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PROPRIETARY STATEMENT

PROPRIETARY STATEMENT

This document is the property of Advanced Medical Systems, Inc. and furnished with the
understanding that the information herein will be held in confidence and will not be duplicated,

used or disclosed either in whole or part without the written permission of Advanced Medical
Systems, Inc. '
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The Radiological Engineering and Decommissioning Services division of Scientific Ecology
Group, Inc., has provided a decommissioning cost estimate for the Advanced Medical Systems,
Inc. London Road Site located at Cleveland Ohio under the NRC License No. 34-19089-01.
This cost estimate was developed using a systematic approach. Applicable release levels were
identified and historical data was reviewed. Specific information regarding structures and
equipment was used to estimate waste volumes and remediation costs.

Itemized costs were determined, including costs for manpower and equipment resources,
packaging, shipping and burial activities, and the performance of final status surveys for
buildings and structures. The estimated decommissioning cost is $1,795,612 in terms of 1995
dollars. This estimate is for budgetary purposes only and is not a proposal or cost estin. ~ or
Scientific Ecology Group, Inc., to perform decommissioning work.
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INTRODUCTION

1.0 INTRODUCTION

1.1 Purpose

The Radiological Engineering and Decommissioning Services (RE&DS) division
of Scientific Ecology Group, Inc. (SEG) has prepared this document for the
purpose of providing a decommissioning cost estimate for the. Advanced Medical
Systems London Road Site. The cost estimate includes only those activities and
cost factors required to remove residual radioactivity to levels which will permit
release of the site for unrestricted use in accordance with the NRC guidelines in,
Guidelines for Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Licenses for Byproduct, Source, or Special
Nuclear Material.

Costs associated with the demolition and removal of non-contaminated equipment
or structures are not included in this cost estimate. An actual date to perform
decommissioning has not been projected as portions of the facility will continue to
be used. The cost estimate provided by this report is in terms of 1995 dollars.
This estimate is intended to be used for funding and budgetary purposes and does
not constitute proposal or cost estimate for SEG to perform work.

1.2 Scope
The scope of this report is to present the estimated costs derived for
decommissioning the Advanced Medical Systems London road Site. The specific
areas and systems covered by this estimate include:
. Hot Cell, First Floor
. Decontamination Room, First Floor
o Isotope Shop Area, First Floor
. High Level Waste Storage Room, First Floor
. Airlock, First Floor

. Clean Equipment Room, Second Floor

. HEPA Systems Room, Second Floor
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INTRODUCTION

. Waste Storage Room, basement
. Clean Area, basement
e Waste Water Hold-Up Tank Room (WHUT), busement

This estimate has been prepared to support the requirements of 10 CFR 70,
Domestic Licensing of Special Nuclear Matcrial, and Regulatory Guide 1.159,
Assuring the Availability of Funds For Decommissioning Nuclear Reactors. This
estimate addresses activities related to the removal of hardware, structural
materials, and miscellaneous materials as necessary to reduce levels of residual
radioactivity to below the guideline values specified in the NRC Guidelines for
Decontamination of Facilities and Equipment Prior to Release for Unrestricted Use
or Termination of License for Byproduct, Source, or Special Nuclear Material.

Decommissioning costs are directly related to the degree of remediation required

and the amount of radioactive waste generated. The extent of remediation is based

on radiological data, proven decontamination processes and experience with similar

projects. The volume of radioactive wastes generated were determined from

facility drawings, equipment sizes, radiological data, and proven volume reduction

processes. Costs associated with the performance of final status surveys were
( estimated based on the size of the various areas being decommissioned and their
( prior radiological history.

The cost estimate for London Road Site utilizes a combination of unit price
estimates and task-based estimates to arrive at a total cost for decommissioning all
areas. The unit cost methodology is modeled after the method used in the Means
Building Construction Cost Data. The decommissioning work is first divided into
units of work, such as removing 2-inch pipe and then the unit of cost per foot of
pipe is multiplied by the feet of pipe to arrive at the cost. A similar method is
used for decontamination work, such as decontaminating concrete floor to a depth
5i 1/4 inch. The unit of cost per square foot of concrete floor area is multiplied
by the square feet of floor area to arrive at the cost. The estimate includes the
craft labor, supervision, health physics support, waste disposal, materials and
equipment necessary to actuzily perform this task. Other work is priced using the
task based methodology which is modeled after the method used by PNL (Pacific
Northwest Laboratory) to prepare the estimates presented in NUREG/CR-1756,
Technology Safety and Cost. of Decommissioning Reference Nuclear Research and
Test Reactors, MMarch 1982. The work is divided into tasks such as
decontaminating a hot cell using robot operated decontamination equipment, and
then an estimate o1 verdor price quote is obtained for each task. The various costs
derived from the two methods are combined and a project schedule is developed
which defines the duration and man loading for the project. The schedule and
man-loading information is used in the development of on site project management
) coss, travel and living costs, equipment rental costs, home office support costs,
[ and owner cversight costs.
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INTRODU. T'ON

1.3  Discussion

The following assumptions and bases were utilized in developing the cost estimate.

The buildi©  will remain in place after decommissioning.

The Co* source inventory in the facility will be shipped to other sites as
part of the decommissioning.

All contaminated equipment will be removed for disposal.
The so1!' under the building has been sampled and is un-contaminated.

All equipmeiii, electrical boxes, conduit, pipes and ducts in contaminated
rooms are assumed to be contaminated.

The interior partition wall framing studs and wall board in contaminated
rooms are assumed to be contaminated.

Th.> decommissioning of the WHUT room will not take place until the year
2018 to allow decay of the Co® activity to a manageable level.

Contaminated equipment not decontamination onsite will be shipped to a
volume reduction facility for processing prior to disposal.

Radioactive waste will be disposed of at the Midwest Compact disposal site
in Ohio. The compact disposal site has not been selected as yet.

OLIT95-P\SITES\AMS\00! 0
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GENERAL SITE DESCRIPTION

2.0 GENERAL SITE DESCRIPTION

The Advanced Medical Systems Site at London Koad in Cleveland, OChio, was used to
produce Co® and Cs'’ sources for medical applications.

The Advanced Medical Systems Site is located northeast of Cleveland, Ohio at 1020
London Road. This is a small site as shown in Figure 2-1, and only part of the site was
involved with radioactive material handling and storage. The remainder of the site is used
for normal warehouse operations.
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RADIOLOGICAL CONDITIONS

3.0 RADIOLOGICAL CONDITIONS

The Advanced Medical Systems Site in Cleveland, Ohio, was visited in September of
1994 to gather physical facility and nuclear data for this site. Site drawings, photographs
and drawings of facility buildings, and radiological data for affected areas were obtained.
On site staff members were interviewed to determine radiological history of affected areas
and the site in general.

The remediation decisions, survey decisions and waste volume estimates in this report
were based on available information. Conservative assumptions were made based upon
historical use information, the condition of the area and the experience of the contractor
with similar decommissioning projects.

The radiological conditions, related histcrical information, and the bases for remediation
decisions are provided for the various affected areas below.

3.1 Radionuclides of Concern at the London Road Facility

The radioactive materials of concern at this site are Co®, Cs"’, and Depleted
Uranium (DU). The current inventory of Co* is approximately 70,000 Curies at
this facility, this inventory will be removed as part of the decommissioning. The
Co® was fabricated into sealed sources which were used in cancer therapy
equipment. The current inveatory of Cs'” is zero. The Cs'* was fabricated into
sealed sources for industrial and research use. The current inventory of DU is
approximately 2,500 kilograms, this inventory will be removed as part of the
decommissioning. The DU is used in source heads for shielding and their is no
reason to suspect DU contamination in the area because the DU was not processed
or machined at this site. The acceptable surface contamination levels are as given
in Guidelines for Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Licenses for Byproduct, Source, or Special
Nuclear Material, August 1987. These acceptable levels for Co® and Cs'” are less
than 5,000 dpm/100 em? average for fixed activity, less than 15,000 dpm/100 cm?
maximum for fixed activity, and less than 1,000 dpm/100 ecm? for removable
activity. The average and maximum radiation levels associated with surface
contamination resulting from beta-gamma emitters should not exceed 0.2 mrad/hr
at 1 cm and 1.0 mrad/hr at 1 cm, respectively. The acceptable soil concentration
limits are as given in Federal Register Vol. 57, No. 34, February 20, 1992 /
Notices, "Order Establishing Criteria and Schedule for Decommissioning the
Bloomsburg Site”, Attachment 3. These acceptable levels are 8 pCi/gram for Co®
and 15 pCi/gram for Cs'’.

The radiological condition of the facility was ascertained from Advanced Medical
Systems records. Current survey records were obtained for the restricted areas and
prior survey records for all other areas at the site. A summary of the survey data
is provided in Appendix A.
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RADIOLOGICAL CONDITIONS

3.2 Hot Celi

The hot cell was designed and equipped to encapsulate large sources of medical
therapy and industrial radiography. The cell is six feet square and has 5-1/2 foot
thick concrete walls and a four foot thick floor and ceiling. There is a stainless
steel floor pan in the cell and 1/4 inch thick steel wall plates 11 foot tall. The cell
has a six foot wide 42 ton hinged door at the rear. Numerous small access ports
are located on the front and side faces of the cell, and a 20 inch square port opens
from each side. There is a 60 inch thick glass and zinc bromide window at the cell
front. Remote handling is accomplished with a pair of manipulators and a 2 ton
overhead crane. Every item of equipment in the cell and every item in the cell
structure is removable. A sketch of the first floor of the building including the hot
cell is shown in Figure 3-1.

The hot cell contained approximately 12,400 curies of Co® when the site was
visited in September of 1994 including approximately 5,500 curies in a stuck
storage plug in the cell floor. There was a shipping cask in the cell which was
being prepared to ship some of the cobalt inventory off site. The dose rates within
the cell are approximately 12 R/hr with certain hot spots exceeding 12 R/hr. The
Co® sources will be decontaminated and shipped offsite as pari of the
decommissioning.

3.3 Isotope Shop

The isotope shop is located on the first floor next to the hot cell and is shown in
a sketch of the first floor area in Figure 3-1. The isotope shop area has a concrete
floor, ceiling, and interior walls, the exterior walls are painted brick. Co® sources
were transported around this area in shielded containers such as the “transfer
monster” which was used to move sources from the "storage garden® to the hot
cell. The "transfer monster" is expected to still be on site at the time of
decommissioning but all other transfer and shipping shields are expected to have
been removed. The shop also contains a hood setting on a table, a second table,
a sink, an old trash compactor, a 3 ton overhead hoist with trolley, a wall cabinet
and a Tow Motor. The Tow Motor is an electric fork lift where the operator
stands behind it to operate it. The isotope shop also contains the "storage garden”
and irradiation facility. The dose rates in the isotope shop average about 1 mR/hr
with a maximum of 10 mR/hr. The contamination levels average about 100,000
dpm/100 em? with a maximum of 188,000 dpm/100 cm?.
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RADIOLOGICAL CONDITIONS

The "storage garden” and irradiation facility is located in the southwest corner of
the building and contains vertical tubes in a six foot square well extending from the
first floor level to the basement level. An L-shaped shield around the well in the
basement level is provided by two sand filled shield rooms which are accessible
through man-holes in the first floor. The high density concrete walls containing
the sand shield are two feet thick. There are 54 storage tubes in the “storage
garden” rectangular array. The tubes are in a 7 x 9 array with the center nine
spaces left open. The center space is fitted wit an irradiation plug which can
handle objects up to 8-1/2 inches square by 12 inches high. The storage tubes
terminate in a metal container through which cooling air is drawn from the room
through the "storage garden* to the HEPA exhaust system. The "storage garden"
contains about 2,900 curies of Co%,

There is stairwell from the back of the isotope room to the basement area. This
stairwell is contaminated with dose rates of less than 1 mR/hr and contamination
levels averaging about 10° dpm/100 cm?.

3.4 Decontamination Room

The decontamination room is located in the behind the hot cell and at the side of
the Isotope Shop as shown in a sketch of the first floor area in Figure 3-1. The
decontamination shop area has a concrete floor and walls. The room provides
space enough for opening the hot cell door into the ventilation controlled space of
the decontamination room. The room is equipped with water outlets and a "hot"
floor drain used during decontamination operations. In addition there is vault in
one corner of the room that contains some items from the hot cell and lead
blankets. There are also some large lead shield beams in one comer of the room.
This area is contaminated and has dose rates averaging greater than 10 mR/hr and
smearable contamination levels averaging about 3 x 10° dpm/100 cm?,

3.5 High Level Waste Storage Room

The High Level Waste Storage Room Area is located next to the hot cell on the
first floor as shown in a sketch of the first floor area in Figure 3-1. This room has
concrete floors, walls and ceiling. There are 24 drums of waste stored in the room
along with 21 used HEPA filters, a small cart, portable cabinet and wall cabinets.
This area has dose rates averaging about 400 mR/hr and contamination levels
averaging about 75 dpm/100 cm? with a marximum contamination level of 100
dpm/100 cm®. The area in iront of the shield wall in this room is a storage area
for various items containing Depleted Uraniv.m.
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RADIOLOGICAL CONDITIONS

3.6 Clean Equipment Room

The clean equipment room is located on the second floor as shown in a sketch of
the second floor arca in Figure 3-2. This room has concrete floors, walls and
ceiling and contains all the facility service equipment except for the HEPA
ventilation equipment. There are two items of contaminated equipment in the
room, an air supply blower and the exhaust stack sampling system. This area has
dose rates averaging less than | mR/hr and 2 maximum dose rate of 30 mR/hr on
a wall adjoining the HEPA equipment room. Contamination levels averaged about
170 dpm/100 cm? with a maximum contamination level of 190 dpm/100 cm?.

3.7 HEPA Equipment Room

The HEPA equipment room is located on the second floor as shown in a sketch of
the second floor area in Figure 3-2. This room has concrete floors, walls and
ceiling and contains the facility HEPA ventilation equipment. There is a large
HEPA exhaust blower with four 2 x 2 HEPA filters in a housing that services all
isotope areas except the hot cell. In addition there is a smali HEPA exhaust blower
with one 2 x 2 HEPA filter in a housing that services the hot cell. This room also
contains an abandoned emergency power generator, the hoist motor for the hot cell
hoist, and a wood "A" frame with a small manually operated hoist attached. This
area has dose rates averaging about 60 mR/hr with a maximum dose rate of 2,000
mR/hr on the exhaust duct from the hot cell. Contamination levels averaged about
11,000 dpm/100 cm? with a maximum contamination level of 17,000 dpm/100 cm?.

3.8  Dry Waste Storage Room

The dry waste storage room is located in the basement as shown in a sketch of the
basement area in Figure 3-3. This room has concrete floors, walls and has a drum
storage area along one wall with a temporary shielding wall erected between
storage area and the main part of the room. The room contains 17 waste drums,
a large shop table with vise, and a 55 gallon waste holding tank. The bottom of
the stairwell from the isotope room contains 2 floor buffers and 2 mops with
buckets. The mop buckets are stored against a wall with a lead sheet in front of
them. There also over S00 high density concrete blocks in the room that were
placed against the walls to the WHUT room to reduce dose rates. This area has
dose rates averaging about 7 mR/hr with a maximum general dose rate of 50
mR/hr. One drum behind the storage shield has a drum with a contact dose
reading of about 1,000 R/hr. Contamination levels averaged about 900,000
dpm/100 cm? with 2 maximum contamination level of 2,100,000 dpm/100 cm?,
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RADIOLOGICAL CONDITIONS
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RADIOLOGICAL CONDITIONS

3.9

3.10

3.1

WHUT Room

The Waste Hold-Up (WHUT) room is located in the basement directly under the
hot cell as shown in a sketch of the basement area in Figure 3-3. This room has
concreie floors, walls and ceiling. The room walls are three foot thick to provide
shielding for the room contents.  There is an entry room that contains an
abandoned drum compactor. The WHUT room contains 100 and 500 gallon waste
receiving tanks, two small ion exchange columns, a table for the ion exchange
columns and about 1 inch of sediment uniformly distributed on the floor. This
information was taken form the report Remedial Actions for the Waste Hold Up
Tank Room, NSS, 8 February, 1988. This document also reported that the dos=
rate from one of the tanks was approximately 2000 R/hr and that smears taken of
the floor sediment each produced a dose rate of 1.5 R/hr at 1 centimeter. This
area has dose rates estimated to average about 250 R/hr with a maximum dose rate
of 2,000 R/hr.

Basement Clean Side

The basement clean side is located on the east side of the basement next to the
WHUT room. It consists of three 10oms, the Air Sampling Room, the ISODOSE
Curve Room, and the Unoccupied Room. The rooms have concrete floors, ceiling,
and exterior walls. The interior walls are standard 2 x 4 wood framed walls with
a painted drywall surface. These rooms contain a large plastic tank, an air sampler
pump, large metal shelves holding ISODOSE Curves, wooden shelf supports, a
sink with metal cabinet, two chairs, and two steel doors. There are 45 high density
concrete blocks in the unoccupied room to provide additional shielding from the
WHUT room. This area has dose rates averaging about | mR/hr with a maximum
dose rate of 20 mR/hr in the Unoccupied room. Contamination levels averaged
about 1,250 dpm/100 cm? with a maximum contamination level of 3,410 dpm/100
cm?,

Miscellaneous Areas
The miscellaneous areas at the London road site do not individually contribute

significantly to the cost of decommissioning. These areas are summarized in table
3-1.
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RADIOLOGICAL CONDITIONS

Table 3-1
AMS London Road Site Miscellaneous Areas
Average Average
Coatamicated Fquipmeat Dose Rate | Activity Level
Ares Area Coustruction Materials Description mR/br dpas/100 e’
Ty e e o
Air Lock Concrete floor and iaterior walls, Power cord for Liotope room <l 7,600
metal ceiling and exterior walls, Tow Motor, 30 concrete shield 2
blocks, and & utility cart.
Isotope Warchouse Concrete floor, concrete block and Old bot cell shield window . | 128
clay brick walls, and metal ceiling.
Former Chemistry Lab Concrete floor, clay brick walls, and Nooe <0.1 <1170
metal ceiling.
Hot Cell Control Room Concrete floor walls and ceiling. Nome <0.1 <1,170
First Floor Office Arcas Concrete floor and ceiling, and None 0.1 <1170
standard drywall.
lsotope Shop Locker Room | Concrete floor and ceiling, ciay brick None <0.1 1000
and standard drywall,
Instrument Calibration Room Conerete floor, clay brick and None <0.1 <710
t standard drywall, and metal ceiling.
Caged Swrage Area Concrete floor, concrete block and None 1 128
clay brick walls, and meta! ceiling.
Second Floor Office Areas | Concrete floor and ceiling, clay brick Noae 0.1 1,200
and standard drywall.
Sewers Lron pipe in buildings None ] 0.84
-
Outdoor Arcas Mostly paved with some natursl soil None -J 0.028 0.8 pCi/g
K areas.
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ESTIMATION METHODS

4.0  ESTIMATION METHODS

The estimated cost to decomiission the licensed areas at the Advanced Medical Systems,
Inc., London Road Site is $1,795,512. This section of the cost estimate report provides
an overview of the considerations and factors that influenced the decommissioning cost
estimate. Table 4-1 provides a summary of the cost associated with each area of the

London Road Site.
Table 4-1
Decommissioning Cost Summary - Advanced Medical Systems, London Road
Asbestos
Labor Plus |  Waste | Equipment Waste Radwaste
Operation Mas- | Teavel & | Processing | Coatracts & | Shipping & | Shipping & |  Total
bours Living | & Shipping | ***Supplies | Disposal | Disposal Cost
e T L b o e o]

Hot Cell 529 $31,782 $6,111 $30,006 $3,402(  $71,331
lsotope Shop 2,448 $147,043|  $32,787 $9,162 $920|  $10,932] $200,844
Decontamination Room 562 $33,750  $66,850 $2,324 $6,203 $109,127
High Level Waste Storage Room 534 $32,003| 514,342 $3,099 $8,640|  $58,173
Clean Equipment Room 53 $3,206 $1,605 $448 $382|  $5,641
HEPA Equipment Room 1,078 $64,720|  $10,503 $5,765 $766|  $10,368]  $92,123
Dry Waste Storage Room 1,371 $82,328)  $17,581 $5,794 51,380 516,553 $123,635
WHUT Room 1,093 $65,642|  $18,962]  $264,024 sis3|  s23.429| $372,210
All Other Arcas 1,691 $101,569] 18,319 $8,048 $20,300| $148,236
Ship Sources Offsite 64 $4,640 $43,891 $48,531
Building Release Surveys 497 $42,706 $42,706
Outdoor Release Surveys 143 $12,257 $12,257
Planning, Training, Mobilization 624 $26,832 $26,832
Survey Documentation & Report 240 $13,702 $13,702
Contractor Home Office Oversight 385 $29,260 $29,260
AMS Oversight & Licensing 880 $66,880 $66,880
NRC Verification Survey
i TOTALS i 12,193 $758,409
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ESTIMATION METHODS

4.1

Cost Modifying Factors

There are modifying factors that significantly affect the overall cost for
remediation. One of these factors is an adjustment for personnel protection
requirements since various levels of personnel protection equipment will be
required for remediation work. The degree of protection required depends upon
the extent of contamination and specific activities to be performed in a given area.
As the level of personnel protection increases, so does the impact on individual
productivity and task duration. Adjustments were made to account for the
implementation of personnel protective measures where applicable. A description
of standardized levels of personnel protection, along with the associated impacts
is provided in Table 4-2. The net impact is normalized over an 8 man-hour period.

Table 4-2
Personnel Radiological Protection Summary

I ———— I I I R e S S I
Protection Level J Description Task Lmpact Summary n
e e e e Y

Level D, used in Hard hats, safecy glasses and safety shoes. No lost time or worker tirc adjustment is necessary.

uncontaminated arcas Respirstory protection and protective clothing

oaly. are not required to pecform work.
( Level D Hand hats, safety glasses, safety shoes and Approximately 15 minutes 10 don and remove protective
( (modified), used in protective clothing are required, however clothing sccounts for & 3% lost-time adjustment.

areas polentially respiratory protection is not required

contaminated.

Level C, used in areas Hard hats, safety shoes and a full face A 65 minute losi-time adjusiment (14 %) consists of the

of elevated aicborne respirstor are required in addition to protective following factors:

activity. clothing. ¢ Safety meeting - 5 min

¢ Don/remove protective clothing - 30 min
¢ Beeaks - 30 min

A worker's productivity is decreased by 15% due 10
wearing the full face respirator. Combining this 15%
jost time adjustment with the 14% lostdime adjustment
yields a net adjustment of approximately 29% or all tasks

will take twice as long as Level D work. ‘
=— M

The volume of radwaste requiring treatment and disposal can be a very significant
modifying factor due to the high cost for radwaste disposal. For the Advanced
Medical Systems decommissioning, the radwaste processing, shipping, and disposal
costs are about 20% of the total decommissioning cost. Radwaste volume estimates
are discussed in detail in the following section.
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4.2 Radwaste Volume Estimates

The radwaste volume estimates are key to developing accurate decommissioning
costs. Burial costs are based on waste volume and shipping costs are based on
waste volume and weight. Spreadsheets were used to estimate the required
volumes and weights. A summary of contaminated waste volumes and asbestos
waste volumes is presented in Appendix B sheet B-1. '

To address structural materials, the spreadsheet incorporated floor and wall
dimensions, determined from drawings and direct measurements, along with the
percent of the area contaminated. From this information, the volume of rubble for
disposal was calculated. Table 4-3 presents a summary of the radwaste volumes
calculated for the various areas of the Advanced Medical Systems Site.

Table 4-3
Unprocessed Waste Volume Summary for Advanced Medical Systems

==
Bulk Waste c.mmel Hardware & Demolition | Lead | Asbestos |
Volume Yalzms |} Volume
Area Description (ft"3) | 1‘3) .
Hot Cell
Isotope Shop 8 516 35
Decontamination Room 12 147 it
High Level Waste Storage Room 0 319
Clean Equipment Room 0 65
HEPA Equipment Room 15 5N 28
Dry Waste Storage Room 16 n 52
WHUT Room 14 14 660 9
Miscellancous Areas 338 5 . 656 1
12 123

4.3 Radwaste Disposal Costs

A significant portion of the overall decommissioning cost is generally attributed to
the burial of radioactive and asbestos waste. The cost for disposal of radioactive
waste was estimated to be $181 per cubic fooi, and low level asbestos waste was
estimated to be $150 per cubic foot at Envirocare in Utah.
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ESTIMATION METHODS

4.4

The costs to transport waste for disposal are based on a transport distance of 250
miles to an unspecified Midwest Compact site in Ohio. It is assumed that only full
loads of waste are transported, that a 40 foot Sea/Land container is the limiting
volume and that 44,000 pounds is the limiting weight. The transport charge is
$650 per load.

The cost to transport waste the central volume reduction facility in Oak Ridge
Tennessee are based on a transport distance of 520 miles at a rate of $2.65 per
mile. The costs to transport volume reduced waste for disposal are based on a
transport distance of 500 miles from Oak Ridge Tennessee to an unspecified
Midwest Compact site in Ohio.

The unit disposal cost factors are listed in Appendix B, sheet B-4.
Remediation Methods

The goal in choosing remediation methodologies is to select the minimum cost
option to accomplish a task. There are many factors which need to be considered
when selecting a methodology such as equipment cost, support equipment costs,
material and chemical costs, the generation of secondary waste volumes (waste in
addition to the removed contaminated material), processing rates, labor
requirements, and applicability to various tasks. These factors were utilized in
selecting the optimum methods for use at Advanced Medical Systems. The
decontamination processes analyzed are summarized in Table 4-4. This table
shows the decontamination methodology used, application information, the process
cost per square foot of area decontaminated, and the amount of secondary waste
generated. These unit factors are applied to specific areas or equipment requiring
remediation to determine the most cost effective process.
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Table 4-4
Decontamination Methodology Comparison
S
Nousinal Total Secondary
Peuetration Process Py cess Waste Volume
depth Rate Crew Con (171000 fr*)
Application (ia) (ft*/r) Size . (/) l
McDonald U-§ Scabbier Floor concreie 0.25 150 20 $0.335
McDonald U-$ Scabbler Floor concreic 05 75 2.0 $0.575 l
McDonald 3WCD Scabbler Wall concrete 0.125 30 2.0 $1.248
Blastrac 10D Shot Blaster Floor concrete 0.063 750 1.1 $0.191 0.26
Blastrac 10D Shot Blaster Floor concrete 0.125 375 1.1 $0.224 0.26
LTC 10-60Pn Special All sucfaces 0.031 70 13 $0.574 0.26
Vacuum Blaster
LTC 10-60Pu Standard Al sucfaces 0.063 40 13 $0.834 0.26
Vacuum Blaster
EDCO CPU-10C Floor Plane Floor concrete 0.50 93 2.0 $0.578
EET Chemicel Decon Concrete 15 2.0 | $10.000 6.68
(‘ Hands-0n decon Non-Porus surfaces 150 1.0 $0.162 3.3

4.5 Radwaste Volume Reduction Costs

The volume reduction processes analyzed for use at Advanced Medical Systems are
summarized in Table 4-5. This table shows the volume reduction methodology
used, application information, transportation charges, the process cost per unit
weight or volume, and the tota! process cost per unit volume. These unit factors
are applied to specific items of equipment requiring disposal to determine the most
cost effective process.
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ESTIMATION METHODS

1. These processos recycle the processcd material so there i vo waste for dieposal.

4.6 Unit Costs

Table 4-5
Volume Reduction Methodology Cost Information
Waste VR

Transport Total Volume Bulk Process Total VR

Coatainer Trassport Reduction Deusity Charge Cost

VR Methodology Applicability Type Cast ($) Factor b/fe’) | Rate ($/6¢%)

L g o e Sy S T 2 iy
Super Compaction Dry active waste B-25 $10,278 6 20 $0.95 $24.29
Super Compaction Metal Equipment B-25 $9,478 6 25 $0.95 $29.12
I Super Compaction Metal Equipment Custom 36,778 4 75 $0.95 $90.08
I Asbestos Compact Asbestos B-25 $10,378 6 20 $1.45 $34.29
Incineration DAW B-25 $10,378 100 20 $3.70 $79.29
Metal Melt Metal 20 Ib/ft%) Custom $9.478 Note | 20 51.95 $56.55
Metal Melt Metal (75 Ib/dt") Custom $9,478 Note | 75 $1.95 $163.80
Metal Melt Metal 200 ib/fY) Custom $4,528 Note | 200 $1.95 $411.56
Lead Brck Decon Lead Brck Custom $6,778 Note | 650 $1.75 $1,156.33
Wood Incineration Wood B-25 $6,778 100 50 $2.00 $105.76
== T e

There are a number of unit factors used to generate this cost estimate. They are
listed here so project costs can be updated when required and the effects of
changing units costs can be evaluated.
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Table 4-6
Decommissioning Estimate Unit Cost Factors
Unit Cost Factor Usit Cost Rate Units
S R e
Radioactive Waste Disposal $181.00 cubic foot
Waste Transportation o Midwest Compact $650 \rip
Waeste Transportation o Oak Ridge for Volume Reduction $2.65 mike I
Asbestos Disposal Cost at Eavicocare in Utah $150 cubic foot
B-25 Waste Disposal Container $450 cach
Project Manager $76 hour
Radiation Safety Officer $45+ hour
Senior Radiological Engineer $70 hour I
HP lostrument Technician $39 hour
I HP Technician $i8* hour
Decontamination Specislist S18* hour
Airfare $562 round trip
Car Rental (one) $22¢ day
Per Diem $116 day

*These costs provided by AMS who will provide there personnel and equipment.
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4.7 ‘inal Surveys

Final survey cost estimates are based on the methodology presented in
NUREG/CR-2241, Technology and Cost of Termination Surveys Associated With
Decommissioning of Nuclear Facilities (February 1982). This methodology
requires the determination of the number of sample points for the various areas
being surveyed and the type of survey being performed. The time to perform each
of these surveys is determined, and the product of these two items is the labor time
to perform the surveys. Equipment and material cost to perform the surveys is
added along with staff support costs to determine a total cost. The survey
requirements are based on (Draft) NUREG/CR-5849, Manual for Conducting
Radiological Surveys in Support of License Termination (June 1992). A
spreadsheet was developed which incorporates facility dimensicns, labor rates and
support cost ratios to estimate the final survey cost. The facility survey labor
estimate is summarized in Appendix B, Sheet B-10 and the open land and
misceilaneous area survey labor estimate is summarized in Appendix B, Sheet
B-11.
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DESCRIPTION OF THE DECOMMISSIONING SCENARIO

5.0  DESCRIPTION OF THE DECOMMISSIONING SCENARIO

Decommissioning of the Advanced Medical Systems London Road site requires that
residual radioactive materials be removed from the site to aliow termination of the NRC
license for this location. For the purposes of this cost estimate, once buildings, structures
and soils are remediated to releasable limits, no further decontamination or demolition is
required. ’

The following areas are considered in this cost estimate because they contain radioactive
material or have previously contained radioactive material,

5.1 Hot “ell

The hot cell is six feet square and has 5-1/2 foot thick concrete walls and a four
foot thick floor and cuiling. There is a stainless steel floor pan in the cell and 1/4
inch thick steel wall plates 11 foot tall. The cell las a six foot wide 42 ton hinged
door at the rear. The cell will initially be used for the decontamination and
shipping of the Co® sources offsite. Approximately 60% of the sources wil. be
shipped to a facility in California and 40% to a 1acility in Maryland. In order to
accomplish this task, the cell will need to be panially decontaminated to allow
handling of the sources without contaminating thein. The existing Co® sources in
the cell will be moved out of the cell using the AMS cask and the “Transfer
Monster”. The cell will then be decontaminaied by first vacuuming the cell using
a remote HEPA system entering the cell tarough the rear cell door. The HEPA
vacuum will be fitted with a shielded prefilter which will retain most of the
removed Co®. The vacuuming will be followed by chemical decontamination to
remove the remaining surface contamination from the cell. The Hot cell lathe,
welding machine, and weighing scale, will then be manually removed and shipped
for volume reduction and disposal. Careful monitoring will be performed during
this process to minimize exposure to hot spots that may be exposed during
equipment removal. The sources will then be returned to the cell where they will
be cleaned up using a chemical decontamination process. After verification of
decontamination they will be shipped to the facilitiz¢ i California and Maryland
using the AMS cask. The remaining equipment in the hot cell, the hoist, hoist
trolley, table, and manipulators will then be manually removed and shipped for
volume reduction and disposal. The cell door will then be removed to allow
decontamination of inaccessible parts of the door and door drive mechanism. The
ventilation duct will be removed in conjunction with removal of the ductwork from
adjacent areas. The hot cell will be surveyed as an affected area as part of the
decommissioning.
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DESCRIPTION OF THE DECOMMISSIONING SCENARIO

5.2 Isotope Shop Area

The isotope shop is a 680 square foot area with concrete floor, ceiling, and interior
walls, the exterior walls are painted brick. The hood, tables, sink, old trash
compactor, 3 ton overhead hoist with trolley, wall cabinet, and Tow Motor will be
removed and shipped for volume reduction and disposal. The shop floor will be
decontaminated using a Blastrac vacuum shot blaster, the walls and ceiling will be
decontaminated by manual wipe down. The isotope shop overhead lights, piping,
conduit, electrical boxes, and ventilation ductwork will be removed and shipped for
volume reduction and disposal. The isotope shop will be surveyed as an affected
area as part of the decommissioning,

The "storage garden” and irradiation facility is located in the southwest corner of
the isotope shop and contains 54 vertical tubes in a six foot square well extending
from the first floor level to the basement level. All cobalt sources will have been
removed from the hot cell prior to the start of decommissioning work. The
“storage garden" tubes and spaces will be removed and shipped for volume
reduction and disposal. The interior concrete walls and floor of the “"storage
garden” will be decontaminated using a vacuum biast unit. The "storage garde ."
will be surveyed as an affected area as part of the decommissioning.

. The stairwell at the back of the Isotope room is constructed of steel with concrete

( steps. The steps have steel top edges which have a history of contamination in the
joint areas. The steel top edges will be removed and shipped for volume reduction
and disposal. The stairs will be decontaminated using a vacuum blast unit. The
equipment under the stairs, two floor buffers, two buckets, two mops, and a lead
sheet will be sent for volume reduction and disposal. The stairwell will be
surveyed as an affected area as part of the decommissioning.

5.3  Decontamination Room

The decontamination room is a 135 square foot area with concrete floor, walls and
ceiling. This is a high dose rate area and it will be decontaminated by first
vacuuming the room and contents using a robotic HEPA system. The HEPA
vacuum will be fitted with a shielded prefilter which will retain most of the
removed Co*®. The vacuuming will be followed by robotic CO, blasting to remove
accessible hot spots from the room and contents. The robot will be used to transfer
hot items from the room and shielded vault to a shielded container for shipping for
volume reduction and disposal. The wood blocks, shields and vault will then be
manually removed and shipped for volume reduction and disposal. Careful
monitoring will be performed during this process to minimize exposure to hot spots
that may be exposed during equipment removal. The decontamination room
overhead lights, plpmg, conduit, electrical boxes, and ventilation ductwork will be
removed and shipped for volume reduction and disposal. The decontamination
room will be surveyed as an affected area as part of the decommissioning.
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54

5.5

5.6

High Level Waste Storage Room

The High Level Waste Storage Room Area is a 560 square foot area with concrete
floors, walls and ceiling. The various shields containing Depleted Uranium (DU)
in the front portion of the room will be removed from site as part of the
decommissioning. There is no cost included for removal of the DU items as they
have a significant value that will offset shipping costs to another lozation. The 24
drums of waste in the room are significant dose sources and they will be removed
using a shielded forklift and moved to a shielded van and shipped for volume
reduction and disposal. The 21 used HEPA filters in the room are significant dose
sources and they will be moved to shielded containers using the robot and the
containers will be moved with a shielded forklift to a shielded van and shipped for
volume reduction and disposal. The other equipment in the room including the
small cart, portable cabinet and wall cabinets will then be removed and surveyed
for unrestricted release. The room floor, walls and ceiling, overhead lights,
piping, conduit, electrical boxes, and ventilation ductwork will be cleared using a
HEPA vacuum cleaner prior to being surveyed for release. The high level waste
room will be surveyed as an affected area as part of the decommissioning.

Clean Equipment Room

The clean equipment room is a 727 square foot area with concrete floors, walls and
ceiling. The contaminated air supply blower and the exuaust stack sampling system
will be removed, packaged and shipped for volume reduction and disposal. The
contaminated air supoly blower is large and heavy and it will be sectioned, moved
to the roof tnrough a door and removed from the roof with a crane. Minor
decontamination of the area will be done using manual wipe down. The clean
equipment room will be surveyed as an unaffected area as part of the
decommissioning. The contaminated equipment areas and the adjacent areas will
be surveyed as affected areas as part of the decommissioning.

HEPA Equipmeat Room

The HEPA equipment room is a 240 square foot area with concrete floors, walls
and ceiling. This is a high dose rate area and it will be decontaminated by first
vacuuming the room and contents using a robotic HEPA system. The HEPA
vacuum will be fitted with a shielded prefilter which will retain most of the
removed Co®. The vacuuming will be followed by robotic CO, blasting to remove
accessible hot spots from the room and contents. Temporary shield blankets will
be placed over and in front of remaining high dose areas such as the HEPA filters
and vent ducts from the hot cell. The HEPA filters will be manually removed and
packaged for shipment for volume reduction and disposal. The vent from the hot
cell will be opened at the floor level using extension tools and the interior of the
duct vacuumed using the robotic HEPA system. The HEPA exhaust blowers,
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ductwork, and exhaust stack on the roof will be sectioned and pac .aged for
shipping for volume reduction and disposal. The remaining equipment in the room
including the abandoned emergency power generator, the hoist motor for the hot
cell hoist, and a wood "A* frame with a small manually operated hoist attached
will be removed manually and packaged for shipping for volume reduction and
disposal. The duct from the room floor to the hot cell will be removed and
packaged for shipping for volume reduction and disposal. The rcom floor will be
decontaminated using a Blastrac vacuum shot blaster, the walls will be
decontaminated by using scabbling, and the ceiling will be decontaminated using
vacuum grit blasting. The room overhead lights, piping, conduit, and electrical
boxes will be removed and shipped for volume reduction and disposal. The HEPA
equipment room will be surveyed as an affected areas as part of the
decommissioning.

The entry to the HEPA equipment room is a 132 square foot area with concrete

floors, walls and ceiling. The portable HEPA filter unit will be used during the

decommissioning project to maintain ventilation control and air quality. The

ventilation control tent will be packaged for shipping for volume reduction and

disposal. The entry area floor will be decontaminated using a Blastrac vacuum

shot blaster, the walls and ceiling will be decontaminated by manual wipe down.
{ The HEPA equipment room entry area will be surveyed as an affected areas as part
( of the decommissioning.

5.7 Dry Waste Storage Room

The dry waste storage room is a 752 square foot room with concrete floors, walls
and ceiling. The room will first be HEPA vacuumed to pick up loose
contamination. The 17 drums of waste in the room are significant dose sources
and they will be moved using a shielded manual drum lift to a flou: opening under
the isotope shop. The drums will "hen be hoisted inio the isotope shop and moved
with a shielded forklift into a shielded van ar 4 shipped for volume reduction and
disposal. The other equipment in the room in:luding a large shop table with vise,
and a 55 gallon waste holding tank will then ~e manually removed and shipped for
volume reduction and disposal. The 650 hig!. density concrete blocks in the room
will be removed and shipped off site for decontamination and disposal. The room
floor will be decontaminated using a Blastrac vacuum shot blaster, the walls will
be decontaminated using a vacuum grit blaster, and ceiling will be decontaminated
by manual wipe down. The room overhead lights, piping, conduit, electrical
boxes, and ventilation ductwork will be removed and shipped for volume reduction
and disposal. The dry waste storage room will be surveyed as an affected area as
part of the decommissioning.
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DESCRIPTION OF THE DECOMMISSIONING SCENARIO

5.8 WHUT Room

The decommissioning of the WHUT room will not take place until the year 2018
to allow decay of the Co* activity to a manageable level. The Waste Hold-Up
(WHUT) room, including entry area, is a 162 square foot area with concrete
floors, walls and ceiling. This is a high dose rate area due to sediment on the
floor, in pipe traps, and in the waste holding tanks. As a result it will be
decontaminated by first using a robot to remove debris from the room to a shielded
shipping container and then vacuuming the floor and contents using a robotic
HEPA system. The HEPA vacuum will be fitted with a shielded prefilter which
will retain most of the removed Co®. The vacuuming will be followed by robotic
CO, blasting to remove adhered sediment and accessible hot spots from the room
and contents. Temporary shield blankets will be placed over and in front of
reraaining high dose areas such as the waste holding tanks. The other equipment
‘n the room including an abandoned drum compactor, two small ion exchange
ww'umns, and a table for the ion exchange columns, will be manually removed and
stipped for volume reduction and disposal. The 100 and 500 gallon waste
receiving tanks will be flushed with water that is recirculated through a high
efficiency shielded filtration system to remove the sediment and Co® activity, ‘Inc
spent filters, and hold up tanks will then be packaged and shipped for volume

( reduction and disposal. The room floor will be decontaminated using a concrete

( plane, the walls will be decontaminated using concrete scabbling equipment, and
ceiling will be decontaminated by a vacuum grit blaster. The room overhead
lights, piping, conduit, electrical boxes, and ventilation ductwork will be removed
and shipped for volume reduction and disposal. The WHUT room will be
surveyed as an affected area as part of the decommissioning.

5.9 Basement Clean Side

The basement clean side consists of three rooms, Air Sampling Room, ISODOSE
Curve Room and Unoccupied Ko  with a total area of 550 square feet. The
floors, ceiling, and exterior walls a ~crete. The interior walls are standard 2
x 4 wood framed walls with a paintec . vall surface. The rooms will first be
HEPA vacuumed to pick up loose contamination The equipment in the rooms, a
large plastic tank, an air sampler, large metz. shelves, wooden shelf supports,
ISODOSE Curves, sink with metal cabinet, two chairs, and two steel doors will be
manually removed and shipped for volume reduction and disposal. The 45 high
density concrete blocks in the unoccupied room will be removed and shipped off
site for decontamination and disposal. The floors will be decontaminated using a
Blastiac vacuum shot blaster the walls and ceiling will be decontaminated by
manua: wine down. The overhead lights, piping, conduit, electrical boxes, and
ventilation dvetwork will be removed and shipped for volume reduction and
disposa’. The basement clean side will be surveyed as affected areas as part of the
decommissioning.
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DESCRIPTION OF THE DECOMMISSIONING SCENARIO

5,10 Miscellaneous Areas

The miscellaneous areas at the London road site do not individually contribute
significantly to the cost of decommissioning and are therefore presented in less
detail than the previous areas. These remediation work for these areas is
summarized in table 5-1.

Table 5-1
AMS London Road Site Miscellaneous Area Remediation
m
Equipment Removed Area
Size of Area for Volume Reduction Remediation Survey
Area and Coastruction Materials & Disposal Methods Category
T T T I S
Air Lock 320 &, concrete floor & interior Power cord for Isotope | Blastrac for floor Affected
walls, metal ceiling & exterior walls. | Room Tow Motor, 30
concrete shield blocks,
and & utility cant
Isotope Warehouss 4,668 ', concrete floor, concrete Old hot cell shield None Affected
block and clay brick walls, and metal | window
Former Chemistry Lab 220 &, concrete floor, clay brick None None Unaflected
walls, and metal ceiling.
Hot Cell Control Room 170 ¥, concrete floor walls and None None UnafTected
‘.‘w’ i .
First Floor Office Arcas 4,600 ', concrete floor and ceiling, | None None UnafTected
and standard drywall.
Isotope Shop Locker Room |91 ¥, concrete floor and ceiling, None None Affected
clay brick and standard drywall.
Instrument Calibeation Room | 988 f’, concrete floor, clay brick None None Affected
and standacd drywall, and metal
ceiling.
Caged Storage Area 1,564 ft', concrete floor, concrete None None Affected
block and clay brick walls, and metal
ceiling.
Second Floor Office Arcas 1,513 %, concrete floor and ceiling, | None None Affected
clay brick and standard drywall,
Sewers 121 lineal feet, iron pipe in None Chemical Decontamination | Affected
buildings.
Outdoor Areas Mostly paved with some natural soil | None None Unaffected
reas.
- = SEES )
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Appendix A-1

ADVANCED MEDICAL SYSTEMS SURVEY DATA

DOSE RATE TOTAL p— CONTAMINATION SMEARABLE p-r CONTAMINATION!
MAX AVG MAX AVG MAX AVG
AREA AREA FLOOR FLOOR FLOOR FLOOR ;
AREA (mR /hr) (mR /hr) (dpm /100 em®) (dpm/100 cm?®) (dom/100 em®) (dpm,/ 100 em’) |
Exterior Structure 0.07 0.07 !
Exterior Structure Roof 14.00 248 i
Isotope Warehouse Exterior Structure 0.06 0.05
Isotope Warehouse Roof 0.15 0.C3 110 46
Front Stairwell [#2] (1988 data) 0.10 0.10 <710 <710 15 <6 B
Chemistry Lab {126] (1988 data) 0.10 <0.1 1,200 <1170 18 <6
Test Cell Control Room [123] (1988 data) 0.10 <0.1 1,500 <1170 <6 <6
Office [118] (1988 data) 0.10 0.10 1,200 <1170 7 6
Lobby Stairwell [#3] {1988 data) <0.1 <0.1 <710 <710 6 <6 3
Hot Cell (1988 Data) >20,000 3,000
Isotope Hot Shop 10.00 1.00 187,560 98,335
Isotope Hot Shop Source Storage Garden 2.00 <1 269,230 269,230
Isotope Hot Shop Clean Locker Room (1988 data) 0.30 <0.1 1,700 1,000 <6 <6 |
isotope Hot Shop Shower Room (1988 data) <0.1 <0.1 100,000 1,000 a9 10 )
isotope Hot Shop Tcilet Room (1988 dataj <0.1 <0.1 <710 <710 —
Isotope Hot Shop Dirty Locker Room (1988 data) 2.10 0.90 300,000 1,000
Decon Room >10 1,199,150 1,199,150 3,000,000
Isotope Shop Stairwell [#1] <1 <1 949,900 310,893
High Level Waste Storage Room 400 400 100 75
Airlock 1 <1 15,050 7.590
isotepe Warehouse 50 1 160 128
| Instrument Calibration Room (1988 data) <0.1 <0.1 <710 <710 <6 <6
Caged Storage Area (1987 data) 1,790 134

Data from "Radiation Survey of the Advanced Medical Systems, Inc. London Road Facility, Cleveland Ohio®,
Oak Ridge Asscclated Universities, ORAU 89/B-145, P. Cotten and G. Murphy, April 1989.

03-Jan-95, FILE: SEG 01799+ C:\QPRO\AMS\RAD-CHAR.WQ1
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Appendix A-1

ADVANCED MEDICAL SYSTEMS SURVEY DATA

DOSE RATE TOTAL p—r CONTAMINATION SMEARABLE p—r CONTAMINATION|
MAX AVERAGE MAX AVERAGE MAX AVERAGE |
AREA AREA FLOOR FLOOR FLOOR FLOCR
AREA (mR /hr) (mR /hr) (dpm/100 cm®) (dpm/100 em*) (dom /100 cm®} (dpm/100 em’) |

Women's Room (1988 data) 0.10 0.10 <710 <710 10 <8
Second Floor Office Room 1 (1988 data) 0.20 0.10 2,700 1,500 9 <6 4
Second Floor Office Room 2 (1988 data) 0.10 0.10 2,700 1,350 35 11
Second Floor Office Room 3 (1988 data) 0.10 0.10 1,300 1,200 <6 <6 I
Second Floor Office Room 4 {1988 data) 0.10 0.10 <1,170 <1,170 7 <6 |
Second Floor Office Room 5 (1988 data) 0.10 0.10 <710 <710 <6 <6 i
Clean Equipment Room [207] 30.00 <1.0 190 167 I
Men's Room (1988 data)_ 18,000 8,900 <6 <6 i
HEPA Equipment Room Entry Area (1988 date) 130,000 30,500 23 10 i
HEPA Egquipment Room [206] 2,000 60 17,170 10,920 i
Air Sampliing Room [B2] <1.0 <1.0 150 150 i
ISODOSE Curve Room <1.0 <1.0 210 210 i
Unoccupied Room 20 10 3,410 3,410 i
Dry Waste Storage Room [B-5] 50 7.17 2,116,280 853,523 i
WHUT Room [B3], (1987 Data) 2,000,000 250,000 !
WHUT Recorn Entry [B3] (1987 Data) 250,000 150,000 1.8 R/hr *oSRMr |
Sewer Manhui= - 1 each 3.00 0.84 i

Data from *Radiaticn Survey of the Advanced Medica! Systems, Inc. London Road Facility, Cleveland Ohio",
Oak Ridge Associatec' Universities, ORAU 89/B-145, P. Cotten and G. Murphy, Aprii 1989.

03-Jan-95, FILE: SEG 01799+ C:\QPRO\AMS\RAD-CHAR.WQ1
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Appendix A-2
ADVANCED MEDICAL SYSTEMS OUTDOOR SURVEY DATA

DOSE RATE DOSE RATE

RADIONUCLIDE CONCENTRATIONSI

Contact at 1 meter Co-60 Cs-137
Ne. AREA (R /) (pR/he) (pCi/g) (pCi/q)
1 Blocked Entrance Door on East Side of Buildi 72 310 22 2.2
|2 Approx 7 m from the East Side on Oid ﬁé!'r!rim!!: s 18 18 0.1 0.3
3 _13m§ & 10 m East of NE Corner of Bidg 16 18 03 0.2
4 21 mSouth & § m East of NE Corner of Bidg 26 37 25 04
§__North of Drain on East Side of Bidg 134 310 <0.1 0.1
6 6mE_au&41m8°mth§_Com«dBldg 21 26 <0.1 0.3
7 52 m South & 5 m East of NE Corner of B 14 14 1.3 0.4
8 Z.SmmfNonMromSEComudWWaﬂ 11 1 23 0.4
8 At NE Corner of Bidg = 9 9 <0.1 0.5
10 West Side of Sidewalk at Main Entrance Door 10 10 06 0.5
11 !nSNubBoddWodt_igodFrorllDdVﬂmy /3 8 0.2 0.8
| 12__NW Cormer of Bldg at Fence Comer Nearest fo Sidewalk (i 7 <01 03
es:

. Data from *Radlation Survey of the Advanced Medical Systems, Inc. London Road Facility, Cleveland Ohio®,

Oak Ridge Assoclated Universities, ORAU 89/B-145, P, Cotten and G. Murphy, April 1989,

2. A higher dose rate at 1 meter distance than on contact indicates that the source is shine from the structure

and not from radioactive material in the soll.

03-Jan-95, FILE: SEG 01739+ C:\QPROWMS\RADCHARZ WQ1

Page 1



APPENDIX B

APPENDIX B

Cost Calculation Sheets for Advanced Medical Systems

. B-1, Contaminated and Asbestos Waste Volume Summaries
. B-2, Contaminated Waste Disposal Cost
. B-3, Asbestos Waste Disposal Cost

. B-4, Waste Shipping Container Cost, Unit Disposal Cost Factors, and Waste
Disposal Summary

( | e B-5, Volume Reduction Transportation Summary
« B-6, Building Area Survey Labor Estimate
. B-7, Open Land Areas Survey Labor Estimate
. B-8, Estimated Midwest Compact Burial Charges
. B-9, Hot Cell Decontamination Special Process Charges
. B-10, WHUT Room Decontamination Special Equipment Costs
. B-11, AMS Cobalt-60 Source Decuntamination and Shipping Costs

o B-12, Project Instrumentation Costs

011795-PASITES\AMS\001 0 REVISION 0



APPENDIX B-1

ADVANCED MEDIC Al SYSTEM
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APPENDIX B-2

( ADVANCED MEDICAL SYSTEMS CONTAMINATED WASTE DISPOSAL COST

RS nRETT

Heduced Decon Hemoved Generated Total
Aren Hardware Waste Concrete Waste Waste
Description Dlsposal Disposal Oisposal Oisposal Disposal
Cost Cost Cost Cost Cost
1 Hot Cell $1.810 $561 $109 $905 $3,385
2 lsotope Shop $5,122 $3.059 $1,430 $1,267 $10.878
23 Decon Room $18 $2,806 $2,082 $1,267 $6,172
4 | High Level Waste Storage Room $7,729 $326 30 $543 $8,598
5 Clean Equipment Room $18 $0 $0 $362 $380
6 HEPA Equipment Room $3,511 $2,806 $2,733 $1,267 $10317
7 Ory Waste Storage Roem $9,683 $3,204 $2.842 $543 $16471
8 WHUT floom $1,57% $4,127 $2,588 $15,023 $23,313
9 All Other Areas $12,742 $5,285 $805 $1,267 $20,200
TOTALS: $42,408 $22,173 $12,688 $22,444 $99,713
ADVANCED MEDICAL SYSTEMS CONTAMINATED WASTE PACKAGING & SHIPPING COST
Reduced Decon Removed Generated Total
Aroa Hardware Waste Concrete Wasle Waste
Description Volume Volume Volums Volume Volume
(1t~ 3 (ft~3) (=3 (=3 (1n=3)
($) ($) (%) (%) (%)
1 Hot Cell $9 33 $1 $5 $17
2 Isotope Shop $26 $15 $7 $6 $54
3 Decon Room $0 $14 $10 $6 $31
4 High Level Wacte Storage Room $39 $2 $0 $3 $43
5 Clean Equipment Room $0 $0 $0 $2 $2
6 HEPA Equipment Room $18 $14 $14 $6 $51
7 Ory Waste Storage Room $49 $16 $14 $3 $82
8 WHUT Room $8 $21 $13 $75 $116
) All Other Areas $64 $26 $5 $6 $101
TOTALS: $212 $111 $63 $112 $498

1A tam A8 FHE @ A1 200 L CANPAMAMSIUNY TAR WO



APPENDIX B-3
ADVANCED MEDICAL SYSTEMS

ASBESTOS WASTE DISPUSAL COST

Asbestos
Ares Waste
Description Cost
(%)
1 Hot Celi $0
2 lsotops Shop $500
3 Decon Room $0
“ High Level Waste Storage Room $0
5 Clean Equipment Room $0
€ HEPA Equipment Room $750
7 Dry ‘Waste Storage Room $1,350
8 WHUT Room $150
9 All Other Areas 30
TOTAL: $3,150
ADVANCED MEDICAL SYSTEMS

ASBESTOS WASTE PACKAGING & SHIPPING COST

Asbestos

Area Waste

Description Cost
($)
1 Hot Cell $0
2 Isotope Shop $20
3 Decon Room 30
| 4 High Level Waste Storage Room $0
5 Clean Equipment Room $0
6 HEPA Equipment Aoom $16
7 Dry Waste Storage Room $30
8 WHUT Rcom $3
9 All Other Areas $0

TOTAL: $69




APPENDIX B-4
ADVANCED MEDICAL SYSTEMS WASTE SHIPPING CONTAINER COST

8.25 Wasle
Area Waste Waste Container
Description Voluma Contalners Cost
(1t~ 3) (Ea.)* ($)
1 Hot Cell 19 0 $86
2 Isotope Shop 66 1 $304
3 Decon Room 34 0 $157
4 High Level Waste Storage Room 48 0 $218
5 Clsan Equipment Room 2 0 $10
6 HEPA Equipment Room 62 1 $285
7 Dry Waste Sturage Room 100 1 $459
8 WHUT Room 130 1 $596
9 All Other Areas 112 1 $512
TOTALS: 572 6 $2,626

Fractionai contalners used for cost calculations.

ADVANCED MEDICAL SYSTEMS UNIT DISPOSAL COST FACTORS

Estimated radwaste disposal rate for Midwest Compact : $181.00
Estimated asbestos waste rate for Envirlocare in Utah : $150
Estimated transport rate to Midwest Compact : $24
Estimated transport rate to Midwest Compact : $650
Estimated mlloage rate to Midwest Compect : $2.65
Egtimated transport distance to Midwest Compact : 250
Estimated average waste density to Midwest Compact : 60
Estimated ransport rate to Envirocarse in Utah : $89
Estimated transport rate to Envirocare in Utah : $2,927
Estimated transport distance to Enviriocare in Utah : 1825
Estimated mileage rate tn Envirlocare In Utah : $2.65
Estimated avecage waste density to Envirocare in Utah : 30
Truck transport waste welght limit : 44,000
Estimated cost of used B-25 shipping containers : $450.00

per cublc foot
per cubic foot
peor cublc yard
per load

per mile

miles

ib/eubic loot
per cubic yard
por load

miles

peor mile
Ib/eubic foot
pounds

each

ADVANCED MEDICAL SYSTEMS WASTE DISPOSAL SUPPORT LABOR ESTIMATE

B-25 Radicactive VWaste
Area Waste Waste Shipment
Description Contalners Shipments Labor
(Ea.) (Ea.) (man-he)
1 Hot Cell 0.2 0.0 0.3
2 lsotope Shop 0.7 0.1 0.8
3 Decen Room 0.3 0.0 0.5
4 Level Waete Storage Room 0.5 0.0 0.6
5 Clsan Equipment Room 0.0 0.0 0.0
6 HEPA Equipment Room 0.6 0.1 0.8
7 Dry Waste Storage Room 1.0 0.1 1.4
[ WHUT Room 1.3 0.1 1.8
9 Ail Other Areas 1.1 0.1 1.5
TOTALS: 6 0 8
“  Estimated waste loading operator time : 4 v per load
Estimated HP Tech time per rad or mixed waste load : 4 v per load
Ectimated HP shipper time per rad or mixed wasie load : 8 v per load
Estimatad clean waste shipping volume limit : 1176 11" 3 per load
Estimated radwaste shipping volume limit : 12 B8-25 Boxes

ar R e ALTAN S AABOMY ALESIUIY TAR WM

Page 4



APPENDIX B-5
ADVANCED MEDICAL SYSTEMS VR WASTE TRANSPORT SUMMARY

i&nput Original B-25 Waste Radioactive Wasle
Loec. Contaminated Waste Container Waste Shipment

code Volume Caontainers Cost Shipments Labor

(ft~3) (ea.) ($) (ea.) {man-hr)
1.70 927 33 $1.499 03 44
1.7 415 42 $1,905 04 56
1.73 52 0.5 $239 0.0 0.7
1.77 0 0.0 $0 0.0 0.0
1.78 136 1.4 $626 0.1 19
1.78 14 0.1 $63 00 0.2
1.80 308 3 $1,416 03 4.2
1.81 9 0.1 $41 0.0 01
234 24 $1,074 02 32
52 05 $239 00 07
64 06 $202 0.1 09
0 0.0 30 0.0 0.0
11 01 $49 0.0 01
550 5.6 $2,525 05 75
130 1.3 $509 0.1 1.8
113 1.2 $518 0.1 1.5
18 02 $83 0.9 0.2
343 as $1,576 03 4.7
630 64 $2,891 05 8.6
9 0.1 $40 0.0 0.1
42 0.4 $193 0.0 0.6
3,455 35 $15,866 2.9 47

10.0an-95 FILF SEG 01799+ CAQPROVAMS\VOL-TAB WQ1
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Appendix B-7
ADVANCED MEDICAL SYSTEMS OPEN LAND & MISCELLANEOUS SURVEY LABOR ESTIMATE

UNAFFECTED OPEN LAND AREAS 100%  100% 0%
100% PLAN GAMMA SURVEY
WIOT™ LENGTH WIOTH LENGTH WIDTH LENG™ AREA SURVEY SCANS SAMME SURVEY LABOR
SURFACE AREA ] ] fm) m) (blocks) (biocks) {m') 8LOCKS POINTE  POINTS fhes
Paved/Grase Front of Buliding To London Foad 300 1325 81 204 1 5 3ee S S 30 S
Paved/Grass mumsmwrm 80.0 170.0 274 518 3 s 1,421 18 18 0 18 e
Pavea/Grass North of Bullding o ay A 180.( 2500 8 8 76.2 [ [ arie 40 40 30 & 11
Favea/Grass Rear South of 10 Exsement 140.0 2200 27 (1K) L 7 2,881 38 ) 30 3% 10
Pevesirass North of 10 Eesement 70.0 250.0 213 76.2 0 1,828 24 24 30 2¢ 3
TOTALS 9,994 122 122 150 122 4
SEWER PIPE SURVEY
SURVEY CREW SURVEY
OCIAMETER LENGTH RATE sZe LABOR
BULDING AREA (in) M mh (s)
riot Cett 1Z° V.S P Sewer Line paraliel to Biag Front 12e 1.3 0 2 12
riot Cett 15 VS P Sewer to 58" Brick Main In Street 150 s 40 2 3
Hot Cett 10° V.S P. Sewer Main Uncler Bullding 100 213 40 2 "
Hot Cell € VS P Sewer Latersis Under Sulicing 60 100 <0 2 s
Hot Celt 4 VSP Sewer Latersls Under Buiiding 40 120 20 2 6
TOTALS §73 200 10 34
GRAND TOTAL: 78

11.0an8% FRE SEG 01799+ CIOPRO AMS SRV-LAND WO



Appendix L&

ESTIMATED MIOWEST COMPACT BURIAL CHARGE BASED ON CURRENT BARNWELL RATES FOR
AN UNSHIELDED LSA WASTE SHIPMENT

ey
SEA INPUT DATA SECTION
- s
CAGK PACKAGH TOTAL PACKAM SHELDED S Snm BrOLOCCAL WASTE
SHIPUENT (1M WEKNT (L05) cures POLUME T~ 3 BHPMENT (YA SHIPMENT (Y4 ) QUANTITY (@) SUPUENT (13
~ ) as - ~ ~ © ~
ST SET U BWALIATT D AW AFS UNSHIELDED SHIPMENT STATE GO0k CLASS B.C UNER CLASS B2 Daua CLASS BC OVERPACK
PEOUNRED (V) ) SHPMENT (YA WITH M o 44 (YT (Tows Latsars) SHIPMENT (YA BPMENT (1) SHPMENT ()
B B O] ol " » ~
Fw-nuu CALCULATION DATA
HAHOUNG € AP - $1000 par conk BOUTHEAST COMPACT AATES
( W €303 ) WTANCARD VOLUAE CHAMRE - SR par owdc oot
BUOLCEMCAL WASTE VOLUME CHARGE - $16700 par otk oat
Jomu suecrunos - A0 par grem A VOLUME CHARGE ~ 200 par cutie oot
BASE DISPOSAL CHARGE = $182.00 per suwbic fost
[sasewELl sunc s - e STAMULZATION & CLOSURE CHARGE - $1200 par otk oot
MU BPMENT CHARE - $1,000.00 pur shiprred
BETUP CHARDE - P80 pa shpmant WD TED HARDWARE BURCHARGE - HR00000 pov e svarpack
( Mrweem 417,800 |
SHIELDED SHaPUENT
[ENHT BURCHARGE RANGES & COSTS CURIE SURCHARGE RANGES & COGTS CLASS 8/C WASTE SURCHAROES |
% 10 1,000 (85 = 810 4 cumEs - [ W1 7Y, ] VLD par b
1,000 YO 4000 LBS om0 S$TO 16 Cures - Overpecka (37 da & 7 e, ) PAO0 e ovepeck
4000 TO 19,000 LAS - 1870 28 CuREs -~ 860t Driam (265" e x 3 1, ) VA0 per dm
16,000 TV 20,000 LBS - WTO G0 CUMES -
TO 3,000 LBS - 0T 7% CunES -
TO s o0 L8S - 7 TO 100 CURES -
40,000 TO 60,000 Lt - 190 TO 160 CURMES -
< 80,000 L BS - 180 TO 260 CUNES -
BURCHARGE OF) 260 TO #00 CUMES -
20 TO Voo CAmees -
> 1,000 CURIES -
l SURCHAAGE » SURCHAROE 80 ped cubi foot
IC BURIAL FEE CALCULATIONS
coursct. Midwest COMPACT STATUS COOE 3 MW Compact Membaer
BASE DESACBAL CHARGE - eaes o b bt
[STE STABULLIATION ANO CLOBURE FUMND - vaw o catioe boot
TOTAL VOLUME CHARGE ~ $168.25 per cublc foot
YOLUME - - adic bent
VOLUME - ¥4 4o 30
CURE BURCHAROE - "o
WM SURCHAROE - #1000
CASK USE SURCHARGE - 0w
| SMM BURCHARGE - K
HTE BETUP SURCHAROE - nw
CLASS B/C WASTE SURCHARGHE - "0
o OMEIPACK BURCHAROE - w00
TOTAL BURIAL FEE~ [ $17,738.30 ]

TOTAL($/FT*3) ~

$181.00

M“hhwwhMMNHMom*MMMM“anmhMﬁMMM

This setimate uess July 1, 1094 Barrowell reten.

I R s



Appendix B-9
AMS HOT CELL DECONTAMINATION SPECIAL PROCESS CHARGES
Semi-Remote Decontamination Using Moveable Shields,
Remote Tools Robotics and Chemical Cleaning '

Chemical Cleaning Duration 4 weeks
Cost Category Rate Unit Cost
Mobilization of Chemical Cleaning Contractor $5,000 each $5,000
Remote Handling Equipment & Shield $4,700 per week $18,800
Chemical Cleaning Waste Product Solidification $3,200 per week $3,200
TOTAL $27,000
09-Jan-95, FILE: SEG 01799+ C:\QPRO\AMS\CELLDECN.WQ1 Page 1



APPENDIX B-10

AMS WHUT ROOM DECONTAMINATION SPECIAL EQUIPMENT CHARGES

Remote Decontamination Using Robotics and Blast Cleaning

CO2 Blast Cleaning Cost
CO2 Blast Cleaning Duration 4 weeks
Cost Category Rate Unit Cost
Mobilization of CO2 Blast Cleaning Equipment* $22,000 each $22,000
CO2 Blast Cleaning Equipment Lease* $8,000 per week $32,000
Ventillation Equipment Lease* $34,000 each $34,000
Remote Handling Equipment & Shield* $4,700 per week $18,800
CO2 Blast Cleaning Procedure* $1,500 each $1,500
Liquid Nitrogen* $2,415 per week $9,660
Fuel* $1,200 per week $4,800
HEPA Filters* $1,000 per week $4,000
Technician Labor (3 techs)* $5,355 per week $21,420
TOTAL $148,180

W.H.U.T. ROOM DECONTAMINATION ROBOTICS SUPPORT

WHUT Room Cieaning Duration 4 weeks

Cost Category Rate Unit Cost
Mobilization of Robotics Equipment $10,700 each $10,700
Robotics Unit $66,500 each $66,500
Robotics Tools $10,700 each $10,700
Technician Labor $5,355 per week $21,420
TOTAL $109,320

* Costs based on a price quote by Hot Cell Services

09-Jan-95, FILE: SEG 01799+ C\QPRO\AMS\WHUTDECN WQ1
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Appendix B-11

AMS COBALT 60 SOURCE DECONTAMINATION AND SHIPPING

Decontamination Using Existing Manipulators and Chemical Cleaning

Shipping via existing AMS cask and comercial carrier

COBALT 60 SOURCE DECONTAMINATION

Co-60 Source Decontamination Duration 1 weeks
Cost Category Rate Unit Cost
Mobilization of Chemical Cleaning Contractor $5,000 each $5,000
Decontamination Chemical & Equipme i Couis $1,500 each $1,500
Remote Decontamination Labor $4,500 per week $4,500
Chemical Cleaning Waste Product Solidification $500 each $500
TOTAL $11,500
COBALT 60 SOURCE SHIPPING
No. Curies
Co-60 Source Shipments to Maryland 2 27,650
Co-60 Source Shipments Valecetos 3 42,350
Allowable curies per shipment in cask 13,830
Cost Category Rate Unit Cost
Mobilization of Shipping Cask $1,137 one time $1,137
Labor to Load Cask & Prepare for Shipping $2,080 per load $10,400
Shipping distance to Maryland 716 miles
|_Shipping disiance to GE Valectos and return 4,970 miles
Cask Transpcrtaion Rate per mile $1.56 mile
AMS Cask Lease Rate $0 per day
Cask Lease Days for Maryland Shipments 2 days
Cask Lease Days for GF Valectos Shipments 11 days
Shipping cost to Maryland $2,234
Shipping cost to GE Valectos $23,260
TOTAL $37,031

11-Jan-95, FILE: SEG 01799 +C:\QPRO\AMS\SHIP-C60.WQ1
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ppendix B-12
MS PROJECT INSTRUMENTATION COSTS
ONDON ROAD FACILITY
JECOMMISSIONING COST ESTIMATE

B =, TN, Seles Tax = 8.75% W/O Hoane Co. = 6.00%
+OTAL PROJECT
DURATION (months): 7 LEASE
Average Onsite Staff: 8 PERIOD LUIFE UFE UNIT
Inst-mo IN IN UNIT ™ UNIT LEASE TASK
TEM RADIATION-PROTECTION INSTRUMENTATION FOR DECOMMISSIONING _ . YEARS MONTHS PRICE TAX COST RATE RENTAL
instrumentation provided at monthly rental rate
1 EBERLINE - PORTABLE ALPHA COUNTER MCDEL / SAC-4: 1 1 12 $3,380 $246.82 $3.627 $302 $3c2
2  EBERLINE - PORTABLE BETA COUNTER MODEL / BC4: 7 1 12 $2,807 $200.45 $2,808 $234 $1,638
3  EBERLINE - PORTABLE ION CHAMBER INSTRUMENT MODEL An2: 7 1 12 $945 $82.65 $1,027 $es $595
4 BURK'S - HV-1 HIGH VOLUME AIR SAMPLERS W/ SAMPLE HEAD: € 1 12 $750 $65.63 $816 $68 $408
S  BURK'S - LV-1 LOW VOLUME AIR SAMPLERS W/ SAMPLE HEAD: 12 1 12 $680 $58.5C $740 $62 $74C
€  LUDLUM - MODEL 12 FRISKER WITH 44-9 PROBE & HARD CASE: 7 1 12 $653 $57.18 $710 $53 $414
7 LUDLUM - MODEL 19 MICRO R METER WITH HARD CASE: 7 1 12 $867 $75.86 $943 $75 $550
8  LUDLUM - FLOOR MONITOR CART W/ C PROBE 8 1 12 $2155 $173.28 $2,328 $194 $1,552
MODEL 239-1F FOR USE WITH 2350 MONITOR:
$  LUDLUM - FLOOR MONITOR CART W/ O PROBE 7 1 12 $1572 $137.53 $1,709 $142 $997 |
MODEL 239-1F FOR USE WITH CM7A CONTAMINATION MONITOR: f
10 LUDLUM - MODEL 2350 WITH KEYPAD, BARCODE READER, HEADPHONES, 15 1 12 $3,660 $263.60 $3.924 $327 $4,905
HARD CASE AND THE FOLLOWING DETECTORS: ]
43-68 100 cm2 GAS PROPORTIONAL DETECTOR
43-5 ALPHA SCINTILLATION DETECTOR
44-2 HIGH ENERGY GAMMA SCINTILLATION DETECTOR
44-40 SHIELDED GM PAKCAKE DETECTOR
43-37, 550 cm2 GAS PROPORTIONAL DETECTOR
11 LUDLUM - PORTABLE FRISKER MODEL 177 W/ 44-98 PROBE & HARD CASE: 7 1 12 $739 $84.67 $804 $67 $469
12 NE TECHNOLOQGY CM7A ALPHA/BETA FRISKER W/ DPSHA PROBE & STAND: 7 1 12 $4,184 $295.05 $4,479 $373 $2€13
13 TENNTLEC - LBS100W-2080- It #C BASED ALPHA/BETA COUNTING SYSTEM: 7 3 36 $31,244 $1,918.62 $33,162 $921 $6,448
14 RADIO INTERCOM WITH THROAT AND RESPIRATOR MICROPHONE: 3 1 12 $1,500 $131.25 $1.631 $136 $816
Instrumentation Sources Provided at Monthly Rental Rate
15 EFFICIENCY DETERMINATION SOURCE FOR MODEL 2350: 7 1 12 $325 $28.43 $353 $29 $206
16 Nal DETECTOR CHECK SOURCES FOR MODEL 2350: 7 1 12 $45 $3.98 $43 $4 $29
17  CALIBRATION SOURCE FOR MODEL CM7A CONTAMINATION MONITOR: 7 1 12 $1.919 $159.14 $2,078 $173 $1,212
18 ALPHA/BETA COUNTER, BC—4 & SAC-4 8aa SOURCE SET: 7 1 12 $4,600 §$319.89 $4,92C $410 $2,870
19 PORTABLE FRISKER 4ea SOURCE SET: 7 1 12 $1,308 $11425 $1,420 $118 $828
SUSTOTAL HEALTH PHYSICS INSTRUMENTATION: $63,131 $4368  $67,520 $27,596

5-Jan-85, FILE: SEG 01799+ C:\QPRO\VAMS\INSSBASE. WQ1
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AMS TRAINING PROGRAM

General Policy Statements
Instructors
Basic Radiation Safety Training Manual

Supplemental Radiation Safety Manual

Class 2 Service Engineer Program
Class 1 Service Engineer Program
Isotope Technician Program
Isotope Handler Program

Annual Refresher Training



EXAMINATION POLICY

Copies of exmainations, quizzes, and answers will not be distributed
to students prior te test.

After the exams are graded, they may be redistributed to the
students for review; however, the exams will be collected and all copies
retained by AMS for documentation purposes in the individual's C.V. files.

If retesting of a student is required, the format and questions
will be altered before the next test. Revised tests will be at least
equivalent to previous examinations.

TEXTS

The primary text utilized in the Basic Radiation Safety course is
found after TAB 2. This text will be supplemental with the manual
found after TAB 3.



AUDIO/VISUAL PRESENTATIONS

AMS intends to videotape all classroom and laboratory presentations,
if possible. These videotapes may be edited and utilized for student
review and refresher training. They are not intended to be used as
primary training sessions.




INSTRUCTORS

The training program outlines, which are part of this mantal, refer to
instructors by job title or classification. The present qualified individuals
who will be utilized as instructors are listed below by job title or
classi‘ication. The credentials of these individuals follow:

Radiation Safety Officer Robert Meschter
Engineering/Production Manager Edward Svigel
Isotope Handler Stephen J. Haddock

Qualified service engineers, used as instructors, shall have 6-12 months on-
the-job experience and must be evaluated and approved by the RSO and Isotope
Committee prior to becoming instructors.

Revised_January. 1995
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EXPERIENCE ADDENDUM

ROBERT MESCHTER

| am familiar with the process and gamma sources used. | have provided radiation
monitoring and surveillance during radiographic operations and know the 10 CFR 20

requirements specifically for posting and barricading areas during the operations. | can
calculate dose rates and exposures based on source strength, distance, and time. Other
nuclear experience includes radiological environmental sampling and analysis,
knowledge of radon sampling, and operation and calibration of radiation measuring
instruments such as G-M detectors, ion chambers, solid and liquid scintillators, etc.

Nuclear experience also includes *nuclear decontamination*, or more specifically defined
as those processes and methods for removing unwanted material from surfaces and
equipment. My experience in this area includes the operation of liquid abrasive systems
employing glass bead or cutting abrasives, CO, pellet blasting, Freon and other
degreasing systems, ultra-sonics, ultra-high pressure water cleaning systems, and other
solvent and chemical cleaning processes.

My nuclear background includes two (2) years chemistry laboratory experience. Primary
duties in this area involved the operation of a water purification plant (Graver and
Pennfield systems) and all sampling and analysis to insure Grade "A* demineralized
water. Laboratory testing of samples included the measurement of chlorides, fluorides,
conductivity, turbidity, dissolved oxygen, silica, suspended solids, pH, etc. Lab duties
also included preparation of reagents and standards and the use of strong acids,
caustics, and specialty chemicals such as Mvdrazine. Measuring and test equipment
experience includes pH meters, ion specific meters, Mettler balance, photometers,
hydrometer, conductivity cells, etc. Electroniz test equipment experience includes
multimeters, oscilloscopes, Meggar and load banks. | also have general knowledge of
electricity.

More specifically, my experience is:

Knowledge of 10 CFR Part 19 (§ 19.12) requirements and application sections of Part 20
(§§ 20.1101(a) and 20.1101), 33 (§ 33.13) and 3= '§ 35.21). Was involved in the
development and provided Part 19 Radiation Safety instruction to radiation workers while
employed at various nuclear power plants.

Hold an Associate of Science Degree in Radiological Health Technology. Have a broad
working knowledge of Health Physics principles, practices, and regulations. Routinely
reviewed ongoing procedures, proposed procedures, equipment at other facilities and
Advanced Medical Systems. Recommended necessary changes for the safe use of
radioactive materials and radiation producing devices.



Experience Addendum-Robert Meschter Page Two

Cognizant of potential airbome/surface contamination hazards when using unsealed
sources. Aware that metallic cobalt forms oxides when exposed to air and will result in
both airborne and surface contamination. Routinely conducted contamination (dry
swipe) surveys and air-monitoring and provided instruction to workers on intemal
radiation protection, potential contamination risks, contamination control, and protection
options. '

Knowledge of 10 CFR Subpart H intent and requirements, Part 20 Appendix B derived
limits, the ALARA concept, and contents of Advanced Medical Systems’ Respiratory
Protection Program. Received regular training covering respiratory protection in the
workplace and included types of respirators, suitability, protection factors, permissible
practice, Respiratory Protection Programs, and applicable regulations (OSHA 29 CFR
191C.134 and NIOSH/MSHA 30 CFR Part 11).

Knowledge of contamination hazards, contamination control, intemal radiation protection,
and decontamination procedures. Routinely provided instruction to workers and
subordinates on the proper use, maintenance, and disposal of protective clothing: lab
coats, disposable gloves/booties, and anti-c suits.

Knowledge of internal radiation protection, hood design and air cleaning devices.
Routinely evaluated hoods at Livermore Laboratories for use with radioactive gases,
vapors, and particulates; measured face velocities and determined air transport velocities:
determined the effectiveness of, replaced, and disposed of rough and high efficiency
(HEPA) filters; operated and m.an tained the glove box at various nuclear facilities.

Knowledge of 10 CFR Part 20 (Subpart K and Appendix F) and external and intemal
radiation protection. Involved in the planning and operation of the Perry Nuclear Power
Plant Waste Storage Facility. Prepared procedures for the safe collection, transport,
treatment (compaction of solidification), storage, and packaging for transfer to an
authorized agent. Routinely supervised and was involved in the collection, transport,
treatment, storage, packaging, and disposal of radioactive wastes at various nuclear
plants.

Knowledge of organization, management, regulatory, and operational aspects of a
Radiation Safety Program operating a Type A broad license. Knowledge of
RSO/Radiation Safety Office's responsibilities and functions.




RESUME

ROBERT MESCHTER

o 1994 - Advar<ed Medical Systems, Inc.; Radiation Safety Officer

° Complete authority and responsibiity for the Isotope facility at 1020 London
Road

Responsible for Radiatic  Safety

Responsible for reguiat.  .ompliance

Rewrote ISP Manual and paiiiipated in the rewrite of the Emergency Plan
Chairperson of the Isotope Committee

Member of the Management Committee and Safety Committee

0O 0 0 0o ©

° 1984 to 1993 - employed by the Cleveland Electric llluminating Company at the
Perry Nuclear Power Plant as a Senior Engineering Technician. Health Physics
and other related duties during the past nine years included (but not limited to)
engineering analysis and evaluations, project economic and cost benefit analysis,
preparation of procurement specifications, bid proposal evaluations, procedure

( writing, correspondence preparation, emergency planning, regulatory issues

review, technical and program reviews, and work crew supervision as assigned.

° 1975 to 1984 - employed in the commercial nuclear power industry in a variety of
Health Physics and other related positions including health and safety technician,
chemistry technician, consultant and engineering technician; member of American
Nuclear Society and Health Physics Society (specific employers and dates
available on request).

° The nuclear plants | have obtained training and experience at are as follows:
©
0
o
o
©
Q
<
o
Q
(o}
o

° Vietnam War Era Veteran, U.S. Navy, 1967 to 1972 - Honorable Discharge.

Duke Power, Oconee Nuclear Plant

Lawrence Livermore Laboratory

PSE&G, Salem Nuclear Plant

Jersey Central Power & Light, Oystercreek Nuclear Plant
Boston Edison, Pilgrim Nuclear Plant

Carolina Power & Light, HB Robison Nuclear Plant
TVA, Browns Ferry Nuclear Plant

SMUD, Rancho Seco Nuclear Plant

Connecticut Yankee, Haddam Neck Nuclear Plant
Alabama Power, Farley Nuclear Plant

LP&L, Waterford 3 Nuclear Plant
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EDUCATION

o

Associate of Science Degree in Radiological Health Technology, Central Florida
Community College, 1975 - Graduated with Honors (GPA 3.9).

Other training inciudes nuclear systems, engineering, economics, Kepner-Trego
Problem Solving and Decision Making, personal develo, ment, management and
supervision, TQM, and various short technical seminars.

Computer skills include work processing, Lotus spread sheet, 20/20 spread sheet,
and the use of industry specific calculational computer codes. Former training in
COBOL and FORTRAN languages.



DATE: January, 1995

CV for Edward L. Svigel
Engineering Manager
Advanced Medical Systems, Inc.
121 North Eagle Street
Geneva, OH 44041

I. Primary Function: To manage and supervise Engineering and related
departments. Mechanical and electrical design of medical equipment to
include R&D, test and evaluation, Quality Control and GMP compliance.

IT. Organizational Relationship:
A. Reports to: General Manager

B. Manages: R&D, Manufacturing Department, Quality Control
Department and draftsmen

C. Works with: I[sotope Department, Service Department, Purchasing
Department and Materials Control
ITT. Education:
- A. B.M.E. - Gannon College - 1970
( B. Communication/Electronics Staff Officers School - 1971
IV. t Hist
Diamond Shamrock 1963-1965 Drafting
True-Temper - Central Engineering 1970-1976 Research Engineer
U.S. Army Signal Corps 1971-1973 Signal Officer
True-Temper Corporation 1976-1977 Plant Engineer
Gould/Engine Parts Division 1978-1982 Machine Design Engineer
Advanced Medical Systems, Inc. 1982~-Present Engineering Manager
V. Previous Experience:
A. Design and development of fiberglass hammer handles, tennis
racquets.

B. Design and development of automatic golf shaft straightening
machine.

Project engineer for installation of Reverse Osmosis System.
Energy Conservation Engineer and Coordinator.

Supervisor of plant draftsmen and Quality Control technicians.

- = O O

Supervision of Army Battalion Communications Radio Relay Section.



CV for E.L. Svigel -2- January, 1995

V. Previous Experience (Continued):

G. Deputy Chief of Fort Bliss Education Television Division - u.s.
Army.

H. Project Engineer for purchase and 1nsta11at10n of Carbon
Absorption unit.

: Designed, specified and purchased plating room equipment.

J Supervised and coordinated rebuilds of elevator plating machines.

K. Designed special tools for use in areas of high radiation.

[ Supervised and coordinated GMP Program on medical equipment .
M. Coordinated and managed capital equipment purchases and moves.
N. Supervised the construction of 34 Cobalt units and 2 simulators.

0. Initiated ECO procedure per Title 21 and AMS Q.C./GMP Program.



WORK_EXPERIENCE:

STEPHEN J. HADDOCK
1170 East 337th Street
Eastlake, OH 44095
(216) 953-3966

ADVANCED MEDICAL SYSTEMS, INC. - CLEVELAND, OHIO

Isotope Handler and Technician (May 1991 to Present)

Health Physics responsibilities included the following:
*Licensed on USNRC #34-19089-01 as a sealed source handler and
[sotope Technician; assisted Radiation Safety Officer in all
aspects of the facility's operation.

*Exposure to contaminated areas with contamination ranging from
100,000~200,000 dpm/100ca’ throughout the room.

*Health physics support in high radiation areas with an
accessible dose rates of 1-3 R/hr.

*Extensive hot cell maintenance and manipulator use experience.
*Transfer and handling of special bﬂﬁproduct material with
activities ranging from 2,000-9,000Ci Co® and potential exposure
of 3,000-10,000 Roentgens/hr. @ 1 meter.

*Equipment maintenance and calibration.

*Packaging radioactive waste.

*Shipping and receiving of radioactive material.

*Assisted in developing a Decommissioning Plan and Emergency
Pre-Plan.

*Assisted in developing and implementing plan for replacement of
HEPA filter system and for hot cell upgrades, repairs and
maintenance.

*Responsibilities also included source fabrication; basic
radiation safety for the facility; associated maintenance
routines for Picker-AMS Cobalt-60 Teletherapy equipment; source
transfers and shipments; physical inventorying of sealed sources
and basic daily procedures of operation for the facility under
AMS and Nuclear Regulatory Commission guidelines.

COYNE-KANGESSER - CLEVELAND, OHIO
(s} 1 1991

Managed 15 employees, which involved hiring, payroll,
termination and scheduling of personnel as well as marketing
functions. Responsible for customer complaints, billing and
deposits. Position included a high degree of confidentially and
customer contact.
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CE:

(Cont'd)

BALDWIN-WALLACE COLLEGE - BEREA, OHIO (1982-1986)
Athletic Trainer (1982-1986)

Part-time as a student athletic trainer with the Athletics
Department. Duties included all facets of injury assessment
including emergency procedures, first-aid including physical
therapy and preventative procedures. Assisted doctors with
field emergencies and physicals.

BALDWIN-WALLACE COLLEGE - BEREA, OHIO (1982-1986)

Bachelor of Arts--Health including 60 Credit Hours in Science
Related Class and 58 Credit Hours in Teaching
Related Classes
3.0 GPA in His Major

b . chn vice Award

Recipient in 1984, 1985 and 1986. Awarded for outstanding
service at Baldwin-Wallace Cullege.

Baldwin-Wallace College Four-Year Honorary Letterman for
Athletic Training from 1982 to 1986.



BASIC RADIATION THEORY
AND
SAFETY PROCEDURES

COURSE SYLLABUS

(Broad)

Togic

Mathematics Review

Basic Radiation Physics

Radiation Detection and Measurements
Biological Effects of Radiation

Radiation Protection Standards

Protection Against External Exposures
Protection Against Internal Exposures
Shipping and Receiving Radioactive Material
Emergency Procedures and Response

(uizzes/Examinations

LABORATORY EXERCISES

Time (Hours)

Survey Meter Use and Care

Calibration of Survey Meters including Demonstration of

Shielding and Distance

Radiation Measurements and Contamination Monitoring

Packaging, Shipping, ard Receiving Radioactive Material
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STUDENT NAME:

TRAINING ..2CORD

LOCATION & TESTING  STUDENT INSTRUCTOR

UNIT # COURSE IDENTIFICATION NO. HOURS  STUDY AIDE DATE ATTENDED RESULTS  SIGNATURE SIGNATURE
LAB 1| Survey Mecer lise § Care
LAB 2| Calibration of Survey

Meters, Shielding &

Distance
LAB 3! Radiatiop Measurements &

Contamination Monitoring
LAB 4| Packaging, Shipping, &

Receiving Radioactive

Material

Isotope

Committee Review Date:

Comment:

Member Officer Signature:




II.

RADIATION SAFETY TRAINING

FOR

ADVANCED MEDICAL SYSTEMS PERSONNEL

Basic Radiation Physics

Atomic and Nuclear Structure
Ionization - Isotopes
Radiocactivity

Decay Process
Types of Emissions
Half~-Life

Curie
Decay Formula - Use of Decay Tables

Properties of Alpha, Beta Particles, Gamma

Neutrons
Interaction of Radiation with Matter

Radiation Dosimetry

Definition of Terms (Roentgen, RAD, RENM)
Exposure Rate - Dose Rate

Specific Gamma-Ray Constant

Inverse Square Law

Calculations

Background Radiation

Rays,

Characteristics of Co~60 and Cs-137 Sealed Sources

Biological Effects of Radiation

Cells and Radiosensitivity
Somatic Effects

Acute Exposures
Chronic Exposures

Genetic Effects
Factors Affecting Biological Damage

Case Histories

I-rays,

and



III.

IV,

Radiation Detection
Principles

Ionization Method
Scintillation Method
Thermoluminescence
Photographic Film Dosimetry

Instrumentation

GM 3Survey Meters
Pocket Dosimeters
TLDs/Film Badges
Detectors Used at AMS

Instrument Calibration
GM Saturation

Radiation Protection Standards

History
Regulatory Agencies

NRC Licerse

10 CFR Parts 19, 20, and 30
Regulatory Guides

ANSI Standards

Exposure Guides

Bioassay Progranm

Radiation Protection
Principles of Radiation Safety

ALARA Principle

Time, Distance, Shielding
Personnel Monitoring
Radiation Measurements
Instrument Calibrations
Required Postings



(
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Receiving, Handling, Storage of Sealed Sources
Source Installation

Routine Use of Source in Device
Leak Tusting Sealed Sources
Source Exchange

Source Inventory/Accountability
Packaging and Shipping Sources
Emergency Procedures

Stay Time Calculation

Shielding Calculation

Activity Calculations

Bands on Activities

Each of the following procedures will be demonstrated by the
instructor, In turn, each participant wxill be required to
dewm:  itrate their abilicy to perform the procedure properly:

Leak Testing Sealed Sources

Packaging Sealed Sources for Shipment

Use of a Survey Meter Including Care and Calibration
Air Monitoring

Contamination Monitoring




RELATIVE STRENGTHS OF

FORCES IN NATURE

Nuclear Force

Electromagnetic Force
#Ueak Force

Gravitational

10""
IO"lJ

10" **

*weak force ~ an interactive force between

Work or Energy “ability te do uork"‘:

the constituents of beta decay

mage x acceleration

force x distance

An electron in orbit around the nucleus has
potential enerqgy due to being immersed in an
electric field (the positive protons in the
nucleus and the negative electrons in the
electron orbite). It aleo has Kinetic energy
because it im moving (has velocity). The tota)
energy which holds the electqon in orbit e

the binding enerqy. To .remove an electron

from an atom, you must give it enough energy
(work) to overcome its binding energy.




BOHR'S ATOMIC MODEL

M Shell

L Shell

Electron

K Shell

1 inch = 2.54 ¢m

10°* cm = .00000001 cm

"

1 inch

250,000,000
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lo'lzcm
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neutron

TRITIUM (T)



CURRENT CONVENTION

FOR

ELEMENTAL NOTATION

Where: X

Accordingly.,

A

A

= chemica) symbol

Ex: Co - Cobalt
Ce =~ Cesium

atomic number

number of pr&ton._lnd
- number of electrons for
neutral atome (net charge = Q)

Ex: i
27

27 protons and 27 electrons

atomic mass

= number of protons and neutrons (nucleone)
in the nucleus

= 2 = number of neutrons in the nucleus

Ex: i D
27

60 nucleons (neutrons and protons)

-2 =60 - 27 = 33 -neutrons



ATOMIC ENEROY LEVELS

Atomic Energy La;clt

( NUCLEAR ENERGY LEVELS

Energy scolel{Mevi
-]

Energy level dia-
gram for carbon 12,
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Proton number, Z

A plot of neutron number N versus proton Z for all
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low=A nuclei and reaches a value of N/2 - 1.6 for
high=A nuclei.
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RADIOACTIVITY

37 billien

of radicactivity equivalent to
disintegrationsg per second.

A measure

The Curie =~

1 millicurie (mCi) one thousandth of a curije

1 microcurie (uCi) = one millionth of a curie

radiouctlvlt} equivalent

disintegration per gecond.

The Becquerel -

to

Prefix

boArcshetanerel 5 ) vy - S AL . ) dersnerqueiaie

boRisemeianerel - | gag

exa

peta |
ter:

B
mega

hecto
deka
deci
centi
milli_
mi
nano
pico
femio
atto

Advanced Medical Systems

Device Nominal Activity: _____ Ci
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RADIOACTIVE DECAY

Alattter X e "4 ¥

"

Allac'

A = activity

A = .693

half~1ife
t = decay period
e = base for natural log

= 2.71828 . .

]
~X

|og.x

i
x

el

for *°Cos the half-life (ti/2) = 5.3 years

Example: UWhat is the activity of a S000 curie {Ci.)
*°Co sealed source after 15.9 years?

SO000C i, x @~ ~*®?3/3.3 vears « 19.3 voare)

Alln.l

S000Ci. x e~%-°7*

H

S000Ci. x .125

625 Ci.



UNIVERSAL DECAY TABLE (REF S)

The ac&onoanynnq table can be used to determine the fraction of
activity remaining of any radionuclide, from 0.001 half-life to
1.00 half-life. To use the table complete the follcuing:

R Divide elapeed time by the known physical h?lf—]lfb of the
radionuclide under consideration (t = Ty,2).

NOTE:

the same time unit muet be used in each instance.

- Use this C~swer (to three significant figures) in locating
the percent of original activity remaining. The firsgt
two significant figures are listed on the vertical column
&t the left of the table: the third significant figure is
listed on the horizontal across the tope of the table.

. A Multiply original activity by this percentage figure to
obtain amount remaining. !

Example:

Wha: is the strength of a 10 wCi *3']
source after 2 dayve?

1. t + Tavz =2+ 8.1 = 0.247

> Fraction remaining from decay table = 0.84245

3. 10 mCi x 0.84265 = 8.43 mCi
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Actioity remaining for | + T,y from 0 to 1.0¢
000 001 003 .003 004 0038 - 08 007 008 009
1.00000 99931 99861 .09792 99723  .90654 90585 00516 .99447 99373
99309 99240 .WI172  .99103 90034 88066 08897 08829 98760 08692
8623 08555 8487 08418 98350 08282 .08214 .B8146 98078  .98010
97842 97874 97806 97739 .NT671 07603 9756 97468 07400 97313
97265 97198 97131 97063 96006 96020 06862 96785 96728  .96661
96504 96527 96460 96393 95326 . .06250 06183 .96126 .96059  .95993
95926 95860 .95794 95727 .95681 85585 . .95528 95462 .95396  .95330
95264 95188 .95132 05066 .85000 . G484 04868 04803 94737 .94671
B4606 94540 04475 04400 04344 04278 04213 64148  .94083  .94017
93952 .93887 93822 .93757 . .83692 .03627 83562 .8M98  .93431  .91368
83300 83239 90174 831090 93045  .92980 92916 .92852 .92787 .§2723
92659 92595 92530 .92466 92402 - 92338 .92274 92210 .92146 .92083
92019 91955 91891 .91828 91764 .91700 .G1637 - 91573 91510 .91447
91383 91320 .91257 91193 .91130 - .91067 .91004 .90941 .90878 .9A81S
90752 .90689  .90626 90563 90501 .90438 .90375 .90313 .90250 .90188
90125 90063 .90000 89938 89876  .89813 89751 .89689 89627  .89565
89503 89440 89379 89317 89255 .89183 .89131 .89069 .89008 .88946
88884 88823 88761 88700 .88638 88577 .88515 88454 88393 .88132
88270 88209 88148 88087 88026 .87965 87904 87843 87182 .87721
87661 87600 87519 87478 .87418 37357 87297 87236 .87176 .871lS
H7055 86995 86834 ' 86874 .86814 . .B67S4 . .B6694 86634 .86574 .86Sl4
86454 86394 86334 = 86274  .86214  .86155 . .B6005 .86015 .85076 .85916
45857 85797 85738 85678  .85619 85550 -.85500 .85441 .85382 85323
85263 85204 85145 85086 85027 84968 .B4910  .B4851 . .84792 .84713
B4675 84616  B4SST 84499 84440  .B4382  .B4323 84265 | .84208 84148
84090 84031 83973 83915 .83857 - .8ITP0  .BIT4l .83683 83625 83567
H3509 83451 83393 83335  .83278 83220 . .83162 .83105 .83047 82989
82932 82874 82817 . 82760 .82702 .B82845 .82588 82531 .82473  .82416
82359 82302 .82245 82188 82131 -.82074 82017 81960 81904 .81847
S1790  BIT34 81677 81620 81564 .81507 .81451 .81384 81338 .81282
81225 81169 81113 .8I1GS7T .81000 80044 .80888 80832 .80776 .80720
BO664 80608 80552 80487  .80441 80385 80320 .80274 .80218  .80163
80107 .BOOSI .79996 79841 70885 79830 .T9TIS .79719 .79664 .79609
TOSSY 79499  .TO443  .79388 179333 79278 79223  .79160 .79114 .790S59
B 78949 (78895 78840 78785 78731 78676 .78622 .78567 .78513
3 18404 (78350 78295 .78241 78187 78133 .78079 .78025 .T7970
77916  .TIB62  .TTBO9 . .TTISS  .TTIOL  (TIBAT .TTSG3  .TISI9 .TV486 .T7432
TT3TS .TTI2S  .TY2T1 (TT2I8  (TTI64  .TTI1l  .T7OST  .T7004 .76950 .76897
76844 16791 76737 76684 76831 78578 76525 76472 .76419 .76366
76313 .76260 76207 .76154 .T6102 76049 .TSO06 75544  .75891 .75838
75786 (75733 (75681 75628 .75576  .US524 .TS4TL  .TS419 .75367 .75315
75262 75210 .IS158 (75106 75054  .TS007 74850 .T4898 74846 .T4T94
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Actioity remaining for t + T,y from 0 (o 1,00
004

BBPBR28 bbb st naats

000 004 002 .003 006 .007 008 - 009
TJ4T42 74691 . 74639 T4587 74536 T4484 .T4432 74381 74329 74278
74226 74178 .T4123 74072 . 74021 73068 . . 73018 .713867 13816 73765
73713 13662 13611 13560 73808 73458 73408 13357 73306 73255
73204 73154 13103 73052 (73002 . .72051 .72800 72850 127199 72749
12699 72648 72568 T2548 . Tu97 J2447 72207 12347 12297 12247
WT2I96  .T2146  .T2006  .T2047 71907 TIS4T 71807 T1847 (71797 1747
71698 71648 71508 71848 ' 71499 (71450 .T1400 (71351 11301 71252
71203 1153 71104 71085 ', 71008 T0886 70007 70858 70809 70760
70711 70662 70613 70564 70518 70466  .T0417 .70368 .70320 7027)
70222 70174 70125  .70076 70028 65979 60831 60882 69834 .69786
69737 69680 60641  .68502 .608544 69408 60448 69400 68352 68304
69255 69208 60160 .69112° .80084 60016 68968 63920 68873 68825
68777 68729 68682 68634 88887 88530 68492 68444 68397 68349
638302 68235 .68207 68160 .68113 68066 88019 67971 67924 67877
67830 67783 .6TTI6 67680 67642 B7508 67540 67502 67455 67408
67362 67315 67268 67222 .87TITS .. 67120 67082 67036 .66989 66042
66896 66850 86804 .86TST 88711 88865 66610 66573 66526  .66480
60434 66388 66342 64206 68250  .668204 88150 66113 66067 66021
65675 65800 .45884 .85838 .657TR1  .&5747  .65702 65656 65611 _.65585
63521 65474 65429 65384 65338 65283 85948 65203  .65157 .65112
65067 65022 64977 84832 64887 64842 .64797 64752 . 64T0T 64662
64618 64573 64528 64483 64430 64304 64340 64305 64260 64216
64171 34127 64082 64008 63904 BI040 63005 63861 63816 .637TT2
63728 63684 63640 63566 63552 61508 63464 63420 63376 63332
63288 63244 63200 63156 .83113 63060 63025 .62982 62938  .52894
.62851 62807 62764 .62720 .62677 .62833 .62500 .62546 62503  .62460
.62417 62373 62330 62287 .62244 .62201  .62157 .62114 .62071 .62028
61885 61942 61900 61857 .61814 81771 61728 61685 61643 .61600
61557 61515 .61472 61429 61387 61344 61302 61259 61217 61174
61132 61090 61047 61005 .60963 .6092] 60878 60836 .60794 60752
60710 60668 60626 60584 .60542 60500 60458 60416 60374 .60332
60290 60249 60207 60165 .60123 60082 60040 59999 59957 59915
59874 59832 59791 S9750 59708 59667 59625 50584 59543 59502
59460 56419  .58378 58337 59296 509255 59214 59173 59132 .59091
59050 59009 58968 58927  .5888¢ 58845 58805 58764 S87T21 .58682
58642 58601 58561 58520 58479 (58439 58398 .58358  .S$8317 582717
58237 .58196  .58156 58116 58073 .5803s 57995 57958 57918 57875
57834 STT94 STTS4 STT14 57674 57634 57584 57554 ST518 57475
57455 57385 87385 .57316 57276 57236 57197 5T187 STL1T .57078
ST038 56999 56959 .56920 .56880 .5684) .56801 56762 56723 56683
56644 56605 56566 56527 56487 56448 56409 .56370 56331 .56292
56253 56214 56175 .56136 .56097 56088 56019 55981 55942 55900
55864 55826 55787 .55748 .55710 85671 85632 55504 55855 58517
55478 55440 85402 55363 .55325 ;55287 85248 55210 85172 .55133
55095 55057 55019  .54981 84943 54905 54867 54829 54791 .54753
54715 54677 546839 54601 54563 54525 54488 54450 54412 54374
54337 54299 54261 54224 54186 54149 54111 54074 54036 53999
.53961 53924 53887 53840 53812 33775 53737 .83700 .53663 .53626
33589 53552 53514 .S3477 53440 53403 53366  .51329 53292  .53255
53218 53182 53145 .53108 53071 53034 52008 52961 52924 52888
52851 52814 52778 52741 52708 526688 52632 52595 52559 .52522
52486 S2449 52413 52377 52340 52304 .52268 52232 .52196  .52159
52123  .52087 52081 52015 . .5197% S1843 51807 51871 51835 51799
.51763 51727 51692 .51656 51620 - 513584 51548 51513 SI4T7 Sl441
51406 51370 51334 51209 51283 51228 51192 S1187  .S1121 .51086
51081 51015 50880  .S0845 - 50009 50874 50839 50803 50768 .50713
50698 50663 .S0628 50583 50858 LS0523 50488 50453 50418 .50383
50348 50313 .50278 50243 50208 S0174 .50139 .S0104 50069 50035




RAODIOACTIVE DECAY MODES

LPHA DECAY =~ aporoximately 140 known radionuclides

- occurs primarily in heavier elements

- the disintegrating nucleus emits an alpha particle (¢ )
which essentially is a helium nucleus

‘Hel®
2

Symbolically noted as:

A2 474y 4+ ‘He’* + Kinetic Energy of & particle

! 1-2 2

Example:
1287 ey 224, + ‘He** . Kinetic Energy
vo ae 2

w4591 MV
$T%

Y.0188 Maev
(35% ¢*) Van
A4

Radium-226 uransformation (decay) scheme.



( BETA DECAY - approximately. 1000 artificially produced

- lie above (B") and below (B' or E.C.) stability curve

- the disintegrating nucleus geeks nuclear stability by
emitting a beta particle or capturing an orbital electron

- 3 types

Negatron Emigssion =~ B°
Positron Emigseion - B
Electron Capture E.C.

Negatron Decay

Negatron (B") decay occurs when an electron
is created in and emitted from the nucleus

Symbolically noted as:

Afemeees B} & %5 (B7) + V' (entineutrine)
1 1+1 -4

caused by:

A————— 5 »+ B + VY

sthe neutrino was discovered when observed beta
enerqgies were continuous and not digcreet

Example:

“co
' B.O214 Mev
S;r_

| 7,1173 Mev

——

Y 1332 Mev




Positron (B*) Decay

Positron decay occurs when a positron
is created and emitted from the nucleus

:x—-—'—)-*v ¢+ %(B°) + Y (neutrine)
L

-1

Example:

Y277 Mev

gy
AL

Sodium-22 translormation (Jmn wheme,

A positron is a unique creature in that it annihilates
with an electron to form two .51 MeV photons.



—

Electron Capture or K-Capture

- the disintegrating nucleus seeks nuclear
staviiity by capturing an orbital electron

- p + "e——2n

-1
Symbolically noted asg:
-1 -1

.y * °e'—““>' sy *  Ke-ravy
4

Example:

I00INE - 125
ELECTRON CARYLRE OECav
ws
1
*-::“‘* o7
k .
In ™ il .
staaE




RADIATION INTERACTIONS

( WITH MATTER

Charged Particle

o G;Nrd\’
e >, o B
o P » N
5 #

( ‘I::I') ‘liiiiiil) ‘ "liiiilil)
IONIZATION: " EXCITATION: BREMSSTRAHLUNG :
Removal of Raising of ) ‘Electromagnetic

electron electron - - radiation :
released
Energy Loss Mechanism
. | . n-E1l ron Annih on)

. . - -
B S . B™ or e

+S1 MeV 51 MeV
Photon Photon

Rules of Thumb

1. Alpha oarttclen up to 7.5 MeV are stopped in the
dead layer of normal gkin.

v Beta particles will penetrate about 4 neter.
in air per MeV of energy.

- Beta particles will penetrate about 0.5 em in
soft tissue per MeV of energy.

4. Beta particles up to 70 keV are stopped in the
dead layer of normal skin.




-

Photon

An electromagnetic wave with no charge and no mass
(x~rays and gamma rays).

-

The three processes py which x and gamma rays most often
interact with matter. ' - A

(a) Photoelectric process: the incident photon is absorbed
by one of the inner electrons. The resulting
photoelectron leaves its orbital. The vacancy created
is filled by an outer electron jumping ins with
simultaneous emission of x-ray.

(b) Compton process: the incident gamma ray interacte
with one of the auter electrons and transfers a
part of its energy to this electron.

(¢c) Pair production: the incident photon converts inte
an electron-powitron pair in the coulomblic field
of the nucleus. THe positron annihilates with an

electron.

NOTE: The probability of a particular type of
interaction is related to the photon energy
and the atomic number (deneity) of the target

material.



ALPMHA BETA GAMMA 27257

Figure 3-5, Cloud chamber photograph of alpha, beta, and gamma ray tracks (|.B H'uz
Electron and Nuclear Physics, courtesy . Van Nostrand Co ) (H4)



Roentgen (R)
(exposure)

RAD
(doge)

¢ REM

1
- R.B.E.

Type of'jo;gtion

RADIATION DOSIMETRY UNITS
A measure of electrical charge
distribution in air

2.58 x 10" Coulombe/K@iate)

A meagure of energy deposition in a
medium by expoeure to rndiqt:on.

100 erq./g.t..‘l..l :

.877 Rads(aie

1.0 Roentgencair

.877 Rads(aier) = .95 Radsceert tteswar

A unit of radiation dose related
to radiation protection.

rem = Rad x Quality Factor

The Quality Factor is related to the
LE.T. (Linear Energy Tranesfer) and the
(Relative Blological Effectiveness).

X, By gamma

For X,

fast néutron-

8,

thermal neutrons

alpha particles

and gamma:

¥
10
20

11 =1RAB =
protection purposes

1 rem for radiation



RADIATION DOSIMETRY

( " FOR *°CO AND *37CS SOURCES

- Nominal Activity "Co Device S000 Ci

- Gamma Constant
*%Co "~ £.32 _R__ at im R at icm
Ci-hr ‘ Ci~hr
'37Ca - 0.33 _R_at 1 m
Ci-hr

Example: What is doee rate at | meter from a
4700 Ci *°Co point source?

1.32 R x 4700 Ci = 6204 R/hr
Ci~hr

be?

6204 R/he @ 1 m. (initial)
? d 1/72 m. (final)
use:

ORtiaer = CRimLEGas (ri/re)?  where r is the distance
'ronrthe source

6204 R/hr x (1/.5)2

DRt (e

6204 R/hr x (4)

= 24816 R/hr

If distance is decressed to 1/2 meter: what would the dose rate )



SUMMARY OF AVERAGE ANNUAL PER CAPITA:

DOSES TO WHOLE U.S. POPULATION

Source

Average per capita
Lose (mrem/year)

Natural background
Coemic
Terregtrial

Tech. Inhanced
Sub~total
Man-made
Hedical -

X~ray

Nuc; Med.
Sub-total

Nuclear weapons
Nuclear power

Congumer products

Sub~-total

31

68

103

77

14

91

<1

0.5-1.9

=200

REF 3



g%

10.
11.
12.
13.
14.
15.
16.
17,
18.
19.

20.

U.S. AVERAGE ANNUAL DOSES

FROM RADIOACTIVE PRODUCTS

Radium wrist watch .....civinvnsnvesnnssncnnes 3 mrem
T}itiu- wrist watch ;..............,......... Olb mrem
Radium dial alarm clocks ....vvsensisnsnnsaes 7 to 9 mrem
Cigarettes, 1 1/2 pack per day, to Tung ..... 8,000 mrem
Building materiale, masonry ..:.............. 7 mrem

Road construction materials .....cevivevesess 4 mrem

Coal fired power plant, te lung suovvievescsee. 1 to 4 prem
Cooiinq with natural gas stove .........vv000 6 to 9 mrem
Re-ide;tial ienization smoke detector ....... 1 wmrem
Dental porcelain in false teeth, to qua ..... 60,000 mrem
Thofiun‘roéc tinted eveglasses, to eve ;...;. 4,000 mrem
Phénoqrcoh rccérd ;tatic él;-lnator_...;..{;. 0.001 mrem
Reading a book. 3 hrs/day .....;..........{.. 0.5 mrem
Aircraft luminous inetrument diql semsses 1;000 to 5,000 mrem
Radium pocket watch., GSD ..................l. & mrem
Radioactive lightning rode ....covvversvnnass 0.05 arem
Uranium glaze in dinnerware, to skin ........ 2,400 mrem
Farmer using phosphate fertilizers GSD ...... 2 mrem
Worker in fertilizer plant, to lung ......... 5,007 mrem

Gas lantern mantles for CamPing ....ivesvvass 0.1 to 0.4 wrem

REF 3
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