
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7.0 PROTEIN DETERMINATION OF WHEAT BY CAPTURE GAMMA-RAY ANALYSIS

7.1 Introduction

The purpose of the work of this section was to develop a method of protein
determination by capture gamma-ray analysis. The importance of this study is
to aid in the development of an in situ protein analysis system for use by
grain elevator operators. The specific task was to accurately determine the
amount of nitrogen and sulfur present in a wheat sample. This study is based
on the determinations of nitrogen and sulfur ratios and their relatiomnship to
protein quality (4).

The Kjgldahl method is the best method for determining protein quantity in
wheat (5). This technique requires more than 2 hours for a single sample and
costs $1.50 to $2.00 per sample. Two to five grams of sample are needed for
the analysis and check, The Kjeldahl method is a destructive test, i.e., all
of the sample is destroyed. The nitrogen determined is expressed as protein by
multiplying by a conversion factor of 5.7 (1 gm gluten protein/l gm nitrogen).
The precision of the analysis for protein ranges from .l to .2 per cent, e.g.,
12,0 + .1 for an optimal analysis arrangement.

The percentage of protein is usually normalized to a sample moisture of
14% for multiple sample comparison. The moisture of wheat at harvest time is
generally close to 14% and decreases with storage time. The nitrogen and
sulfur are generally present in the sample in a weight percent of approximately
2% and .27, respectively (6).

Neutron capture gamma-rays are usually emitted when a neutron is absorbed
by the nucleus. These capture gamma-rays, which are emitted within about 10—14

sec, vary from a few keV to about 11 MeV in energy (7). This method is
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considered rapid because the irradiation and counting are simultaneous., DBulk
samples can be analyzed because the neutrons and emitted photons are penetrating
radiations.

The nitrogen 5.267 MeV gamma-rays are emitted in about 257% of the capture
events (7). The sulfur 5.420 MeV gamma-rays are emitted in about 427% of the
capture events (7). Both of these energies are in the mid range of the capture
gauma-ray spectrum, but of the elements of significant weight per cent in wheat
(6), only potassium (5.38 MeV, 7.30%) has a prominent capture gamma-ray within
100 keVv.

’ The high resolution of the Ge(Li) detector could certainly resolve the
wheat spectrum for analysis. The average spectrum peak spread is 10 keV.
Analysis with a NaI(Tl) detector decreases the resolution capabilities.
Nominally the peak spread is 100 keV. A faster analysis can be obtained by
using the NaI(T1l) detector because of greater counting efficiency (=2.5%). A
25 cc Ge(Li) detector is approximately a factor of 0.03 less efficient (=0.075%).

* In this particular study, the accompanying counting equipment will be a
multichannel analyzer with associated pulse shaping electronics and analysis
computing equipment. Ultimately, single channel analyzers would be effective
for collecting data for the desired energy peaks.

Two capture gamma-ray techniques are discussed by D. Duffey (8). The first
technique, known as the internal geometry technique (INGT), places the sample
near the source, and the detector facing the sample and source, Fig. 41. The
INGT results in more gamma-rays from the sample, but with a loss in the solid
angle viewed by the detector. A water or paraffin moderator is placed between
the sample and source, and the detector. This technique can be used in the

determination of sulfur in a coal stream analysis (9). The second technique,
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known as the externu. geometry technique (EXGT), places the sample in a flux
some¢ distance from the neutron source, and the detector perpendicular to the
neutron beam, Fig. 42. This technique is used in the determination of elemental
capture gamma-ray spectrum (7). The EXGT allows more flexibility in changing
the experimental arrangement, but with fewer gamma-rays emitted from the sample.
The INGT requires a neutron emission rate of %108 n/sec and the EXGT utilized a

. o iz
neutron emisslion rate of '\ilo I‘A/SEC.

7.2 Experimental Work with the KSU 252Cf Facility

First attempts for protein determination in the KSU 252Cf Facility were
made with the INGT. Approximately .05 pounds of wheat were placed at varying
distances from a 252Cf source. The source was placed at the floor level in a
plexiglass holder. The sample was contained in a polystyrene sample vial. The
30 cc Ge(Li) detector was placed in a hole in the reactor bay floor so that the
crystal was 1 meter from the source. Approximately 24 inches of water was
between the source and the detector. All results from this setup were incon-
cl;sive pecause the 2.2 MeV hydrogen peak was the only visible capture gamma-ray
peak. The live time on the detector was approximately 10%. This low live time
indicates that the detector was essentialiy inoperable due to the very high
background of source and hydrogen capture gamma-rays. Additional shielding for
the detector was added both inside and outside the tank but the results were
the same, with the live time increased to approximately 257%. After many
alterations of the basic INGT setup, the technique was abandoned for the EXGT.

The EXGT first utilized the Ge(Li) detector in the same lgcation but
turned perpendicular to the neutron beam. Later the NaI(T1l) detector was

utilized to increase the distance from the neutron source. Live times were

increased to approximately 50% with the detector 6 feet from the sources and
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with large amounts of paraffin and lead shielding. The many variations of
tie EXGT included attempts to construct a tangential beam port with graphite
to improve the neutron to gamma-ray ratio. All results were inconclusive with
only the hydrogen peak present. |

The lack of measureable progress with the KSU 252Cf sources prompted the
development of a capture gamma-ray system with the KSUTMIINR. The NaI(TL)
detector was placed in the EXGT configuration outside the thermal beam port of
the KSUTMIINR. A 3 1/2 pound sample of aluminum was placed in the neutron beam
and power levels were varied to determine the optimal neutron flux. A power
level of 20_KW for 40 minutes produced detectable aluminum capture gamma-ray
peaks of 7.724 MeV. A 4 pound sample of wheat was placed in the neutron beam
for 40 minutes and tlie 10.82 MeV peak was detected. The limited success of the
reactor experimental work indicated that nitrogen determination in wheat is
possible but the 252Cf sources are not the correct size for such analysis. The
sources are too large for the INGT and too small for the EXGT. An improved
detection system is also deemed necessary for satisfacto;y nitrogen and sulfur
determination with the KSUTMIINR.

The lack of a smaller source and improved detection equipment necessitated

the remainder of this work to be performed at the United States Bureau of Mines

(80M) at Morgantown, West Virginia.,

7.3 Experimental Work with the Bureau of Mines
Arrangements were made with the BOM to conduct protein measurement studies
; B, . 252 3 v
of waeat with the 45 ugm, stainless steel encapsulated, Cf source, This
source was on loan to the BOM under the Market Evaluation Program from SRO.

The experimental arrangements were for the measurement of the content of sulfur

in coal.
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The Kansas Wheat Improvement Association, Manhattan, Kansas, shipped
three, approximately 500-pound lots of wheat to the BOX in early April, 1972,
The test information concerning the three samples is foundlin Table 7. Protein
analysis by the Kjeldahl method were obtained from samples taken before and
after the capture gamma-ray analysis at the BOXM., The Kjeldahl tests were
obtained from two locations and the resuits, corrected for moisture, are shown
in Table 8. Because of the consistency of the results from the Kansas State
Grain Inspection Department (KSGID), Topeka, Kansas, these figures were used
in comparision to the capture gamma-ray determinations.

A schematic of the BOM experimental arrangement is shown in Fig. 43. A
summary of the electronic components is found in Table 9. The pulse shaping
electronics were used to allow the multichannel analyzer to receive meaningful
data from a detector counting at the rate of greater than 300,000 counts/sec.
In so doing the resolution of the Nal(Tl) detector was poorer than normal and
the data between 2.5 MeV and 3.5 MeV was of questionablie integrity. However,
this system has had a long development period and significant results from
coal analysis have been obtained. Therefore, it was found that all of the
coal work could be relied upon for preliminary work with wheat. In fact, the
wheat spectra collected were very similar to coal spectra, except the wheat
spectra did not have the prominent sulfur 5.420 MeV peak.

The detector is a 6" x 7" NaI(Tl) detector, and is surrounded by a shield,
Fig. 44. The shield is a 50/50 fiberglass composite of polyester and boron
carbide. The detector was wrapped with a 1/8" sheet of lead.‘ An outside cover
was made 1/8" to 1/4" larger than the lead sheet. The bottom of the cover was
poured 1/8" to 1/4" full of the fiberglass material. The lead sheet was placed

inside the cover and the sides were poured. After the material had set-up, the



Test Information for the Three 500 Pound Wheat Samples

TABLE 7

<
or

Protein VaFLEE Total Weight Test Weight gm/1000
Level artety Tested (1lb) (1b/bu) kernels
iigh Satanta 5195 63.5 31.03
Med 1/3 Satanta

1/3 Scout 518.5 6l.5 31.20
1/3 Parker
Low Scout 488.5 62.5 31.06




TAELE 8

. Kieldahl Protein Analysis for the Three 500 Pound Wheat Samples

Protein % Protein KSU # Protein KSGID
Level Before After Before After®
12,80 12.76
12.76 12.80
12,71 12.76
High 12.98 12.41 12,76 12.77
12.04 12.C4
12.09 11.94
12.04 11.99
Med 12,27 11.90 12.06 11.97
10.79 10.74
10.79 10.77
10.88 16.70
Low 11.01 10.63 10.82 10.74

*Assumed a similar moisture basis (14%) since KSGID after samples were run
at tne same time as the KSGID before samples.



TABLE 9

Components oif tue BOM Capture Gamma-Ray Electronic System

4-1: Keithley Model 109 Pulse Ampiifier (20 db gain)
A=2; Keithley Model 111 Pulse Amplifiexr (0 db gain)
A-3: Keithley Model 109 Pulse Amplifiers (2 units, 40 db gain)

A-7: EG&G Model AN201/N, Quad Amplifier, 2 Modules

B=6: MERC Constructed

D-4: EG&G Model TR204/N Dual Discriminators 2 Modules, C-1 and
C-2 are in the same module and modified.

L-1: EGE&G Model 102B/N Dual Twofold Coinecidence Gate
L=-2: EG&G Model OR102/N Dual OR/NOR Gate

M~1: EGG&G Model 102/N, Linear Gate and Stretcher, Modified.
¥-2: QHNuclear Chicago, Model 27002, Double Delay Line Amplifier.
¥-3: Nuclear Chicago, Model 40-913, High Voltage Power Supply

<

output,

¥=&: Hewliett Packard Model 5586A Spectrum Stabilizer
YM-=5: Hewlett Packard Model 540113 Multichannel Analyzer

NOTE: All cables are 500 @ impedance.
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System block diagram for BOM electronic equipment.
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cutside cover was removed. The detector was then shock-proofed in 1/8" thick
sponge rubber matting. The entire detector assembly was wrapped with heat
tape and temperature controlled to S0°F.
The wheat was contained in an aluminum container, 40”rin diameter and
252

40" high, Fig. 45. The Cf source was centered inside the container,

surrounded by 3/4" of lead.

7.4 Results

The low protein spectrum, run #2, is shown in Fig. 46. The region of
interest for the eight data runs was from channel 240 to channel 340. The
region of interest for each of the runs are shown in Figs. 47-54. hannels
240-255 inciude the 5.276 MeV nitrogen and the 5.429 MeV sulfur peaks, and
channels 295-335 include the 6.32 MeV nitrogen peak. The spectrum show
increased counts with increased proteia.

A linear regression method was used to analyze the region of interest
data. A computer program, ADOLPH, was designed to compare the eight regions
of Enterest to the three Kjeldahl protein averages. The region of interest is
rédefined at each pass. ADOLPH was written to reduce the region of interest
from votih the high and low ends, or to reduce the region of interest from

either the high or low end. The peaks are summed together and normalized to

the hycrogen peaks, e.g.

2 8.6 x lO6
h G—E—jiiﬁﬁzg(i,peak 3, count.+ i,peak 4,count)
councs = e 3

Taole 10 shows the results of the analysis of the protein levels with varying
regions of interest.
Comparison of the capture gamma-ray nitrogen per cent to the Kjeldahl

nitrogen per cent is shown in Table 10. The normalized nitrogen percentages
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TABLE 10

Results of Capture Gamma-Ray Analysis for Protein Determination

Region of Interest
Low High Input Normalized , o
(Channel Channel) Nitrogen % Nitrogen 7% Diffeieites X
240 < 340 2.3572 +0.1192
246 259 High--2,2380 2,3055 +0.0675
272 344 2,3850 +0.,1470
240 340 1.9962 -0.1198
246 259 Med--2,1160 2,0481 -0.0679
272 344 1.9684 -0.1476
240 340 1.9452 +0.0472
246 259 Low--1.8980 1.9245 +0.0265
272 344 1.9563 +0,0583
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indicate a positive trend to the analysis by the capture gamma-ray method.
This trend is strong enough to suggest detailed study and analysis of present

data. More samples should be analyzed for conclusive results.
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8.0 RADIATION-INDUCED CONDUCTIVITY IN POLYETHYLENE

8.1 Introduction

The purpose of the work in this section was to determine the effects of
neutron and gamma radiation on the electrical conductivity of polyethylene.'
The importance of this study is to aid in the design of electronic systems
and components that are subjected to nuclear radiation.

Much published work has appeared concerning the effects of gamma and
x-ray radiation on the electrical conductivity of polyethylene (10-16).

Fowler (10) found that as the temperature of the sample of polyethylene
increased from 20°C to 80°C, the static (dark) conductivity increased from
10-20 to 10"16 (ﬂ—cm)-l. After irradiation of the polyethylene sample in a
vacuum using 220 to 250 KeV x-rays and exposure rates from 0.06 to 63.6 R/min
it was found that the steady state electrical conductivity was proportional to
the 0.81 + 0.03 power of the exposure rate. In addition the post irradiation
recovery is hyperbolic in time if measured from the time of termination of the
iréadiation.

Wintle (1l) found the post irradiation recovery to be neither hyperbolic
nor exponential. With an exposure rate of 0.014 R/min of gamma radiation at
25°C, it was found that several minutes were required for the conductivity
to decrease to one half of the initial value.

Adamec (12) reported, after irradiating polyethylene at room temperature
with 15-38 KeV x-rays at exposure rates of 0.004 to 400 R/sec, that, upon
applying an electric field, the conductivity decreased with time while the
relaxation time decreased with an increased exposure rate.

Wicklein, et al. (13), studied the effects on mylar (poly [ethylene-

terephalate]) using 0.2 psec pulses of x-rays and 0.01l sec pulses of a TRIGA
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reactor. They found that the post irradiation conductivity to be exponentially
decreasing, Compton, et. al. (14), using 4.5 usec pulses of 30 MeV electroms,
found the steady state conductivity to be proportional to the 0.8 power of the
dose rate, and the post irradiation conductivity to be proﬁortional to a lower
power. The time dependence of the post irradiation conductivity was of the
hyperbolic form observed by Fowler (10). Fellers (15), using gamma ray dose
rates of 123 Rad (HZO)/min to 11,808 Rad (HZO)/min, found that the post
irradiation recovery was exponential in nature.

In this study a polyethylene sample was irradiated by 4 25ZCf sources

whose total mass is 34.9 mg. The date of measurement was December, 1971.

Results were observed for distances of 5.2 and 37.7 cm from source.

8.2 Methods and Materials

Measurement of the current flowing through a dielectric specimen as a
function of time, applied voltage, radiation time and distance from 252Cf
sources is required. Two methods have been used; Fellers (15) measured the
cu;reut by amplification of the voltage drop across a reference resistance,
and Faw and Robinson (16) measured the current using an electrometer opera-
tional amplifier. The second technique, employed in this work, used a stable,
very high gain, very high input impedance electrometer operational amplifier,
along with precision feedback resistors from 109 to 1013 ohms., The amplifier
waé fed simultaneously to a strip chart recorder and a digital volt meter.
Both techniques are illustrated in Fig. 55.

The second technique was chosen for this work, because in the voltage
metinod used by Fellers (15), the reference resistance must be large enough

to give a measurable voltage drop yet not so large as to be comparable to the

input impedance at the voltage amplifier or to affect the applied voltage to
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Figure 55. Two techniques for current flow measurements.

86



87

the specimen. There are high impedance problems as well as noise and
amplifier drift problems.

- The sample holder and the electronic equipment used were identical to
those used by Faw and Robinson, except that aluminum elect?odes were used to
avoid the neutron activation problems associated with copper. A list of the
electronic equipment used is found in Table 11 and the sample holder is
illustrated in Fig. 56.

Because of the underwater working conditions, a watertight cylindrical
sample holder casing was designed., It was constructed of 3/8 inch thick
plexiglass. IThis watertight enclosure is illustrated in Fig. 57. Attached
to the top of the watertight enclosure was 15 feet of 1-1/2 inch diameter
ABS pipe through which the electrical connections were passed. Attached to
the bottom of the enclosure was a threaded section of plexiglass to allow
connection of different lengths of ABS pipe for the different irradiation
positions.

+ Specimen preparation is described in detail by Fellers (15). Specimens
were cut from sheet polyethylene stock, cleaned, dried and conditioned at
constant temperatures and humidity for 40 hours. The specimen was then
painted with silver conducting paint, placed between the aluminum elecfrodes
in the sample holder, and potted in paraffin. The specimen dimensions were
2 inches in diameter by 0.060 inches thick.

A common industrial technique was used for the electrical conductivity
measurements., A fixed iﬁ&rement of voltage AV was applied to the specimen.
At a time interval At later the current was determined and an additional

increment of voltage applied, followed by curreat measurement At later, and
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TABLE 11

Eguipment Used for the Study of the Radiation-Induced Conductivity in
Polyethylere

LY

High Voltage Power Supply: John Fluke Model 415B
Shielded Switch: Keithley Model 3011

Feedback Resistors: Ke%thley Precision Resistors - 109, 1011, 1012 and
10%3 ohm

Electrometer: Keithley Model 300
(Alternate) Keithley Model 301

Electrometer DC Power Supply: Keithley Model 3012
(Alternate) Lambda Model IDD422FM

Digital Volimeter: Eldorade Model 1820
Strip Chart Recorder: Varian Model G-1000
Picoampere Source: Keithley Model 261

Gamma Ray Source: AECL Gammacell 220
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so on. Since the dielectric charging current depends on changes in voltage,
after a few steps, the increment in voltage divided by the increment in

current is just the resistance of the specimen,

8.3 Experimental Data and Results

Measurements of the conductivity, starting at -500 V, were performed at
positions of 5.2 and 37.7 cm from the 252Cf sources. The applied voltage was
changed by 100 V incrementé at three minute intervalé. Current measurements
were made just preceding the voltage changes. Results for the I-V chacter-
istics are presented in Figs. 58 and 59. The electrical conductivity was
calculated using the equation, where L is the specimen thickness and A is the
effective area of the sPeci@en. With L = 0.315 cm, A = 8.81 cmz, and AV =
1000 Vv, the electrical conductivity (o) at the 5.2 cm position was found to

be 4.39 x 1071* (ohm em) ™Y, with AT = 12.3 x 1010 Amps. At the 37.7 cm

1

position, ¢ = 1,57 x 10 3 (ohm cm)“l, using AL = 4.4 x .'I.O-1l Amps. Total

irradiation time of the sample was approximately 30 min. in each position.

' Determination of the static (dark) conductivity was carried out by Faw
and Robinson (16). This voltage was changed by 100 V increments at five
minute intervals, They found the static electrical conductivity to be
7.84 x 10-18 {ohm cm)_l.

No attempt was made to determine the nature of the post irradiation
recovery of the polyethylene irradiated by 2520f. Attempts to obtain data
at distances greater than 37.7 cm for a more complete study were unsuccessful

because of the small magnitudes of the current to be measured, and the extreme

sensitivity of the cables to stray electrical fields.
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Figure 58. I-V characteristics for irradiation at 3 min intervals for 5.2 cm.
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Figure 59.
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In conclusion the electrical concuctivity of the polyethylene specimen
; . s 252 .
increased with closer proximity to the Cf sources, i.e. greater dose
rates. The nature of this relationship was not determined because only two
points were measured. A comparison of these results with Feller's results is

not possible because the dose and dose rate at the distances considered are

not known.
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9.0 CONCLUSiC.uo

9.1 Introduction
The safe and inexpensive construction of a multimilligram 2520f facility
is certainly possible. Imagination and craftsmaaship are the two major require-
ments for a successful endeavor. Approximately $1,000,00 was spent for materials
and labor in the construction phase.

No major expenditures were required for the licensing of the facility.

The monitoring equipment was already in existence for use with the KSUTMIINR
and no new systems were required. There was minimal expense in terms of
secretarial time and in equipment repair, e.g., license application and
correspondence, and repair of the electronic equipment.

The transportation and unloading of the sources was the major expense.

The transportation costs were $1,088.00. The labor and materials for the
unloading cost approximately $1,700.00.

The operation of the facility required the expense of a 0.5 graduate
asgistant and part time undergraduate help. Approximately $6,000.00 were
spent for personnel during the 1 1/2 years of operation. The estimate included
the limited amounts of materials and shop time required for operation, and the
secretarial time required for quarterly reports.

The protein determination studies required the expenditure of approximately
$450,00., This includes the expenses of travel, wheat procurement and shipment,
and other materials,

252

The total expenditures for the KSU Cf Facility from September, 1970,

to June, 1972, are approximately $11,000,00.
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9.2 Primary Contract Obligations
The most important conclusions to be drawn are the status of contractural
obligations with the AEC. The following is a contract performance summary in

terms of the primary contract obligations:

9.2.(a)(1l) Description Determine neutron source strength, and therefore
amount of %°2Cf, required to do commercially
useful protein analysis of cereal grain.

Status It has been established that 50 micrograms of
25205 will provide sufficient neutron flux to
do commercially useful protein analysis of wheat
involving approximately 500 pounds of wheat and
2-10 minute counting time.

9.2,(a)(2) Description Determine detection and instrumentation, including
data processing equipment if appropriate, required
for commercially useful protein analysis of cereal
grains.

Status The following equipment is indicated for protein
analysis of cereal grain: Ge(Li) cryogenic
detector, 1024 multichannel analyzer, associated
pulse shaping electronics, and data analysis com-—
puting equipment, Figs. 43-45.

$.2.(a)(3) Description Prepare a projection or estimate of analysis costs
as compared to present industry standards for protein
analysis.

Statcus Capital costs for an NAA facility for protein
analysis are estimates at $20,000-50,000 including
$500 (@$10/ugm) for 252Cf, TFor process control
there is no equivalent wet chemical technique which
will give on-line information. The payout for
capital equipment is estimated to be one to five
years depending on the process control application.

9.2.(a)(4) Description Prepare a summary or guicde relating to licensing and
safety requirements a typical commercial user would
face.
Status All necessary data and information for this guide

are on hand. The guide can be completed from
information found in Sections 3.0 and 4.0.



9.2«{a)5)

9.2.(b)(1)

9.2, (b){2)

9.2.(b)(3)

9.2, (C) (l)

9.2.(c)(2)

9:2:(c)(3)

Description

Status

Description

Status

Description

Status

Description

Status

Description

Description

Description
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Prepare cdetailed instruction on how to use the
suggested '"paciage" of apparatus, source and
instrumentation, to measure protein quality.
Instructions will be reduced to language under—
standable to an alert and interested high school
graduate. :

hecessary experieace and information to complete
this requirement are on hand. An instruction guide
for a typical NA:/californium facility can be com-
pleted from infcrmation found in Section 7.0.

Development of adequate techniques for
nuclear-radiation dosimetry and spectrography
usable in high intensity radiation experiments
as well as in the mixed fast-neutron and gamma—
radiation eavironments.

This study is well advanced and Zs expected to be
successfully completed (17, 18, 19, 20, 21).

Stucies of microscopic phenomena and macroscopic
effeccs induced by irradiation of solid and amor-
phous insulator materials.

This phase of the contract is active at the present
time. The work will be reported ia (17, 19, 20, 22,
23; 28}

Studies of radiation-induced lattice-—defect
characteristics and bulk-material properties
of semiconductors.,

Substantial progress has been made in this phase
(22, 23, 24).

Determine neutron source strength, and therefore
the amount of 2952¢f required to do on-line or
random sample analysis of food for mercury content,
sensitive to 0.5 ppm.

Identify compatible instrumentation for mercury
analysis.

Identify economic projections in terms of
incremental costs per unit weight of food
represented by the analytical technique.
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it i1s advised that the FDA uses atomic absorption
for mercury analysis of food and as a consequence
the food processing industry is reluctant or
unwilling to turn from an analytical technique
which the FDA will accept to one which the FDA
may not accept. Mercury analysis by NAA in food
chains has little market potential, but a report
can be prepared for results consistent with terms
of the contract.

9.3 Secondary Contract Obligations

The contract specified that KSU was to determine, as time permits, the

feasibility of utilizing

9.3.(a)

9.3+(b)

Description

Stacus

Description

Status

252Cf in the following applications:

Security Authentication by NAA

Studies indicate that the neutron flux available
from 40 mg of 2°2Cf is inadequate to achieve swift
and unambiguous security authentication with the
securities currently in use. However, the
securities can be "doped" with large activation
cross—section nuclides. The possibilities for
future studies are indicated in Section 10.1.

Educational Uses

The 292Cf has been used in connection with the
following theses either completed or in progress:

STUDENT NAME DEGREE MAJOR PROFESSOR
Alexander Ph.D, Donnert and Merklin
Iyengar Ph.D. Faw

Kaiseruddin Ph.D. Donnert and Merklin
Mehta Ph.D. Donnert and Merklin
Sun Ph.D. Faw

Kan M.S. Donnert and Merklin
Khanna M.S. Donnert and Merklin
Prigel M.S. Meyer

Ryman M.S. Faw

NE 695 NUCLEAR TECHNOLOGY LABORATORY

Fermi age, diffusion length and neutron flux
profile measurements, neutron shielding
experiments.
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9.3.(c) Description Feed-Lot Run—-Off Analysis

Status Locating interest in this objective has been
unsuccessfui, This effort would, perforce, be
an interdisciplinary effort. We tried but failed
to stimulate interest either in the feed lot
industry or among colleagues on this campus who
might be expected to have scholarly interest in
this area. Lack of interest rather than the lack
of possibilities seems to prevail.

9.4 Additional Contract Obligations

9.4.(a) - Description Collaborate with interested industrial companies to
establish the potential market for 2°2Cf in these
applications.

Status A listing of organizations which have been contacted
to stimulate interest in cooperative use of 252¢f
follows:

H. J. Heintz
International Business Machines
Kerr-McGee 0il
McNally-Pittsburg
Kansas Bureau of Investigation
KSU Department of Grain Science and Industries
KSU Department of Agricultural Engineering
Bendix Corporation
Martin Marietta Corporation
. University of Kansas, Radiation Biophysics
University of the West Indies

9.4.(b) Description Provide at the conclusion of the investigation an
evaluation of the technical feasibility of and an
estimate of the potential market for 2°2Cf in the
application being studied.

Status Based on information collected to date, the evalua-
' tion can be summarized as follows:

a) Assuming FDA will approve neutron irradiation
of wheat going into the human food chain,
2520f may find a significant market in the
area of protein determination. The potential
impact on human nutrition is not easily
overstated.



9.4.(b)

cont'd

b)

c)
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Assuming a major overhaul in the securities
printing procedure, 252¢cf may find a limited
market in the area of security authentication.
There are several large security exchange
locations which might utilize such a system.

Assuming an expansion of .studies for process
control at KSU, 252¢¢ may find a significant
market in the field of agriculture and related
areas, The market might include: all phases
of cereal grains and subsequent handling,
feed-lot feeding control, and wood and paper
products industry.
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10.0 SUGGESTIONS FOR FURTHER STUDY

10.1 Security Authentication by Use of NAA

Several items should be considered In the future study of security
authentication., These include: industrial interest, a study of elemental
solubility and concentration in ink, security printing procedures, and refined
irradiation and detection equipment.

The factor of industrial interest is important but not absolutely
necessary for future investigation. The proposed security authentication
method is certainly feasible, but security exchange personnel may want to see
a more specific study completed before financing advanced research. Certainly
no major development should be undertaken unless the security exchange personnel
are extremely favorable to such an authentication method.

A more complete study of the proposed method would pertain to the
solubility of dysprosium and hafnium in ink. Chemical methods for concentration
of the elements in the ink should be studied thoroughly. The concentrations and

therefore the detection levels should be analyzed. Other elements might be
included in the encoding procedure and analysis. 'The amounts of 2520f needed
for irradiation should be considered in parallel to the elemental concentra-
tions in the ink. Estimates should be made comparing the costs for the 252Cf
to the costs for concentration of the elements in the ink.

Advanced research should include a study in security printing procedures.
The elemental code could be determined during the printing process. The
possibility of dividing the security into a number of regions for various
elemental ratio concentrations should be examined.

Counting and detection equipment should be developed in conjunction with

the printing procedures. Limited counting area NaI(Tl) detectors could be
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arranged to count tie defined regions of the security. A hard-wired analyzer
system would accompany such an array of detectors. The development of a binary
or similar ratio code seems logical, with a readout system that would show the

analyzed code.

10.2 Protein Determination of Wheat by Capture
Gamma-Ray Analysis

The potential for tﬂe 252Cf program at KSU is largely contained in the
possibility of process control applications. This potential was recognized
from the efforts directed to the protein determination in wheat samples. An
array of 252Cf source strengths, e.g., 10 ugm, 50 ugm, 100 ugm, and perhaps
200 pgm-500 pgm, would be necessary to develop a viable program in process
control applications.

The process control work should be a coordinated effort between applica-
tions in the grain industry, coal industry, wood and paper products industry,
and ores processing industry. The DNE could seek to form a comnsortium of the
Kansas Agricultural Experiment Station, the Federal Grain Marketing Research
Laboratory at Mankattan, the Department of Grain Science and Industry, the
Department of Animal Sciences, the Department of Horticulture and Forestry
(at KSU and Oklahoma State University), the BOM, the McNally-Pittsburg
Manufacturing Company of Pittsburg, Kansas, and the Kerr-McGee Corporation
of Oklahoma City, Oklahoma. Possibly other groups and companies might join
at a later time. This consortium should be goal-oriented to solve two to
three very specific problems. It should be administered by the DNE with the
advice and support of the other groups involved. From the various university

groups should come student and faculty support for the work of the project as
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well as ideas and proposals for development of financial support. The
companies and federal laboratories should provide financial and personnel
support as well as the immediate goal-oriented problems.

The problem of wheat protein determinatipn should be aeveloped in three
major areas: electronics,'}g?gigg facility, and harvest parameters. The
nécessary electronic equipment should be obtained for use with a 252Cf source
of at least 200 pgm. This would probably include equipment similar to the BOM
‘as outlined in Section 7.0.

The optimal detector temperature should be considered. Large scale usage
of the methgd would indicate the possibility of centralizing analysis equipment
with remote counting stations at the local elevator site. The work should be
conducted where the in situ difficulties could be determined and remedied. The
system should be developed to give additional information now gathered at the
local elevator, e.g. moisture and inert materials (dockage). Other cereal
grain analyses should be developed for maximum financial benefit to the elevator
operator.

The entire system should be operable by a competent high school graduate.
Analysis times should be no longer than 10 minutes, with the accuracy of the
analysis to be determined by the needs of the industrial companies. The entire
system could be placed permanently at the elevator site or be developed for easy
transport to follow the harvest season areas.

Extenced use in the food industry would require the study of amounts of
residual radioactivity and related problems. The Food and Drug Administration
should be approached and questioned about the use of the proposed protein

analysis facility.
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10.3 Radiation Effects Studies

. The radiation effects studies should be continued because of the positive
results obtained from studies discussed in Section 8.0. The studies should be
directed by the DNE faculiy interested in this work. The development of
adequate techniques for nuclear-radiation dosimetry and spectrography usable
in high intensity radiation experiments as well as in the mixed fast-neutron
and gamma-radiation environments is possible.

The studies of microstructure phenomena and macroscopic effects induced

by irradiation of solid and amorphous insulator materials should be completed.

This will require the study of Al 0, and SiO, insulators. FPost-irradiation

273 2
recovery should also be considered.
Progress is possible with the studies of radiation-induced lattice-defect

characteristics and bulk-material properties of semiconductors.

10.4 Miscellaneous Projects

The ecducational uses of the KSU 2520f Facility can be expanded. Several

class laboratories contain the possibility for undergraduate and graduate study.
The use of the sources for mercury and other toxic material determinations in
the food chain is possible. The sources could be utilized in conjunction with

feed-lot run-off analysis if the proper interest is generated. Other interde-

partmental areas include: biology, veterinary medicine, and agriculture.
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U. S. ATOMIC ENERGY COMMISSION
Savannan River Operations Office

CONTRACT NO. AT(38-1)-612
KANSAS STATE UNIVERSITY

THIS CONTRACT, entered into this day of , 1970, by
and between the UNITED STATES OF AMERICA (hereinafter called the "Government')
as represented by the UNITED STATES ATOMIC ENERGY COMMISION (hereinafter called
the "Commission''), and KANSAS STATE UNIVERSITY (hereinafter called the Con-
tractor'), an educational institution incorporated under the laws of the

State of Kamsas.

WITNESSETH THAT:

WZEREAS, the Commission has, or in the near future expects to have a limited
supply of the radioisotope -alifornium-252 (2520£) which it, in order to en-
courage scientific and industrial progress, is willing to make available for
use in research programs of various types; and

WHEREAS, the Contractor has requested the Commission to furmish it with neutron
qurces conteining 252¢f for use in studies to evaluate the application of

22cf for protein analyeis of cereal grains, nuclear radiation effects re-
search, and analysis of toxic material in foods; and

WHEREAS, the information from the studies to be undertaken by the Contractor
with the use of the sources containing 252¢cf is of interest to the Commission
end hzs the potential of facilitating scientific and industrial progress with
thg use of seid material; and

WHEREAS, the Contractor is desirous of and agreeable to participating with

the Commission in the development of a program, 8s are othe:r investigators, to
agsure coverage of the field of application of 252¢ct as completely as possible;
&and

WHEREAS, the intent of the parties to this contract is thatduring the term of this
contract, one or more third parties may use the sources and/or participate

in the investigation under arrangements mutually acceptable to all parties;

and

WEEREAS, this contract is authorized by law including the Atomic Energy Act
of 1954, as amended;

NOW, THEREFORE, the parties do mutually agree as follows:
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Kansas State University

ARTICLE 1 - DEFINITIONS

As used 1o the Contract:

a'

e term "Commission' means the United States Atomic Energy Conmission
or any duly auth- #lzed representative thereof, Including the Contracting
Officer except for the purpose of deciding an appeal under the Article
entitled "Disputes."

The term "Contracting Officer' me:ns the person executing this Contract
on behalf of the Commission and includes his successors or any duly
authorized representative of such person.

The term '"person acting on behalf of the Commission" means employees
and contractors of the Commission, and employees of such contractors,
who implement or participate in the implementing of this Contract

pursuant to their employment or their contracts with the Commission.

The term "private parties' means U, 5. citizens, U. S. corporations, and
any foreign government with whom the Government has an agreement of
cooperation for the production or utilization of special nuclear material
or atcmic energy.

ARTICLE II - SCOPE OF WCRK

a,

The Contractor shall conduct in its own facilities at Manhattan, Kigﬁas,
a research and development program to evaluate the application of Ct
for protein analysis of cereal grains by neutron activation, for a
cohesive study of electronic materials and components in nuclear-
radiation environments, and quantitative analysis of mercury and
selected additional toxic material in commercially processed foods

for bumans, as set forth in the Contractor's proposal dated June 26,
1970, The work to be performed will specifically include:

L. Primary Objectives

(a) Protein Analysis of Cereal Grains by Neutron Activation
Analysis

(1) Determine neutron source strength, and therefore amount of
californium-252, required to do commercially useful protein
analysis of cereal grains.

(2) Determine detection and instrumentation, including data
processing equipment if appropriate, resquired for com-
mercially useful protein analysis of cereal grains,

(3) Prepare a projection or estimate of analysis costs as
compared to present industry standards for protein
analysis.
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(4) Prepare a summary or gulde relating to licensing and
zfety requirements a typical commercial user would

aca,

(5) Prepare detailed instructlons on how to use the suggested
“"package" of apraratus, source and instrumentation, to
measure proteln quality. Instructions will be reduced
to langnage understandable to an alert and interested
high school graduate,

{b) Cchesive Study of Zlectronic laterials and Components in
Nuclear-Radiation Environments

(1) Development of adequate techniques for nuclear-radiation
Gosimetry and spectrographyusable in high intemsity €.6.C
radiztion experiments as well as in the mixed fast-neutron
cnd zamma-radiation environments.

(2) Studies of wmicrostructure phenomena and macroscopic effects
induced by irradiction of solid and amorphous insulator
materials,

{(3) Studies of radiation-inducedlattice-defect characteristics
cnd bulk-material properties of semiconductors.

{¢) Quantitative Ana?$is of Mercury and Selected Additional Toxic
Yaterial in Comme*cially Processed Foods for Humans

(i) Deteramine neutron scurce strength, ard therefore amount
of californium-252, required to do on-line or random
sample analysis of food for mercury content, sensitive
to 0.5 ppm.

(2) 1Identify compatible instrumentation for mercury analysis.
(3) 1Identify economic projections in terms of incremental
costs per unit weight of food represented by the

analytical techaique.

Secondary Objectives

Determine, &s time permits, the feasibility of utilizing 2520f
in the following applications,

(a) Security Authentication by Neutron Activation An:lysis
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{b) Educational Uses
(c) Feed-lot Run-off analysis

3. Collaborate with intcfested industrial compapies to establish the
potential market ifor 252¢{ in these applications,

L, Provide at the conclusiorn of the investigation an evaluation of
the technical feasibility of and an estimate of the potential
market for 232Cf in the applications being studied.

b. The research and development program shall be under the overall
direction of Dr. Curtis G. Chezem, Professor and Head of Huclear
Engineering assisted by such assistant investigators and support-
ing services as the Contractor may deem necessary and appropriate.
The Contracting Officer shall be notified promptly in writing of
the replacement or reassignment of the principle ilavestigator.

ARTICLE III - LOAN OF PROPERTY

2. The Commission agrees to furaisk to the Contractor five (5) sources
each containing approximately 10 milligrams of 252Cf subject to (1)
the availability of such sources, and (2) the Contractor's possession
of eppropriate licenses to receive, possess, and transport such sourczes.
The Commission will use its best eiforts to furnish the sources. Such
sources shall be encapsulated in forms to be mutually agreed upon by
the parties,

D. Changes in the type, active length or 252¢f content of the sources may
be made by written agreement of the parties without formal amendment
to the Contract.

¢. Tae ncutron activity of ezch sourcae measured as of a specific date,
togetiier with the Commission’s celculations of the Cf contained
therein as of such date, also will be furnished to the Contractor at
the time of each shipment from the Commission's Savannah River Plant,
If requested, the Commission will mzke available to the Contractor
details of the procedures or methods used in such measurements and
calculations. The Commission will use its best efforts to supply
such sources to the Contractor in accordance with a schedule to be
mutually agreed upon by the parties.

ARTICLE IV - TERM
The term of this Contract shall be for one year from the date of execution

hereof; provided that such term may be extended by mutual agrecement of the
parties in writing,
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ARTICLE V - INSPECTICN AND REPORTS

a, The Commission shall have the right to inspect, in such manner and at
2ll reasonable times as it deems appropriate, zll activities of the
Contractor arising in the course of its performance of work set forth
in Article II - SCOPE OF WCRX.

b. The Contractor shall make and furnish to the Commission six (6) copics
of the following reports:

1, The Contractor shell submit to the Commission on a monthly basis
during the course of the work under this Contract, progress reports
on the research and development investigations conducted in accord-
ance with Article II - SCOPE COF WORK. The format and information
to be included in these monthly reports shall be established by
mutual agreement between the Contractor and the Commission;

2., The Contractor shall submit to the Commission on a quarterly basis.
{or more frequently if it so desires) status reports containing
catailed technical data regarding the progress of the research
and development investigation conducted in accordance with Article
I ~ SCOPE OF WORK. The format and information to be included in
this report shall be established by mutual agreement between the
Contractor and the Commission;

3. Hot later than ninety (90) days after conclusion of the work specifiec
in Article II - SCOPE OF WORK, the Contractor shall submit a final
veport summarizing all technical data generated with respect to such
items of work, including appropriate charts and figures, and the
Contractor's evaluation of the investigations; and

4. Such other reports as the Commission may reasonably require from
time to time.

ARTICLE VI - PATEWTS

a. Foreground

1. Whenever any invention or discovery is made or conceived by the Con-
tractor or its employees in the course of or under this Contract,
the Contractor shall promptly furnish the Commission with complete
information thereon; and the Commission shall have the sole power
to determine whether or not and where a patent application shall
be filed, and to determine the disposition of the title to and
the rights under any application or patent that may result; pro-
vided, however, that the Contractor, in any event, shall retain
at least a non-exclusive, irrevocable, royalty-free license under
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said invention, discovery, patent application, or patent. The
title and additional righcs shall in each ir:tance be determined
by the Commission as 1t deems equitable and appropriate after
consultation with the Contractor. Subject to the license re-
tained by the Contractor, &s provided in this paragraph, the
judgment of the Commission on these matters shall be accepted

as final; and the Contractor, for itself and for its employees,
agrees that the iaventor or inventors will execute all documents
and cdo all things necessary or proper to carry out the judgment
of the Commission.

2. No claim for pecuniary zward or compensztion under the pro-
visions of the Atomic Energy Act of 1954, as emended, or under
Title 35, U. S. Code, Section 183, shall be asserted by the
Contractor, or its employees with respect to any invention or
discovery made or conceived in the course of or under this
this Contract.

3. Ixcept as otherwise zuthorized in writing by the Commission,
the Contractor ;.11 obtain patent agreements to effectuate the
purposes of paragraphs a. and b, of this article from all per-
sons who perform any part of the work under this Contract, except
such clerical and manusl labor personnel as will not have access
to technical data.

4. With respect to any U. S. Patent Application Zfiled by the Con-
tractor on any Contract invention or discovery made or conceived
in the course of the Contract, the Contractor will incorporate
in the first paragraph of the U. S. Patent Application the
following statement:

The invention described herein was made in the course
of or under, a Contract (if desired, may substitute
Contract with identifying number) with the U. 8. Atomic
Energy Commission.

Background

In addition to the rights of the parties under the foregoing paragraphs
in and to inventions or discoveries made or conceived in the course of
or under the Contract, the Contractor agrees to grant, at the request

of the Commission, to the Government and to responsibie private parties
2t reasonable terms, nonexclusive licenses to mzke and use and to have
mede and used any inventions or discoveries actually reducsd to practice
before the effective date of this Contract owned or controlled by the
Contractor and to any inventions or discoveries actually reduced to
practice or acquired during the Contract period but not subject

T
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to the foregoing Foreground invention rights provisions, which shall
be or are utilized, tested, Iincorporated or embodied in the work under
this Contract. The Commission shall make such request only when such
irnventions or discoveries are considered by the Commission to be
necessary for the use of the technology developed under this Contract.
In the event that the Contracter and prospective licensees cannct
agree upon a rcasonable royalty, the Contractor agrees that the
royzlties may be fixed pursuant to the procedure sct forth in Section
157(c) of the Atomic Energy Act of 1954, as amended.

ARTICLE VII - TECHNICAL DAT.

a,

b.

Foreground

In addition to the rights of the parties set forth above in Article V =
INSPECTION AND REPURTS, all drawings, sketches, designs, design data,
specifications, notebooks, tachnical and scientific data, and all
photographs, negatives, reports, findings, recommendations, data and
memoranda of every description relating to work or any part thereof

"under thils Contract shall be subject to inspection by the Commission

£t reasonable times and a copy of the foregoing shall be furnished

by tne Contractor at the request of the Commission without any claim

on the part of the Contractor for additional compensation. Any documen!
report or data furnished or made available to the Commission under

this paragraph may be used by the Government for any purpose whatso-
ever, including dissemination to the public, withcut charge for use;
provided, however, that at the Contractor's request, the Commission
shall delete any material in such document, report or data to be
disseminated to the public which is not directly related to the
Contract work and not necessary to an understanding thereof.

Background @

in addition to the rights of the parties set forth above in paragraph
a. of this Article VII, the Contractor agrees to and does hereby grant
to the Govermment an irrevocable license and right to use any secret
process, technical information, or know-how of the Contractor, made,
Geveloped, or acquired prior to or on the effective date of expiration
or completion of this Contract, which shall be or is utilized, tested,
or embodied in the work under this Contract, or which shall be or is
specifically incorporated in any scientific or technical report render-
ed under this Contract; provided, however, that to the extent that

any such background ‘'secret processes, technical information or know-
how" when furnished or delivered is specifically identified by the
Contractor at the time of delivery to the Commission, the same shall
not be used by the Governmeat except in the performance of other

s T




118

Contract No. AT 38-1)-612
Kansas State University

contracts or subcontracts with or for the benefit of the Government,
unless such material and information is generally available to the
public or has been made available to the Government from other sources
or previously made available by the Contractor without limitation as
to use. Nothing in this clause shall he decmed to grant a license
under any patent rigats of the Contractor except to the extent that
licenses under such patent rights may be granted under Article VI -
PATENTS, of this Contract.

ARTICLE VIII - NOTICES

a, Any notices required by this Contract of the Contractor shall be
submitted in writing to the Commission addressed to:

Mr. Nathaniel Stetson, Manager
Savannah River Operations Office
U, S. Atomic Energy Commission
P. 0. Box A

Aiken, Sou:ch Carolina 29801

b. Aay notices required by this Contract of the Commission shall be
submitted in writing to the Contractor addressed to:

Mr. Ralph H. Perry, Comptroller
Comptroller's Office, Anderson Hall
Kansas State University

Manhattan, Kansas 66502

ARTICLE IX - ADDITIONAL CONTRACT PROVISIONS

Appendix A attached hereto and mzde a part hereof, sets forth additional
general contract provisions of this Contract.

IN WITNESS WHEREOF, the parties hereto have executed this Contract as
of the day and year first above written.

UNITED STATES OF AMERICA
BY: U. S. ATOMIC ENERGY COMMISSION

BY:

TITLE:

KANSAS STATE UNIVERSITY

catty
TITLE: Eusiness MYanager .
L7

a'd.l{f
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APPENDIX A

General Conditions

ARTICLE A-I - CHARGES
ARTICLE A-II - TZRMINATION

ARTICLE A-III USE OF LOANED PROPERTY

ARTICLE A-IV - GOVERNMENT PROPERTY
ARTICLE A-V - WRITTZN MATERIAL
A#RTICLE A:VI - PUBLICATION OF RESULTS
ARIICLE A-VIL - INDEMNITY

aRTICLE A-VIII - CONTAINERS

ARTICLE A-IX - DISPUTES

ARTICLE A-X - | ASSIGNMENT

ARTICLE A-XI - PERMITS

ARTICLE AfXII - COMPLIANCE

ARTICLE A-XIII COVENANT AGAINST CONTINGENT FEES

ARTICLE A-XIV OFFICIALS NOT TO BENEFIT
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APPENDIX A

General Conditions

ARTICLE A-I - CHARGES

.

The 252Cf source(s) supplied to the Concractor by the Commission pursuant
to Article III shall be furnished to the Contractor, F.O0.R. Savannzh River
Plont. There will be no charge wmsde cto the Contrzctor for use of the
252Cf source(s) or for loss of 252Cf through normal radioactive decay
while the source(s) is in the possession of the Contractor.

A1l costs incurred with respect to source fabrication and encapsulation,
handling and packaging prior to shipment of the source(s) by the Com-
mission to the Contractor shall ba borne by the Commission.

The Cratractor shall assume scle responsibility for and pay all charges
connected with the shipment of the source(s) from the Savannah River
Plant to the Contractor and all costs incurred in connection with the
handling, packaging and transportation of the source(s) in coanection
with its return from the Contractor to the Commission, F.0.B. Savannah
River Plant. ’

ARTICLE A-II - TERMINATION

a.

The Commission may terminate this Contract at any time without cost to

or liability of any kind incurred by the Government by written notice

to the Contractor in the event (1) the right of the Contractor to possess
the source(s) subject to this Contract expires or is suspended or terminated
by any authority having power to take such action, or (2) the Commission
finds that any source(s) furnished by it to the Contractor has been
diverted by the Contractor, without approval of the Contracting Officer,
from exclusive use in the program described in Article II, or (3) bank-
ruptcy or insolvency proceedings are commenced by or against the Con-
tractor, or if receivers are appointed to take possession of the business
or property of the Contractor, or (4) the Contractor shall fail to perform
its obligation hereunder and shall fail to take corrective action within
30 days of the date of written notice by the Commission of such failure

to perform unless such failure arises out of causes beyond the control

and without the fault or negligence of the Contractor.

Upon the expiration or termination of this Contract, the Contractor
shall return to the Commission, F.0.B. Savannah River Plant, within

30 days, any property of the Government made available to the Contractor
pursuant to this Contract. In the event return is not effected within
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this period, the Commission shail have the right (1) to enter upon the
Contractor's premises to recover or take poassession of such property
and (2) to charge to the Corntractor th2 Commission's full costs of
such recovery or repossession, as determined in accordarce with established
Commission pricing policy in effect at the time of such recovery or
repossession. ;

ARTICLE A-TII - USE OF LDANED PROPERTY

The Contractor, except as otherwise authorized in writing by the Commiszion
and under arrangements mutually acceptable to all parties concerned, shall
use the source(s) supplied to it by the Commission pursuant to Article III
of this Contracc solely in the performance of the work specified in

Article II - SCOPE OF WORK. The Contractor shall retain each such source

in the physical form in which it is supplied by the Commission. The Con-
tractor further specifically agrees that no monetary charge of any type will
be made to others for use by the Contractor of the 252Cf source(s) supplied
to it by the Commission pursuant to this Contract.

ARTICLE A-IV - GOVERNMENT PROPERTY

a. Title to the 252Cf source(s) furnished to the Contractor pursuant to this
Contract shall remain in the Govermment except as providad in paragraph h.
below. Title to such property shall not be affected by incorporation or
attachment thercof to ahy property not owned by the Government; nor shall
any such property, or any part thereof, bz or become a fixture or lose
its identity as personalty Dy reason of affixation to any realty.

b. The Contractor shall be responsible for and shall reimbursce the Com-
‘mission for any loss, 'damage, or destruction of any source furnished
the Coutractor pursuant to this Contrzct, whether or not such loss,
diumage or destruction is due to the fault or neglect of the Contractor,
damages resulting from normal uses excepted, or any other cause
occurring from the time of delivery to the Contractor and until such
source(s) has been returned to the Commission as provided herein.

c. The Commission shall determine prior to shipment the amount of 252¢c¢
contained in each source to be furnished under this Contract and the
Commission's costs of fabricating and encapsulating such source(s).
Such quantity and ‘cost determinations shall be furnished promptly to
the Contractor and shall be final and binding upon all parties to this
Contract.

d. The Contractor shall notify the Commission promptly of any loss, damage
or destruction of such source(s). In notifying the Cormission, the Con-
tractor shall utilize its best efforts to accurately fix the time of
such loss, damage or destruction on the basis of a specific occurrence.
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2. The Commission snall determize es of Lrhe time fixed {orv sech loss,
a ; L B, : 5 -
damage or destruction, the amoint of <N ecoatsiued in earh scurce.
Such determination shall be furnished prenptly to ties Coukiacior ood

N
shall be final and binding o~ w1l parties to th:s Contract.

f. In the event of loss or daz:raccicn of any source the Conteactor « sl
reimburse the Commission for the Commission's full [~iricarine opd
encapsulation costs in addizian fo the rate of S2% por imcron...s for
at such lower rate &= may Lave then becn estabhlisicu and pabhiiseed by
the Commission) of 2500t conceinzd ia the saurce ar the rvine [ixed {or
such loss.

g. In the esvent of damage of cny source, the Contractor shall reisburee
the Commission's full costs in restoring tae source!s) to full sayvise-
ability as of the time fixed for such damzge taking into zonsideracion
the amount of 232Cf containad in the source(s) as of che time so fixed.

h. Title to source(s) whicli hzs been lost or destroyed shzll pass [rom
the Government to the Contractor upon payment to the Commnizsicn of
the amount due.

ARTICLE A-V - WRITTEN MATERIAL

a. The Contractor hereby grants to the Government a rsoyalty-free, non-
exclusive, irrevocable license to rz2produce, translate, publish] use
ard dispose cf, ané to authorize others to do so, all coryrighatable
material produced or composed ir delivered to the Tovercment or itz
designees under this Contract., including work not first produced or
composed by the Contractor in the course of performancez under this
Contract but incorparated in the material produced or compecsed or
delivered under this Ccrntract {but only to the ex:ent that the Con-
tractor now has, or prisr to f{inal settlement of the Conatract
may have, the right to grant such license to such previously produced
or composed work without becciming liable to pay compansation to
others solely because of such grant).

b. The Contractor agrees that, excapt as the Commission may othmiwise
specifically authorize in writing, the Contractor will not include
in any report or other material delivered under tbhis Contracr, or
any published material relating to the work under thie Contracec,
any copyrighted material ownad by others which such owrers have not
consented to have so included.

¢. The Commission will not publicht in advance oi the Contractor s publi-
cation without prior consultztion with the Conrractor.
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ARTICLE A-VI - PUBLICATICN JF RESULTS

a.

ARTICLE A-VII - INDZMNITY

al

The Contraccor snall submit for publication in appropriate trade and
other professional journals the significant resuits of the work per-
formed by it pursuant to this Contract. Published results shall
indicate the manner in which research was supported by the Commission.
Seven (7) copiles of each article submitted by the Contractor for
publication shall be promptly sent to the Commission. The Contractor
shall also inform the Commission when the article is publishted and
furnish seven (7) copies of the article as finally published.

In order that public disclosure of such information will not adversely
eifect the patent interest of the Commission, patent approval for
release and publication shall be secured from the Commission prior to
any such release or publication.

Weither the Government, the Commlssion, nor persons acting on their
behalf will be responsible for any injury to or death of persons or
other living things or damage to or destruction of property or for

any other loss, damage or injury of any kind whatsocever resulting from
the performance of services or furnishing of materials hereunder.

Feither the Government, the Commission, nor persons acting on their behalf
makes any warranty expressed or implied (1) with respect to the accuracy,
completeness or usefulness of any information furnished hereunder, (2) that
the use of any such information may not infringe privately-owned rights,
(3) that the services, materials, or information furnished hereunder will
not result in injury or damage when used for any purdose, and (4) that
the services, materials, or information furnished hereunder will accomplish
ti:e intended results or are safa for any purpose including the intended
purpose.

Neither the Govermment, the Commission, nor persons acting on their
bzhalf will be responsible, irrespective of causes, for failure to
perform the services or furnish the materials or information hereunder
at any particular time or in any specific manner therefor where
appropriate.

The Contractor agrees to indemnify and save harmless the Government,
the Commission, and persons acting on their behalf from (1) all liability,
including costs and expenses incurred, resulting from the Contractor's
use or disclosure of any information in whatever form, furnished hereunder)
and (2) all liability to any persoms includirg the Contractor for injury
to or death of persons or other living things cr injury to or destruction
of property arising out of performance by the Government, thé Commission,
or persoms acting on their bechalf and not directly resulting from the faulj

-
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or necligence of the CGovermment, the Commission, or persons acting on
their behalf, or arising out of the use of tne services performed,
materials supplied, or information given hereunder by any percons
including the Contractor. Tre foregoing provisions shall have no
apslication to public liability for nuclear incident as defined and
provicded for in the Atomic Energy Acc of 1954, as amended.

e. The Contractor agrees to indemnify the Goverrment, the Commission, and
persons acting on their behalf against liabiliiy of any kind (iaclud:ny
costs and expenses incarred) isr the use of any invention or discovery
znd for the infringement of any Letters Patent {not including liabiliLy,
arising pursuant to Section 183, Title 35 (1952} U. S. Code, prior to
the issuance of Letters Patent) occurring in the performance by the
Contractor of the work set forth in Article II - SCOFE OF WORK.

ARTICLE A-VIII - CONTAINERS

a. All shipments of source(s) from the Commission to the Contractor, and
from the Contractor to the Commission, will be made ir Contractor-
furnished containers: Provided, however, That in the event the Com-
nission determines that the required containers are not reasonably
avallable from commercizl sources, the Commission may furnish Government-
owned containers if such are available. Any Government-owned containers
0 be used for shipment of source(s) will be made available to the
Contractor, F.0.B. Contractor vehicle or commercial conveyance at the
Savannah River Plant unless otherwise agreed. Contractor-furnished
containers shall be delivered to the Savannah River Plant within a
reasonable time specified by the Commission prier to the scheduled
delivery of source(s) to be shipped to the Contractor in such containers.
Contractor-furnished containers will be used by the Commission only for
the shipment of source(s) from the Commission to the Contractor and for
temporary storage of materials shipped therein.

b. All containers, whether Government-owneéd or Contractor-furniched, must
meet Coomission regulatioms, specificatioms, and practices as to safety,
design criteria, cleanliness and freedom from contamination in effect
at the time furnished, utilized or returned, of which the Commission
shall be the sole judge. The Commission will promptly return to the
Contractor non-Government-owned containers but will not be responsible
for any loss of or damage to such containers except as may result from
its fault or negligenca. Such return shipments by the Commission will
be made F.0.B. Contractor vehicle or commercial conveyance at the
Savannah River Plant.

¢. Title to Government-owned containers shall remain in the Government.
The Contractor shall pay such rental charge for such containers as
shall be established by the Commission for general application to
users of such Government-owned property. The Contractor will promptly
return Government-owned containers to the Commission, F.0.B. Contractor
vehicle or commercial conveyance at the Savannah River Plant. The
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Contrzctor shall not be responsible for any loss of or damage to
Governuent-owned containers excent as may result from the fault or
negligence of the Contractor, its agents or employees. Government-
own.d containers will be used only for shipment of muterial to arnd
from the Commission and for temporary storage of materials shipped
therein.

Whenever coatalners are shipped to the Commission or Government-owned
containers are returned to the Commission, and the Commission elects
to decontaminate the containers, railroad cars, trucks, or other
shipping vehicles or the Commission's unloading area, because the
containers or method of shipment fail to meet the health and safety
standards prescribed by the Commission or other competeant authority
having jurisdiction over such material, the Contractosr shall reimburse
the Commission for the full cost of such decontaminacion as determined
by tue Cowmission in accordance with established Commission pricing

policy.

ARTICLE A-IX - DISPUTES

a.

Except as otherwise provided in this Contract, any dispute concerning
a question of fact arising under this Contract which is not disposed
of LDy egreement shall be decided by the Contracting Officer, who shall
reduce hLis decision to writing and mail or otherwise furnish a copy
thereof to the Contracter. The daecisicn of the Contracting Officer
chall be finmal and conclusive unless within 30 days from the date of
rzceipt of such copy, the Contractor mails or otherwise furnicshes to
the Contracting Officer a written appeal addressed to the Commission.
The cdecislon of the Commission or its duly authorized representative
for the determination of such appeals ghall be final and conclusive
unless determined by & court of competent jurisciction to have been
fraudulent, or capricious, or arbitrary, or so grossiy erronsous as
necessarily to imply tad faith, or uot supported by substancial
evidenze. In connection with zny appeal proceeding under this
article, the Contractor shall be afforded an opportunity to be heard
and to offer eviderce in support of its appeal. Pending finzl
decision of a dispute hereunder, the Contracior shzll proceed
diligently with _he performance of the Contract and in accordance
with the Contracting Officer's decision.

This "Disputes" article docs no: preclude comsider.tion of law
Guestions in connection with decisions provided for in paragraph a.
above: Provided, that nothing in this Contract shall be construed as
making final the decision of any administrative official, representa-
tive, or board on a question of law.
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ARTICLE A-X - ASSIGNMENT

Neither this Contract nor any interest therein nor claim thereunder shall be
assignad or transferred by the Contractor, except as expressly authorized in
writing by the Coimission. The Contractor shall not subcontract any rescarch
work under this Contract, except as expressly authorized in writing by the
Comnission.

ARTICLE A-XI - PERMITS
The Contractor shall procure all necessary pvermits or licenses and abide
by all applicable laws, regulations, and ordinances of the United States

and of the State, territory, and political subdivision in which the work
under this Contract is performed.

ARTICLE A-XII - COMPLIANCE

The Contractor shall be required to ccmply with Commission regulations
implementing Title VI of the Civil Rigints Act of 1964.

ARTICLE A-XIII - COVENANT AGAINST CONTINCEXT FEES

Tae Contractor warrants that no nerson or selliag agency has been employed
or retainad to solicit or secure this Contract upon an agreement or under-
standing for a commission, parcentage, brokerage, or contingent fee,
excepting bona fide employees or bona fide established commercial or

selling agencies maintained by the Contractor for the purpose of securing
business. For breach or violation of this warranty the Government shall
have the right to annul this Coatract without liability or in its discretion
to deduct irom the Contract price or consideration, or otherwise recover,
the full amount of such commission, percentage, brokerage, or contingent
fee.

ARTICLE A-XIV - OFFICIALS NCT TO BENEFIT

o member of or delegate to Congress, or resident commissioner, shall be
admitted to any share or part of this Contract, or to any benefit that
may arise therefrom; but this provision shall not be construed to extend
to this Contract if made with a corporation for its general benefit.
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13.2 Licensing
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13.2.1 TFormal License Application--October, 1970



THE
FOLLOWING
DOCUMENT HAS
PRINTING THAT
EXTENDS INTO
THE BINDING.

THIS IS AS
RECEIVED FROM
CUSTOMER.
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¥y v

FPPLICATION FOR RADIATION SAFETY COMMITTEE AUTHORIZATION
KANSAS STATE URIVERSITY

Forn RSC-1
5-67

LT 2] TS R A

-

Submit two copies: Radiation Safety Office, Ward Hall

r

A1l requisiticns Tor the purchase or procurement of radicisotopzs must be directed to and
approved by the Radiation Safety Office.

Each aparoved application is valid only for the user, radioisotope, miilicurie amounts,
application, Tocation and until December 13 of each even numbered year.

1. Name, depariment, Usiversity address and extension of applicant performing immediate
supervision of izboratory operations and radicisotopes.
. a) R. W. Clack, Nuclear Engineering, Ward Hall, Ext. 6918
/i:,b) N. D. Eckhoff
<" e) T. C. Robarts

g

i’ . Past euperiencz and training of above named individual in the use of radioisotopes.

{\\% ~a) Fifteen years, Reactor Supervisor, Diplomate Health Physics Society
- b) Six years, Graduate Student, currently Asst. Prof., KSU Dept. of Nuclear Engg.
T ¢) Graduate Studeni, XSU Nuclear Engineering, 2 years' experience

3. Hanez, deparimsni, University address & extension, and radicisotcpe experience of
individuais using radioisotope under applicant's supervision {if.student,

state such).

John Schauf¥ Norman Graves¥®
Patrick Ervin* Frank Pratt#®
Michael McEwan® Jonn Leighty*

(*-student) Nuclear Engineering, all with at least
one year experience in use of radioisotope

¢, POSSESSION LINIT.

&.a RASIOACTIVE MATERIAL(S). b, CHEMICAL AMND/OR PAYSICAL
(Maximum number of milli.

(List chemical symbol and FORM OF MATERIAL(S). :

mass number of each.)

Californium-252

Cf252

(List Mfg. & model no. if

sealed source)
sz(C204)3, sealed source

see attached drawings
Appendix B of enclosure
SR-C£-100-Z

testimated rate of use__ mc/w

curies of each radio-
nuclide that you will
possess at any one time.|

30,000 (nominal) l
(+ 10%)

b5.a Mcnitoring instruments available in the immediate area.

Texas Nuclear Nemo (neutron sensitive)
Eberline remote area monitoring system (1-1000 mr/hr)

Multiple air monitors

Hi and lo range beta/gamma survey meters (0-1000 rad/hr)

b Are your instruments capable of monitoring your radioisotope?

Yes XX No
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6. PROPOSED USZ: (Give sufficient detail concerning the probiem and the wethods of
use of the radioactive material 7o provrde a basis for a ceneral evaluation of
the heaizh «Lza"da and rcss%h]e building conteaination, 1nhiud’ng rooms invoived ™
Tor usace and Storace.) The sealed californium sources, on loan from the Production|

Divisica of the U.S.AGE. C., Rillehe used for. nmeutron activation analysis and. radiafion 1 damdfpe
studies. The sources will normally be used and stored in the bottop of a 4 x 5 foot stainless
steel pipe. The pipe will-be attached to the bottom of a 4 x 5 foot stainless steel Tank’ (5LL
diagram). Installation will be in the reactor bay, WD 110, and will be continuously instrumen-
ted for beta/garma cose rate.

Sources may, for experimental convenicnce, be raised to floor level for limited periods where
special attention will be given to 10CFR20 limitations. Additional shielding may be required
around the bottom of the tank if the sources are raised for any length of time.

Calculations indicate that a single 10 milli- - + a
gram califoraium-252 scurce could be brought . )
to the raisad position (i.e. centered at the f }wza—f\n»-umﬂvw‘n»i
bottom of the & x 5 ft. tank) wouléd produce a % : ‘
whole body dose to a person standing on tne L » | ZH,0
tank platform of approximately 100 mrem/hr or - ' =
100 mrem/calendar week at the boundary of the ' ' Secondary Sourc
restricted area, a lead annulus, or other { o = Location
appropriate geometry, will be placed on the e e ﬁﬂfa:?ﬁ;nkrl F"i;“ér <7~. ) —
| floor of the tank to reduce the unrestricted 7/7&(}a¢:-l\(" ;" Sl A :
dose rate to appropriate limits. / wrroom Concrete floor
J . of Reactor Bay
o .
~ ! * ?a“?"x"‘ \’
“ Q\VSandy Soil
L5 DR 1\*-\' <
EF
L =H,0

<:.Primary Source
JL___f'ﬂ < Locatiomn

NOTE: APPLICANT'S SIGNATURE IMPLIES THAT HE HAS READ AND UNDERSTANDS THE KSU RADIATION
SAFETY MANUAL.

7. Proposad method of disposal: (drain, burial, commercial firm or other.) Specify.

Radiation Satvety Office wiil be the recepient of all radioisocopes ordered in order to
open package and cneck for contamination, 5
)

= ___\/)

8. Sigiature of Ap pl1cantffﬁk¢' Dl Efa 42%4;37 Date_ s~ "‘i .>;f"“71?
. ‘*ﬁjg*gzbaza72§>{i;z (J/¢)/,4*—
SigneTure of Approval by he

Ra ia.icn Safety Committee Date

10, Expiravion of this Authorization:

- ———
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13.2.2 Application for Amendment No. 22
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Manhattan, Kansas 446502

Office of Radiation Safety
Ward hall

'
1

cuer 19, 1570

o]
C
r

Kansas State cepartment of Licaltn
State Grfice Luilding
Topeka, Ransas

ATTERTIO Radiological Health Secticn
Gentiernens

Tais is an appiication for Auendnent No. 22 to Kansas Radicactive Materinls
License 33-CC11-01, to perait us to receive, possess, use and transfer erproximaitely
fifty (JO) miiligrams (30 curies, nominal) of Califcrnium=202, This radicactive
material will be in five sources of tin (10) milligrams cach., The constructien
of the sources is_ Eescr;beu in Appendix b of the encloscd tesklet entitled,
upascripuion of ©94CF Sources," dated § September 1909. The scurces are encasulated
urder ihe SR-CF-100 series with one excention which is that the outer or seccrdary
capsuie will be zircaloy in lieu of stainless steel, This change converts tiw
mocel number from tne previous one t¢ Sk-Cf-100-z,

The Californium sources will be housed normally in the botten of a five
inch dianeier by eight foct long water-filled stainless stcel nicve, The nipe
will be attachea to the bottom of a foureoy-five foot s::1n1&as steel duter-fli:LL
tank. Installation will be in the reactor tay floor {a nole bored 8' T 1' deep)
and will be continuously monitored Ly permanently installed beta-namma detectors.

For experinental conveniance, one or seveial scurcas may be raissd to the
Tlcor level but still encased in the stainless steel tank. Additional shieldina
and monitoring may be required and will be added as necessary o0 maintain working
levels of external radiation, The sources in the raised position will be
infTreguent; however, suile work may require some of thenl to bSe raised at varicus
times.

The sources will be used primarily for neutron activation analwsis, radiation
damage studies and educational experiments., During neutron activation aralysis,
the samp.e will be lowered into tie neutron flux rejgion via an access tubc., After
the somplie is activated a specified snount of time, it will bte removed and
analyzed. Radiaticn levels of tha activated samnles will Le monitored unon romoval,

Leak tosts of the sources will be difficult duzs te their location in a waterv
pit and also cduc to their relatively high curiage., It is proposed that since too
sources are in water end tnat the water touching tne survace of the sources is in

cormmon witn the rest of the water, we L2 neruitted to test aliquots of the water
for radinactivity on a quarteriy basis, In this vav, we should be ehle to nicy
up contamination very rapidly, i gross contaminaticn accurs, the area meniters
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Kansas State Department of Health
Page -2=-
October 19, 1970

shotld detect it to inform us of the inconsistency.

1f more information is required, please contact me.
Jery truly yours,

John P, Lombert, Director
Envircrnmental 1ea1tﬁ and Safctly

JPL:dg

LWSag € c/U.YPJ

-r.fijl £
/}// g;:f ﬁ.
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13.2.3 Additional Information--December, 1970
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Manhattan, Kansas 66502

Office of Radiation Safety
Ward Hali

December 3, 1970

Kansas State Department of Health
Radioiogical Health Section

State O7fice bBuilding

Topexa, Kansas

ATTENTIGW: €. . Allen
Puulic Health Pnysicist

Gentienens:

Erciosed is additional information concerning the Califoreiun-7567 zoure.
wnich we hone to obtain in the near futurce., Hot all of the yeoussted jufor atic
is availabie &t this time, e. g., the methiod of transfer of the sources is i
yet known because the cask for transporting the sources here has ot hooa oooe
pletely designed or buiit yet, ilevertheless, I will try to sugply yoo =it oo
much information concerning the sources as is possible, I will gie ru to
infornmation in the same order that you requestoed it.

1. PerTormance characteristics and prototype test data for ziv: <
packeted source,
zns. See enclosed sheet titled, Aopendix B, (Addendum i’,

)

2. Dascription of device far raising, lowering and securing the otece
in the tank plus procedures for controliirg unauthcrized nererarel
when sources are raised,

ans, The vive sources will be pesitioned in a %-inch thick,
5-1nch ciameter circular plexiglas device in which hobas nave Leon
drilled to hold the sources. The plexiglas plate will be steadicid
by two metal rods that are soemi-permanently nositioned, Wiun 2
source is raised, the plexiglas plate will be raiseu to 2 Tovel
one Toct below the lower surface of the tank ar floor level, A
stop will be instelled so that a traversing mechanism cannot raise
the sources any higher than on2 foot below the floor level, Tozve-
fore, the plexiglas piate must be raised manually from tnis roint,
This will help to prevent unauthorized individuals fram gecting
the Cf=252 sources out of the tank, The sources «ill thru Le
raiscd by a Tong magnetic tipped tong and placed in the botian of
the water tank at desired locations. Thae design for the oo
mechanizm has not been finalized yet but will protahly be siwilar
to those used at Savannah River,

ias razeddres thal will e follased & 3 Sl o3n 0D sy

nersonnel are excluned from the radistion area waon a souccs o

silswa are shailar to those that ;o v Lo e ckhar By pabeag o

Uity gubnorized personnel are iS.uic e v Lioact ol oo
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7.

usualiy rnuaber approximately 10-15 individuals) plus when a CF=252
source is in the raised position, one uof the aavisers will be
present at all times.

Anticipated dose rates at the tant surfaces. (See attached drawinns,)

ans, Sources in the down ~osition - mininal or not defectalle
avove background, Sources:raiced to one foct below floor level -
approxinetely 17-20 mrem/hrr at four foot level of tank., lininc]
at two foot lavel because a metal platform supported by "' Leaws
wiil be positioned at that heichi, 1If the dose rate is too high
under the platform, some atienuator will probably be added.

Sources in raisaed position - 103-500 mrem/hr at three or four feat
ievel of tank. (Ref: Estimation ¢f Cf-252 Shizld Pequirements, h.E.
iiootman, ALC Dpl1232, Savarnah River, April 1970).

water system of tank

zns, Originally the water system will not be circulated. Initially,
distilled and/or demineraiized water will be used., If this nroves
unsatisfactory, a circulation system containing an ien oxchann
coiumn is availaible and will be attached,

Hinimnum leak test

ans, If the source contaimment is rupturcd so that Tiszion oracucts
and C7=252 leak from nne of the sourcas it should he readily
datectable, Tne lower sensitivity for the multi parameter ganig
spectromater is approximata'y 1 x 107" microcurie for I-1321 or

20 times more sensitive then necessary to detect ,.00% wicrocurie,
Radioactivity as low as one picocuric per milliliter is detectable
in the “Tri-Carb® liquid scintiilator. It is my cpinicn that we
«“i11 have no problems detecting 3 leaking source i a rupture choul
oceur,

trergency procedures.

ans, If the shiclding {water) is lost, the sources will still be

1n the bottom of the eight foot pit so that no direct Liazard shaul«
be present. If containment is Tost, wipc tests of the samples

upon rcmoval from the irraciation area or sampling the water shoulg
give an early indication., If another type cmerqency accurs oiving

& high radiation level on the area monitors, the persons are required
to leave the reactor bay and contact the Radiation Safetv Jfficer
and/or the Director of the Nucliear Reactor Facility,

.an: dimensions

zns, Tae circular tank is five feet in height and four feet in
diameter, and will be protected with an aluminum cover ar olastic
(polyethylene type) sheet,
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3. Loading and unioacing

ans, This fs still to be detornined Lecause the wrueportcliog
cask nhas not Leen conclructod yet by the ALC. TL Ly gsnused toat

a transfer cesk cornatible with the transportation cagy -ili oe
constructed, This will permit the two units to Jein tojeimr e,
aliow one 10-miliigran scurce to Jdrop intu the transfor cash and
than @ove that to the stureye pit. The magnetic tongs ill taen o
used to position the source iato the pluxi-jlas aclier, Tuisg
information nust te confirmed so T woulu like to defor trom
answering this precisely until later,

8. Operating procedures
ans. Initially only Your persons (N.D. Eckhoff, R.x. Clack, T.C.
Roberts ond J, Lambert) will be authorized to use the sostem anag,
thaerefore, one or several of the aforementioned rian will Lnow what
is being introduced in the sample. The mechanism for sample
positioning is the same as that used in Lhe reactor - siome type of
vials and pulley or winch system, After a sample is removed,
radiction levels and sriears are checked, If a high radiation level
exists; the sample will he placed in storage until the rauiation
dose rate is low ernough to nermit pandling,

10. Leak tests vs, activetion products in water
ans, There are several ways that one can detoct @ lealing Ci-252
source, These are; .
1) Gamma spectral analvsis,
2) If a source leaks, I-131 will bLe released and detected -
the I-131 detector. Experience has shoem inat the I-137
dutector is very sensitive,
3) CF=252 is an energetic alpha emitter and i€ aluha radiaticn
is detected, onc wiil readily be aware of . possiois lcakirs
‘ source.
I hepe that most of your gquestions nave been answerca satisfactorils, As
more informeiion is received on the transfer casks and the saadling toags, |
will forward it to you,

Your expedicnt handling of this aswnomoent rejucst will e snoraciatoed,

Sincerely,

Jnhn P, Lambert, Director
Environmental ifaxlith and Safety

JPl:idg



APPENDIX B SR
(ADDENDUM I

INDUSTRIAT, SOURCES, SR-Cf-100 SERIES (0 TO 10 MG OR O TO L2 Ci)

A. . Identification

Description: Zircaloy-2, Grade 32, is an acceplable
alternative meterial to type 304L stainless
steel for the outer capsules described in
Appendix B (drawing SK-184-P¥).

These capsules are the same design as the
stainless steel capsules and have been tested
and evaluated in the same manner, hese iests
include heating each completed Pt-Rh inner
capsule for one-half hour at 1000°C in air
before the final leak test. Testing,
fabrication and handling procedures for
Zircaloy-2 outer capsules that differ

from those for the stainless capsules are
described in this addendum,

E.  Prototype Tests

-

1. Burst Tazt of Circumferential Weld

Eyarostatic hurst tesv of the circumferential closure

weld in the Zircaloy-2 outer capsule showed the average
burst to be 41,000 psi internal pressure at 25°C., AT

TCO°F the calculated burst strength 1s 13,000 psi invernal
pressure based on the Gecrease in tensile strengih¥* at 700°:
compared to 25°C.

¥, Quality Conirol Procedures

4, Yelding Control

Zircaloy-2 capsules are auvtomatically TIG fusion welded
In & controlled helium aumosphere,

*Table 2 - NUCLECNICS DATASHEET NO, 30
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The pelletized platinum foil that contains the ‘520fq0 is senled
by tungsten-inert-gas welding in the type 304L stainlcEs steel

primary cansule, -shown in Fipgure I1I-2.

The' primary capsule 1s then decontaminated, lealk tested, and scaled
by inert gas welding in a itypec 304L stainless steel secondary capsule,
shown in Fipure II-3.

The completed assembly is decontaminated, leak tested, and calibrated
before shipment to the user,

Prototype Tests

The integrity of the source construction and seal weld was demon-
strated by successfully subjecting the secondary capsule to internal
and external pressure tests far in excess of pressures expected under
the most adverse service conditions, Pressure created in the inner
capsule from aipha decay and fission gas buiidup of a 100 pg 25z2¢r
source are calculated to be 4,8 atm (70.7 psia) at 30°C and infinite
decay, and 17 atm (250 psiz) at 800°C and infinite decay.

1. 3Burst Test of Circumferential Weld

Hydrostatic burst test on a circumferentigl closure weld in the
outer cepsule (Figure II-4) revesled that the average burst
strength of the ecircumferential weld is 47,500 psi at 25°C. At
800°C the burst strensth would be 2500 psi internal pressure
based on the decrease in tensile strength* from 25“C Lo w00~ C,

2. External Ioading Tests

. The two worst conditions to which the source is likely to be

. subjected are a) crushing by a heavy object such as the
shipping cask, and b) collapse under hydrostatic pressure,
such as the capsule would experience in deep well or deep
sea environment,

a) Crush Test - A shipping cask for a 200 pg (104 mCi) source
may welgih about 2000 pounds. Assunming a safety factor of 5,
the source was placed between stainless steel anvils loaded
with a totel of 10,000 pounds, removed and pressurized with
helium at 30 psi Tor 30 minutes, then tested for leaks with
a heliur lerk detector. No lecaks were detected. Photograpns

o’ the ©ource oiter Lvent are shown in Figure II-0.

b) Hydrostatic Compression Test - The hydrostatic pressure under
10 nmiles of sea water is apout 25,000 psi. The capsule was
subjected to 25,000 psi helium pressure without measurable
deformetion, and then testved for leaks with a helium leak
tester whose lower detection limit is 2.8 x 10~ cm3/second,
w0 lezks were detected.

*Maximum allowable stress values in tension for austenitic
stainless steels, Section VIII ASME, Boiler Code.
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13.2.4 Adcitional Information——January, 1971



=y

7
/f’;?'ﬁ,v"‘*"k \t“\“
KANSAS STATEZ DEPARTMENT OF HEALTH (:,_-f -w—nl~}1

o

; January 5, 1971

E. D. LYMAN, M. D., M. ?. H. -
Diractor of Health

_Fomsi. A-1

John P, Larbert

Kansas Statz Unilversity
0ifice of Radiation Safety
Ward Hall

Manhattan, Kznsas

Decr Mr, Lambert:

This is in referzsnce to your application, dated October 19, 1970, and
letter cated December 3, 1970, pertzining to an amendment to Vansas
Radioactive Materials license number 38-C011-01 to authorize posses-—
sion and use of 30 Curies of Californium 252, The following additional
information is requested:

I, A description of the mechanism for raising and lowering
the sourccse (This should include drawings and a bill
of materiais,)

2, A decscription of the tong mechanism to be used for source
maaipulatiocn,

3. 4&n indicatlon of the magnitude of leakage that could be
detected in both still and circulating water svsteus.

4, .2y indication of the loczticn of the proposed tank in
relation to permanent or semipermznent work stations for
reactor personnel or e:perimentors,

5. An estimate of the weight which tha tank cover will be
able to support. (Will the facility desigm be such that
it will be required or convenient to use the cover as a
support for equipment or personnel?)

Review of the application will be continued upon receipt of the infor-
mation recuested above,

If we can be of further assistance, please do not hesitate to contact
this office,

Sincerely,

DIVZESION QT FWV;R?;HEJTAL TEALTH

'
st ELL
N e e,

Public 'fealth Phvsicist
Radiation Control Section
GWAzal

TGP RA
KANLAS
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Manhattan, Kansas 646502

Office of Radiation Safety
Ward Hall

January 19, 1971

ensas Stote Cepartment of Health
Radi aaouzcai Health Section
State OfTVice building

Topeka, Kansas

ATTENTION: G. W. Allen
Public Heaith Physicist

(‘:
:3
-—!
:a
o

Additicnal informction concerning cur request for fifty (50) milligrams of
Californium=-252 is now aveilable and it is hopad that the information providec
is in sufficieni detail for complete reviaw of our application, The answers
are in the sasa order as your quesiions asked in your letter dated 5 January 157

Quastion 1: A description of the machanism for raising and lowering tie
S0uVCas.

Answer: Figure 1 represents a side view of the storage tank,
Uimensicns and dose rates at varicus locations =cre submitied in
ctter of December 3, 1970). Tne central thimble is used for sample
trw to the sources., It is made of acrvtonitrile butadiene stvrene

“ plastic pipe) on tha bettom six feet, The top six feet are made
f po]jvi1y3 chtoride. The source holeer (1% nolvethylena niate) is
ttached to the central ~11ﬂ31e by maie- femaie connectors, The top
f tha thimbie is gquided arnd clamped into place by a 3-pronqed
cboratory clonp. The fittinns at the six foot leval are utilized o
ravent wmovament oy the central thimsle past this claap.

—lf"\

thiimble will be clamped to the traversing mechanism (See Fig, 2)
on the verticzl movement bar. This bar will be szt to traverse Lar
feet in total distance, The clamps will have to be reset Lefore
urther traversing takes place. The machanism shuts off automneticaily
if this three foot limit is exceeded, Two traverses will raise the
scurces to the six foot level,

uestion 2: A description of the tong mechanism to be usad for scurc:
manipulation. _

Answer: The source manipulaticn tool is a seven (7) foot long
stainlecss steel pipe with a maqnet attacked to the end of {t. This
tool has becan used with a dummy source in and out of water and ro
sroblems have been encountered with it. (See FigJd, MAG PICKUP TOOL).
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Srle Lesd

LI.? x 108CC), which, when ¢iluting 005 microcuric of activit;,

avides an overall concentration of 3 x 107

dpmfmln 2 limit thet is not easily detected, Tnarefore,

that we be pormitted to monitor the water on 8 quarterly basis

oebserve th? increese in activity, if indeed there is any, olus w

uc/ul ar only 6.4

it is

the ion exchange column with a gammascope on a quarterly sasis
chack tha same colunn with a neutron monitor (HEMO) on 2 weekly basis,
With these results available, it shoulo be quite easy to detect any
leak in a very short time, Also, past reactor exrmerience has incicato..
tiat tie earliest dotection of an unknown release of fiscion pruiucts

Lok T2
LPUNESL L
55

and

=

is usuaily picked up by an I-131 monitor, which we have located in i

reactor cay.

Tnis is actually a request to examat ,s from Section 23-35-215 ()
and {3) LEAK TESTS, of Part 4 of tie Hansas Padiaticn Prataction

Regulations because o7 the unfousness of the situat

sgLoces are in water and the water will g throush an icn
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1 radiation,
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ion &: foy indicaticon of the Gocation of tie rroncsed tank in
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experiiaentors,

Answer: See Fig., 4. Tnis elan taken from page 35 af the
Summcry Report for the TRICA Il Reactor with th~ locztic

and platform added.,
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hinsas atate Uopartmont of ticeloh
fFaye «3-

January ¥, 1971

uastion S An extiaato af cthe «giasl which tre want gover i

suppaort.
Aaswer: See Fije o. Tne atuninus tank cover «i171 sunsort ol least

170 Gbs. It will Le held in place by C-Clanps. Thaw cover coul® bo
usad to support equipment, Lut support of perscnnael ill b Jiscuurage:,
ine piaaiglass covers ave rewmoved by lifting thes ocut Ly the handlas.
With the availability of tue niatform, a2 Lridge across tihe lop of the
tank is unnecassary. An average sized individual can stand oa the
platform and reach to most areas of tne tank, ff necessary.

Addivional Inforcaticn: The sources when received will be racked in 2
plastic vial, 2 X %" dicmeter, to which & string is attachac., The string «ill
be exposed even though the source will he shielded in the shipping cask., The
string will be lied to anoiner string which is part of the unigading device,

a nine foot pole (Sce Fig. 6). After the strings are tiad toqﬂthcr the nnerator
wili move back, pull the Cf=-252 capsule into the lead snield 2nd carry the snurce
to tae storoge ni* The entire oparation, accardina to onur rahearsals, should

be less than \1vu {5) minutes. The calculated dose to the operater with tuz
source in the open air would be approximately 200 millirem., Hith tne <aurca in
the lTead funne!, the dose will be considerably less tnan this

After the scurce is in the water, the capsule will be opencd Ly ullin,
the string and the magnetic tool will Le used te positien tae sourca, xnoots
dose for tiis operation is Tess than one (1) millivem bLocaus - f the water
snielding.

Your proapt attention to this melter will ke greatly anerccistoo,
Vapy truly vours,
Jonn P, Lamiert, !irecior
Envirommental iealth and Sufoly

JPL:ag
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13.2.5 Application for Amendment No. 23



i/ 2 7
Acnsas Siale %‘fz«ziuerditg 51

Manhattan, Kanscs §6502

Oifice of Radiation Salaty
Ware Hail

February 25, 1071

Yonsas Statz Depertment of Healt
Rediclogical Health Section
State OFfice Buildir .

Topeka, Ka...as

ATTENVION: G, d. Allen
Public tlealth Paysicist

Gentienen:

Duc we recent circumstances beyond cur control, we are rosuesting Ameoinent
Mumber 23 €o Kansas Radinactive "aterials License o, 38-C711-01 under which
ransas State University presently operates. This amendment i¢ e nermit us tc
incraase the source sirength of the individual Californiim scurces from 5.2 curie~
each to six (6) curies (£20%) each, The saurce numbar that we ardared (SR-NF-100}
v3s described as having a maximum weight of 10 2illigrans, tHowover, the otner
day vie veceived information that the first menufactured snurce contains 11,1
milligrams of Californium=-252., Tharefore, in ordor for us not to exceed our
iicense, it is requested that our license he anendad to nermit us te receive,
use and possess 50 milligrans (£10) with each of five (5) sources rn® =~ oxceed
six,{6) miiligrams (£20%) each.

Sincerely,

John P, Lambert, Director
Fnvirarmental Health and Caforwy

P.5. Dlease suppiy me with some Pre3 fnrms i€ you have them availanie,
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13.2.6 Application for Amendment No. 25
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Mav 5, 197}

" - L L -
¥r, Jcha L-mboot

Radiacion Safety OJficer
Deoay Hr. Lantart:

This mate 4 €0 Initiste o amonczent for license number 38--COL1-02

It is can:c*: d dlrestiy with amcn ndment 22, 7., B3B,, Sesled Lources
L3C Savaanth River Opcrations Model Mo, S2~CF-180-Z). Thye califurniun
arvived in Ffour sources and the integﬁation ghects for the seurcis nid
eacloscd. You will notice that source 5F-CE-161 Las tle szainlesn steel
outer capsule and nst the Zirealov-Z. The fabricatorc ot Saverral bivey
nistalienly encapruiated the source in the stainless stcel, They called
and ProZf. Clschk indicated that we would teke the socurce znyuay.

Please Zind enclosed the test information shects for the studuless
steel cansule.

Sincerely,

Ll r

berts

1 fo
Protect Cocordinator



../{i,, FAa] .._(J;’f:z @/ lversit 1

Lianhattan, Kansas 66532

154

Offica of Rediation Safaty .
Waed Hail : £
Hay 12, 1971
Ransas Stote Denartmaat of Healtn
Radiciogical :ualba section
State Gidice Suilding
TG{'Jr\u, RGIISAS \:CVI

Geuticuens:

foacndacnt wo. 25 to Kansas Rediocactive aterials Licenso Ho. 30~ CGl]—ﬁ]
is uoreLy requested to permit us to usc, possess and transfer Califarniun-
252 saurces cncapsulated in stainless steel as well as the previcusiy requested
zircaioy - wetal.,  Tie wanufactdrer of our ten {10} milligram Californius scurces
inauvertently uscd stainless steel in the procuction of cne of our scurcas in
Ticu of tho requested zircaloy.. Instead of Ge]ajing our acquisition of thc
SCurces, We accepied the stainiess steel enclesed capsule so that cur work
COurd procecu as planhed. The specifications fur the encepsulation are listed
under the wodel sice SR-CF=100 Series in the iaf oria tiun sihiects sent to yeu cn
5 Se

149 uclover 1970, catitled, "Descripiion of < 2sZ¢ T Sources," uated 8 Septemier 13069,

At tiis same time, 1 would Tike to get pernission to aliow operators of
Lae Calilowniwg facility be certified cr ng”quu by a subiccaasiitec of the
Radigtion Suvety Cormiittee, The records of these upprGVu1s wouid be maintained
with the winutes of the Radiation Safety Commitiee mectings. I au sure that
HOU Cat see Lhe reasonind for this reguest 1o Thac as aore LKJLT.MWCL e gained,
Here WO Shouly be pordomied oo the taciiivy requiving nore indivicwdis o do
Lig uulL. unce aguing et e rosting you thai inc operators c’ the facilivy
LSt L hey hoidars to the nuclear reacter bay uecausc the Caiifourniun is
consalancs tuerain or, a3 kKey holder wust Le present to perait zccess to the

Tecitiiy. With tids typa of a controi ou the sourcas, 1 caninot Taresce any
situations tiat would Lo detrimental to the health or safety of cther nersons

ike to take tiiis opportunity ic register a nou K=ray aachliw
t. The unit nas tae following specifications:

Hanufacturer Profexray
BOTH T 1050
aVP 150

it 102G
Sarial wo. (control panel) C510=0171=002

Overhead tube C97%6 (Star Sepphire Tube)



TN

1t has an ima

imag2 inceasifier that is usually used at tne setiing
o7 160G VP ard 3w

(R}

| o S}

3
~e

Tris unit i3 a permanentiv instalied, diagnostic X-ray uscd in the
Yeterinary idiospital at KSU,

Sincerely,

Jonn P, Lambert, Circctor
Environmental iHealth & Safety

a e

=

J?
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13.3 KSU 252Cf Facility License



THE KANSAS STATE DEPARTMENT OF HiLAlit |

E. D, LYMAN, A D AL

Director of Health

P H.

o4

¥o. John Lambert

Kansas State University of
szriculture and Anplied Science
Hlanhattan, Kansas 66502

Dear lr. Lzmbert:

Eacliosed is amendment number 22 , rfor Radioactive Mat

Liceasce number 38-C011-01,

aerials

If we can be of further assistance, please do not hesitste

o ccatact this office.

Sincerely,

EN’IR?“%C(TAL HEALTH DIVISIO

//»ﬂ//%

Gerald W, Allen

Public lealth Physicist

Radiztiena Control

Scctien
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Y o 5L AN, ¢ | —ae = FOALE
E STATE GiI7 KANSAS
~a Ry 5.y AT 158
RADIOATTIVE MATERIALS LICUNSI
a®
e _ementary Sheet: License Nuwhey 38-C0711-01
>
’ Anendricnt No. 22
*e :
» e :
{ansas State University of
EEriculture ead Applicd Science
Manhctten, Kensas 66502
f®%ense nusber 36-C011-01 is hereby amznded as follows:
. L]
A
[o add:
by
-
pe Radicactive materials 7. Chemical and/or physical form 8. Waximum ouantity licensse ey
ement end mass number) possess at any one time
BBB., Californium-252 BBB, Sealed sources (AEC EBB., 30.0 curies total, no
Savannah River Operaticas single source to exceed
liocel ilo. SR-CF-100-2) 5.2 curie
*
-t

COHDITIONS

Ten designed irradiation ecuipment as a source of neutrons for
is, radiation dawmage studies and research.

2 letter dated October 1S, 1970 sizned by John P. Lambert, with
attachments.

ne etter dated December 3, 1870 signed by John P, Lambert, with

the letter dated January 1S, 1971 signed by John P. Lambert, with
attachments. .

"vg‘ PR L] - 1 .' - . - - 1. : -
Condition 27: Tne leﬂx TE&ST recuirensnts ol tiae hansas Radiaticn Protececticon

Y :
: 3 Regulations 238-35-216 (A) and conditicn 15 of this license will
ccusicered to have Deen satisfised for the sealed scurces

= ba
P described in subiten B3o Droviding the licensee ccnducts the
3 i , T z i . .
special tests wescribed in the letter dated JSenuary 19, 1971
*p and sigsned by Jonn P, Lambert.
2 ®
=
3 l'
- ) . .
FOR THE- )Sl ATE DEPARTMENT OF HEALTII
+ 3 v 2w
X REH RS 3 </
A / /.'t
* Dute __{‘}' ;’-’a e /" G- =¥ P —
e 33-2070 al = 13-68-4 Fobert C. -ll fvT,'i‘; i';:/{-(r
Radiation Con’“'l Sectioca



RADIOACTI

" 'anlenentary Sheet

Kansas State University of
v Aericulture aml Annlied Science
Manhattan, Hansas 66502

License number 38-C011-01 is hereby amended as follous:

STATE OF KANSAS
MATERIALS LICENSIS

e

Page_ .. ERTY A S 1

155

License Numbher  39=CN11-01
Arendment No, 29

To read:
8. Maxinum quantity licensee mav
possess at anv one time
; B3%. 30,0 eurles total, no sin~ly
_ source to exceed 6.0 curies
To add:

Condition 13. (w) <che letter dated February 25, 1971, signed by Joha P, Lambert.

D.lh‘ 1' "l\ R ",- ! ]J 1’ !

33-207%

FOR THEASTATE DEPARTMENT OF HEALTH

) —

q,i\ 2t e 12-63-4M
A

Radiation Control’Section



STATZE OF KANSAS 160
CACIOACTIVE MATERIALS LICENSE
Sunplemerntary Shcet:

Licensc Number 8- Fqli_gi_—_

Amendment No. 25
Kansas Stats University of

Agriculture and :Appiied Science
Manhattan, Kensas 66502

License number 38-C011-01 is hereby amcnded as follcws:

TO RZAD:

7. Chemical and/or physical form

B3B. Sealed sources (AEC
Savannah River Operations.
Model No. SR-Cf-100Z or
SR-C£-100)

Condition 12. ' Radicactive material may be used ornly by, or under the supervision of,
individuals designated by the Radiation Safety Commit“~e or a sub-
comnlttee therecr, appointed and authorized by the Committee to act
in its behalf on matters pertaining to the use of the sealed sources
of Californium 252 described in item 7. 5BB.

> FOR Tf{ T STATLE} DEPARTMENT OF HNEALTH
! LH.Y 2 3 1 {‘!
D.}h‘ _.AR:-' e T e T it 2 i
33-2078 @i e wwaun  nobert C. “J_ll_’ Chief

- ‘ Radiatien Control Section
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13.4 232Cf Source Information Sheets



e ¥ S Ce Rt A LTI O S L o CRILITT AL apees KO 2228
‘05-2-’5’3"’:@{12 NETRURIRE - B L A i 1 AU AN R S R 5. 162
-t OBIGIENAL —NOT NYBEGdTIABLE
‘-hp IrL State sotor Linos CABRIFH'S NO,

. ™NOANYG DL BT S N R

RECHIVED. subject 1o the classifications and tarifls i effect on the daie of the issue of this Bid of Lading,

i 0 e o - - -

;.D].I.llb.';‘.rlﬁ}l,,ﬁ;o e . 120,19 71 From Karnsas Stzte Unj_v(‘_-rsj_ty
re property described below, in apparent sood arder, except as noted {contents anc condition of contents of packayes unknown), marl_cml. c_onsx-,mcd: u‘mli‘_c‘l::.l-r—.;.r'!;
s indicated below, viach said carrier (the word carrier being understood Lhrou}-_hqul this pDr.tract a8 m.oaning any person or corporalion JT ||.u.-m th ':-l h
pruperty umder tiie contr to carry to ils usual place of delivery at =uaid destination, if on its route, al.herw_lae to deliver o f-nplhrr c:;.ru:- on t }:.- r ‘r~t . l-
soid destinuidon. I is mutualiy apreed, as 0 cach carrier of wll or any of said property over all or any porticn ol'l said route to d- st:n.nnnn‘, wnd as to ;.-n;': ! 1[-;- }; u

any time ntercated aeoall or awy of said properly, that every service to bo performed hercunder sr_la!l !»g subjcct_ta all the terms und conditions of the J :u ‘-lfﬂ-l
ﬁ:’"— estic Straight Bill of Lading set forth (1) in Official, Scuthem, Westen: and illirois Freight Ciassifications in elfect on the dule herecd, if this 15 a rual ws
ratl-water shipmeni, or (2) in the applicable mutor carrrer classification or tus if this .s a motor camier shipment. )
® Shipper hereby certifics that he 1s familiar with all the terms o: <] conditions of the said Bill of Lading, including those an the back thervef, set forth ml lriu-
classilicalion or tariif which .overns the transportaticn of this shipment, and the said terms and conditions are hereby ugreed to by the shipper and acceptued for
himself and his assigns.

'—'_'HR_EUTE
Lansas Civy Uaiversity ! rri Stete Motor knes
Lept. ol Nuclear kngineering !

;" i it V - -— C

W 2 _ Trailer No. T-82932
»-arr l‘L:ELl v - e 'DELIVERING CAF;]EIER 'l
manhattan, Kansas 66502 i

Attn: R.¥W. Clack/T.L. Rober:s |

ONSIGNED

7 $C:

'CAR OR VEHICLE INITIALS INUMBER
MAIL - 3 STRIZIET ADDRESS OF CONSIGNEE - : i
FOR FURPOSES OF NOT FICATION CONLY 1 1
2 o h R . -—l- Subject to Section 7 of Condi~
¥ NUMBER KIND OF PACKAGE, DESCRIPTION OF ; WEIGHT * CLASS CHECK :ions.‘if this agreement is 1o be
;ACK»\_G_%S ) VAF\‘TIC_LES, SPECIAL ‘lﬁR_KS_, ?__EFQE?T_ION? L ___Eu}:ject to Correction)| OR RATE COLUMN delivered to the coniignee withe

H out recourse on the consignor,
i . the cansignor shall siga the

¥ e = st - - r - 2 4

1. . iCask Radicacvive iaterial.. 28,800 # following statement:
| = = The carrier shall not make de-
> i ‘lx’very of thiz shipment without

e - s 2. = Tt " 2 i !

T Radﬁoact ive. SQJ pment & {payment of freight and all other

. W
w — —-~ikransport Group Nc. I

| T T P>

e
= B 5 5 5 . . SIGNATURE OF COHSIGNOR
- _Rzdionuclides: Californium—252.iz blei ,,,Z(.,. 2

Iawful charges.

o P e =
[ If charges are to be prepaid,
! I write or stamp here, ““To Be
| sy . : Mo id.””
i ey RAa 248 Curies Tatal . . . __ Prepai

; D Collect

- - -~ - . -y - ’ »

— ... ; .adicactive.Y¥Yallow LII.-La.belsJ?’_equ-:ued S

l J :

~Fissile Class: lot_Applicable..| _ Received §

! - o l to apply :in prepayment of the
’ : charges on the property describ-

!
| Transport_Index: 5 Units Radiation ' R
i .

B | _Special Permit No. DOT SP 6323
|
|
i

AGENT OR CASHIER

_Radicactive” Placards Recuired, Black on Yellow B
l 3 t

Pe.

T
(The signature here acknowl-
edges only the amount prepaid.)

EXCLUSIVE USE VECHICLE INFIT™ 7 REQUESTED.

CHARGES ADVANCED:

v, i R =

b} £y
i M.o. 0RDER NO. OSOS D021 T AGENCY GRDER NO. s

Lt Dasses aaed Tos dhis shipment conform Lo she specifications set forth in ihe box maker’s certificate thereon, and all
Fequrene i . e Aol the Consaliduted Freight Classification. i
Jhe Gitver burre s, dreams, paitls, or tubs used for this shipment conform to the specifications set forth in aker’s l

ate theron, wwd all other requitements of Ruse 45 of the Consolidated Freigat C'agsilication.

1, sl for as shipment conform to specilications for paper bags, Rule 40, Section 10 (c) of Consolidated
st ution,

i
cight ¢
1 The fibroboard covered venees dmms used Tor this shipment conform to the specifications set forth in drum maker’s certifi-
cale thereon, and all atber requaremants of Rule 40 of the Consolidated Freight Classification.

5 tmprint an tien ol st oot apart of 1311 of Lading approved by the Interstate Commerce Commission.
Iapmienl awves between iwo pocl s by oo carrier by waler, the law requires that the Bill of Lading shall state whether it
eri or alipper’s weight' NOTE- Where the rute is dependent on value, shippers are required to state specifically in
e npreed orodeciveed valae of the propery. The agreed or declared value of the properiy is hereby specifically stated

b thos shippers (o e ot excesding - Lr cents per Oound'
PER

veotee v ey thad the abvove amedd artie les ane properly classifiod,
pchapned, ke i babeled, aed are proger condilion foe I .
T 2 S 5 =
L T |~-_w‘-l:--n, s cnniingn b e appine absle sepalations of the Depurtment of .['I"l S Ja-cve MOBOI‘ L-Lnes
LTRSS Y1 N R P . =T eeEClL R PEAGE S ECRN pegs =

B{uianhattan, 1{;1/rz’sas ,o0H02 RA--— 5 e
. A /- f PERE = /0T 8L oo
’:«é z/fz{f/;'-r Aﬂ-"?/

e i
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5:;( '\"\K_.-_‘}‘ UNITED STATES
e RAPAL ATOMIC ENERCY COMAMISSION
! g ,’j SAVANNAH RIVER OPIERATIOMS CFFICE

B.0.00K A
AIKEIN, SOUTH CAROLINA 29801
(TEL. & TEL NORTH AUGUSTA 3. C.i

,.0R 15 W7

Dr, surtis G. Chezenm

srefessor ai.. Head

De_ariment o Nuclear Engineering

Zonsas State University

Zlaphatvan, I:nsas 66302

‘Senar Dr. Caezem:

Zzci0Scd are the 252(:*"' Neutron Scurce Information Sheets foo

+he Zou>r sources that were shipp:d on londay, April 12, 1971.

Siacerel; yours,

Al

etson
i iManzger
Enclosurcs: L
b3 stuied

¢c:  Si. E. Perry, Comatroller
1Sy, w/o encl
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i . WSPECTIAL PORMM = <2D20f “'ounnoN SOURCE
. ¥

Source Icdentification Numbar SR - Of - 153% Date: April 7. 1971

Shaipped To: x&aifi;\fﬂ”q_L iveysity gh Marhatisn, Kensss
Ltierdtion: o8 Clack/T, _E _Kobey tq

uter ule Refereace Ddrawing evr:  SK-18,4-PM

rimary Capsule Rerercu;p TEWING Sl SA-LOJ-UN

DECONTANINADTON AND CIOSURE TES

3

&
-

Capsule surfaces are decontaminzted after closure in an ultrasonic bacth
*until the fiush solution contains less than 2C0 d/m per milliliter tota
*'aTD ha aceiviey The capsule Is further ce ontaminauea, iZ necesszry, unci

- all excerior surfaces are frec of contamination as determincd by a wipe test.
-

b f, s

"
L Each assembly is immersed in a helium au.o phere witihli & prassure of at least
300 pouncs per sguare iInch for a period ¢f 30 minutes, then transferred to
¢d helium Jjez2lk detector. Thne leak detector has a minimum sensitivity of

.1 0 x 10-8 standard cubic centlmEuer¢ of helium per second.

-1 Teszs : ' - " -j

ule wos rfound free of detzactable leaks and contamination

utzon emissiorn. rate of the finished assembly is determinsd by conm-

s chrength to has of a 252Cr sourcs calibrated at the MNational
Standards. <The tompariscn is macde by inserting the cepsule assen-
array of fission tube counters and mpesuring the subseguant incuced

current by a sensitive ammeter. The 232CF content given below is

TivVe pr net californium contenc calecuigted From the meuvig-zon emissicsn

is give1 in eguivaient welght units assuming 2.311 x 10° neutroas

¢ ger microgram of 2352Ci. Corractions are made, when necessary, Jor
con:::b 1—ion to the totel neucron enission rate. The 252CE present

d to cdacey with an effective nalf-l1ife of 2.646 years; the 254CF,

T, LS assumed to decay with a 50.5 cay half-life.

¥ Contants
i =
The tctzl nesutron cemissicn rate of this source was found to.be2, ﬂ?éxlo*a
nevtrons per second with a'stancdard er-or o I 3.0% n Februecy 22,1971
M*The 254C{ cont-ibution to the totzl was calculatec to be 0.307¢ x C7 oer
wSecond on the same date. The effective 252Cs content WES celculacad to be
11.1b3  mg equivalent with a standard error of 2 3.0% 5
The radizticn intensityv at three meters from a sou*ce in air at standard
tncipneric coaditions and wicthout con:r;b tigns Lfrom scettoring hedia is no
ngater than 400 m-er/mr neutrons pius 30 mR/hr Y fior eacnh mililigram of
<CF Am th

f’l” //-.f' .', .j"_/
i E. Esmen, Lhies S. Mirshak, Dircctor
2lanpning <nd bovelopment Branch Nuclear Tnggy enc Natericls Section
%ROO, USHEC Savanneh RLver Laboratory
Ailken, South Carolina 25301 E. 1. cu Pont ce Nemours and Co.
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ZELIIAL FGRMY 252Cs Mn ITION SCURCE
l Source identification Number SR - CF « 152 Daté:dnpeil 7. IGRL
, Shigped To: _Kunsas Stats University at Marhettan, ¥ansss
X Ahsontion: R. ¥, Clack/T. L. Roberts
Specification: Cuter Capsule Reference Drawing SRi.:  SK-18h-PN
' _ Primarv Capsule Reference Drawing Sink: SK-187-TM
t
. DECONTAMINATICN AND CLOSURE TESTS
L] Methold
. Capsulie surfaces are decontaminated after closure in an ultraconic bath
 un€il tie Jiush solutianh contains less than 200 dfia per milliliter total
alpha activity. The capsule is further deccntaminated, if necessary, until
* 2ll exterior surfaces are free of contamination as chucrm ined by & wipe test.
# Bach assembly is immersed in a helium atmosphere with a pressure of at leastc
300 pounds per sgquare inch For a period of 30 minutes, then transierred to
¢ 8 helium leak detec.or. 7The leak detector has a minimum sensitivity of
1.0 x. 10-% standard Cuolu centimeter s oT helium per second.
" Tests o
“ Tae firished capsule was found free of detectable ledks =l CGhiau-nacoon
e O Mz2rch 3, 1971 . :
P carrroryTUuy conTEnT
B ] ~ 0
As3av
2 ;
The neutron cmissicn rate of the finished assembly 1s determined by com-
paring its strength to that of a 232CF source calibrated at the National
g Dureat cf Standards. The comparison is made by inserting tne.c1psu1e assem-
’bly ir en array of Iission tube councers and ma2asuring The Subseguent induced
electric current by & sensitive amneter. Thne 252¢f content given Zz=low is
wthe effective or net californium content calculated from the neutron emission
rete and is given in equivaleat weight units assuming 2.311 x 10° neutrons
ver second Der nmicrogram of 232Cf, Corrections are mace, when necessary, for
b the 234CS concridbution to the total neutron emission rate. The 232Cf present
«is assumed to decay with an effective half-life of 2.646 years; the 254C:E,
if present,; is assumed to deceay with a 60.5 cday half-life.
r.
- COoncenss
The total neutron emiss rate of this source was found tc.ope?,165 x 1040
!ﬂLdt:uﬁS Der second with a suaqdard error of T 3,0% on Marck 2, 1971 .
"The 254C% contribution to the total was calculzzed to be 0.212 x 107 ser
osoco”c cn the same date. The effective 252CF content has calculateld tTo De
2 hh9 mg equivalent with & standard error of 1 3.0% . :
v The redisltign intensity &C thrse weiers tion & source in air at standard
atnospneric condiclions and without ceontributicns from scattering media is no
greater then 4i2 mrem/hr neutrons pius 30 mR/hr Y forreach milligram of
,,32Cf L oAb Cansule P .
S ‘-—/{/ :"/ L f/ /
A L S S
r»-- H. Scotf, Chief S. Mirshak, Director
',Lla;:;:q aiid Development Branch Nuclear Bngg &nd Maberiesls Section
SRO0, USAZ Savanneh River Laboratory
**iken, South Carclina 29EQ1 E. I. du Pont de Nemours and Co.

.
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e~ oty RS N A e pes pue s
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-~

, Source Idonci fication Nunber _3% - €f - 561 ate: anril| 7 8y
April 7, 1T?

t=

» Shipped Voi _ _V4o3as State Universiiy :; ldenhatfar. Ksnsas
R Attenticr: R, W. Claclk 7, ~_Roheris
Speciflication: Outer Capsule Raference Draw;:q SRI.: SK-1&-PM
' ' Primary Capsule Reference Drawing SBlL- SK-1853-2M
\ ;
DECONTANTIADION AND CLOSURE T=37E&
- 3
> Method
" Capsule surfaces arce deconvaminated afcer closure in ai Ultiavsnie bach
» until the flush sclution contains less than 200 &/m per miliiliitzo total
aipha act_v*byﬂ The c¢'.psule is further deconten inatzd, iT necsessary, until
* all extericr surfaces are free of contam: ietion as determined by a wipe test
p Bach asscmbly is immersa2d in a helium etﬁosphere with a pressure of at leasc
300 pounda DEr sguare ch for a period of 40 m*anes then TtEensferredé o
a helium Leck decector. The leak detector has a minimum sensitivity of
1.C x 10-S s:tandard cubic centimeters of elium per second.
" TESES r ' !
: Th R ot

capsule was found free of detectable leaxs and ccatamninaction
3 . ’

The neutron enmission rate of the finished assembly is detemiineéd by com-
paring . i:s strengch to that of a 252CFf source calibrated at the Naticnal
e Eureau -0 Stzndards. The com::r‘so1 £8 madeée by iaserting the capfule zsoen-
g DIV dn an erray of fissien tubs counters’ and measuring the subsecuent induces
eractric cuzront Dy a sensitive ammeter. TYhe 252Cs content given selow is
* the effecgive or pnel californium convent calciigted Fromw the nouifen =axissier
rate and is giver ia eguivalernc weight units assuming 2.311 x 10° neucreas
’ par sSgcond Jer sicocram of 2c= Correctiens are Lace, wihen nec-essary, 1O:
e ithe 254CF concributicn to the total neutron emission rate. The 232CF present
e is assumed- to decay with an effective hali-1ife of 2.640 years; the 256CE,
. if present, Is5 assumed co decay wich a 60.5 day hali-life.
- Concenis
The “otal noutron emissiocn ratc of this scurce was found to!be2.B851 x 10-¢
[ seutrons par cszend with a-scendara erzror of 3.07 on [fgarech bo. 1871 .
The 234CFf contribution to the teial was czlsoiiztwa o oe 0.369 % 109 car
¥ seccnd on the same date. : The effective 2320F content was caiculacted to se
«10.791 ng equivalent with a standazd error of 3.0% s )
- The radiatlicn invensity at three meters Srom & Scuzce in akz &t Standazd
atiosaheric condigicns aac without costribucticas from scettering mwadia is 1o
trons plus 30 =R/hr Y £for each rnilliczsa of

8. Mikshak, Dirsczor

Nuclear Zngg and Fategsizls Seccioa
Savannah River Ladorztorvy

E. I. du Pont cde Nexourss and Co.
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LA

Jure
54 ) i = 1 oo

fipped To: ¥ansas Stat Uriversity |
» stenticn: .. W, Clgck/T. €. R:berts

Specificetion: Luter Capsule Rafercnce Drawin SEL::  SK-1uiy-1¥
. ' Primary Capsule Pefe;enc; Drawing SRI.: SK-183-pin

» - - - -— [y - - -
W DECCETANQADT G ARD CLOBURE TE5%S

- apsulie surfzces are decontaminated after zlosure in cn ultrascnic bath
‘until the flush solvtion contains less than 200 d/m per milliliter toca

¥ alpha ecctivitv. The capsule is Turcher cdecontaminated, if necessary, until

M all extericr surfaces are free of contaminaticn as dbuerﬂlnud Dy & wl,e teste.
Each éssembly is inmersec in a hell um cTmosphere with a pressure of ac least

¢ 300 pounds par sgtare inch for & period of 30 n*uqtes Tuen g‘adsjefred to

e a helium leak 5ete:to_. The leak cztector has a mininmum sensitivity of

'#1.0 x 10-S sitardard cubi c centimeters of aelum per secona.

o Tests

* The Tinisnhad caasuTe was founc free of detectable leaks and coatamination
« on Marse 29, 1971 " :

- P L RS TN -~ T
@ CALITORN v CONTENT

L
The neutren emission rate of the finished assembly is deteriined by com-

p Derirg its strength to that of a 252CF source calibrated at the Nazional

y BUrecu of Standards. The comparison is made by inserting the cepsule assem-
bly in an array ol f£issicn tube counters and mzasuring the subssaguent incduced

sclectric ecurront by a sensitive ammeter. The 222CF content given below is
ne effcctive cr net galifornium content calcuieted from tThe nsutron onississ
rate andé is ¢given in equivalant weight units assuming 2.311 x 10° neutrons

a per seccond nor microgram of 292CF, Corrections are made, whérn necessarv, for

« the 23405 ceontribution to the total neutron emission rate. The 252CF presens
is assumed to decay with an effective half-life of 2.6465 vears; the 254C7F,

*if present, is assumed to decay with a 60.5 day hals-life.

e

Cosgonts

> R - Y.

N The Cotal negutron emission rate of this source was found to.be 2.737 x o™
neutrons per seconc with & standard error of I 3.0% on March 29. L?jl ’

#The 254CT contrikbution to the total w&S calculzcsc to e §.31hL ¥ 104V ser

e Seccnd on the sam> date. The effective 252CF centent wes calculaccd <o e -
10,478  mg a:uivalenc with a standard error of ¥ 3.0%4 -~ .

*  The rediatnlon intensiity at three metess from & source in cir st scancarsd
aTngsohesic criditions anc wWithout concributicns £from scaztering media is no
Crogter Thien g _prrem/ar newtrons plus 30 mR/hr ¥ for each miliigram of

S2CF in whe ule

v N
E—l
S
ot
!,J
(8]
"
1]
<§\ﬂ~
=
b
M
™~

il ._":‘_:"_"

o dte DOSEE EiSaf 8., Firshsk, DivecTos

lentiay Sal Laovslegnien® BEansh Nuclear Enxgg and Materiuls Section
SR, ade A8 Sav,hnh“ Rivers I borauo;y

Alken, Sguth Czrolina 29801 E. I. ¢u Pont de Jemour s and Co.
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13.5 XSU Arplication for LTA



; sareh 22, 1971

FI

Mr. Jchz Ve 3

—io&sizt Benemisors

Tmo.ooo e Cx=oice Compdpeicn
1380 Fodorodl Gifice Duilding

e S g s, [,
5.:.__ ?.-.'_n.l._ i

b bk ingiinng
R

124

Fraza Cloy X5 84108
Bzaw iz, Soslys

Lhe Undweoisity, o beicst of chils dzpartment, has coatracted wiich the
L. 8. Ltooie Zocrgy Commissfea (Trocductioan Division) for the use of several
calllon Lom=252 scdigtica gouraes. These sources ave the iargest of their
Cpn L ¢ idbzicctec and will toial SO milligrams. It is our understanding
thit .. coioees will be & 2y Jor shipment about Apuii 1 of this year.
i772r tems ol the conivact, sh'spiag crziagssents ar: the resporsibilicy of
t.. . Ciivsicr. Zho sovrees will be Cilpoed .a & Gove amenc-owned cask and
=y oumccd bigkigy &.-.ler heviar a gross weip..c of approximarely
sLu 3. CSze of our tasks io to Identily a qualified trucking company
ko eosk trailer from thae 3cvaaash River plant {neor Dunberzen, South
to ti.: E.nkattan ecampus of the Un'er.icy and returm che cesk/

q

Lohed oo our inguilry, we coaclude ot Tyi-State Motor Transit ol Juplin,
3 i P

Migoourl Lo naesuredly grcatoer cxperience end qualificetion inm wovemenc of
a scutee of (il zetuza Jhan z2ay other caevrier we have boen aple to identify.

it Lo ouw uuders. ndiig that Tri-State Is not now cortificatea to chdp
€2 linmoezizn, Xuncge clthough they do holid authorization to oporsie betwean
Terdarior (frvoorzh Liver) and polnis Uiss of HManhattan. Bacause of the
Linit.d Loaf-iine of tho ecurcel and tlzir Zatemsely radicict. .ve cnaracter,
Grr interects <ad these of the rerercl welfare will be matoriaily serxvec if
W coa ¢htoir slnjle-iine service end slngle-carrier respeasibility from a

fima copezicaced da tis hending of T lth-strangth radicactive sourc s,

el

sezeniic~ly, tkisg in to Teguect on behalf of Tri-State, once-time
avrlty o tTamsport uho locdad easlftrailer to Man:battaa and, following
uzlcadinl of the goureccs, return tae cask/trailer to the Sasanmah River AEC
PESTL.
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Sincercly,

Robert W. Clack, Directer
Kansas State Universicy
TRIGA Wuclear Rezctor Facility

STATL GF A B4

COUNTY OF RILLY
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13.6 Working Drawings for the AECACSSC



172

R |
- AT Tmienal

e

S~ d nan ¥ w3 A RS is NRNNE
T T T Yy e g e

WETI e

PLrd-igs siad boy

TIOL g ooror £vbar ma mm ) e
S : A T 1) S R R DA
TERC e B RS L N L N e N TS B 236 —,

[THUIRISRINILAR ] |

TINNISIT T AaEeNTL el et
S it I SR ol R
M AR R

TR =y
¥

E5) e

3
oo’

ST

@

(3

y3-L '

o ]

3t

2.
e @TTINY A% Wag Dy NN

. a¥3 Fo ol
e rzo A AN avT -

™3TALTE T AN ihva

8y e Tie-
%y Bt

ERT L PO R +)

L =4

WAl TUAE N Tt ..u...nsn,._ K
B[ia — T2 Fe2ID

S I AT TR
__I 203 3o
[

ERER kT
2ad OLY MaAsd

O3%0'EF % 2002 Lan e, o9
e R LT SN SR (D P (D)

23S o
2RI

FETRIES 1] )
ey Eesvitemng Y iﬂl»ll:l.n_.fﬂ & ™
e s = T e Xumiael Sl
iid s DDA i = J-vd
15 N o ——— s —
RN IEY VIS CIVPL TR by - =~ . 3
AL N . .
T I B RTITOE Y . A
e ngafire - .
vy
AT T - L _ G e R
i ny B-220-A4% 5 €0 77 I~ g 2h3

R FRVE N REACIRE: ST

et e
Ig-—w_=2 S RN S ) .
mﬂ.. : . FECEAR v~

NERTL]

v b

Il We e oL

Tov. v -l

B TEmL U Ty
§°vas v 20 Foaed
T3 150031 9L ALAYD

i
[

Lea, 37§ 1
(q ~=wand L Gied)

: e &
ETRY

- raixrd

.r_r.f.MI'\
.v B

Al

i eo,y Tees| T @ -

vresyscvohn| 3
sc3ny 1~p0] 3

D

BTV 2 twhi) g
te13
W
TAC

- IHIJ Z H LARL TN BT
ﬂ_nmhn\ﬁ\ L TE 3 3 Ve E.“

ﬁ,_

e e
"




AN EVALUATION

OF THE KSU MULTI-MILLIGRAM 252CF FACILITY

by

THOMAS CARROL ROBERTS

3.5., Kansas State University, 1970

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Nuclear Engineering
KANSAS STATE UNIVERSITY
Manhsattan, Kansas

1972



n participation with the Atomic Energy Juimission's 252Cf Market
Evaluation Zrogram, a multi-milligr. a facility was constructed and licensed

at Kansas State University. Transportation was arranged for the four sources,
and the unloading o the sources was accomplished by Department of Nuclear
Zngineerinz personnel. Flux measurenments of the Zacility were conducted Dy
two methods: Cd ratio (In), and sum peak (Sc}. Neutron activaticn analysis
reference samples (Nea, Mg, Al, Cl, Ca, Ti, ¥n, Cu, Sb, Hf, Dy) were prepared
and normalized for use in studies concerning pessible security authentication.
Capture gamma-ray analysis systems were constructed and tested for possible

sotcin determination iz wheat samples. This work was completad with a 45 ugm

Cf scurce at the Unitec States Bureau of Mines, Morganiown, .lest Virginia,

. e 252
after many uisuccessful attempts with a 1 mgm Cf scurce at Kamsas State
- . B g 252 o
University. Results indicated that the 45 ugm Cf source makes possible

cn-line process conitrol of protein in wheat. Preliminary stucies were started
Ll
in the area of radiation-induced conductivity ia polyethylene. A summary of

the status of the market evaluation work is included. Suggestions for

continuation and expansion of the use of the facility are also included.





