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I. INTRODUCTION

A Overview

The Michigan Deoartment of Public Health, Division of Radiological
Health, has completed the third year of investigations authorized
under contract #NRC-06-77-051. This contract with the U. S. Nuclear
Regulatory Commission (NRC) and the U. S. Department of Transportation
(DOT) empowers the Department to study the transportation of radio-
active material in the State of Michigan and to assess the impact of
that transportation on the health of the citizens o7 the State.
Observations made during the third contract year, from September 1, 1979
to August 31, 1980 are summarized and evaluated in ttis report. Orig-
inally a three year program, the contract has been extended to the
fourth year, and investigations are continuing.

Departmental surveillance is intendud to assist federal agencies

in the enforcement of DOT regulations in 49 CFR Farts 171-178 and

NRC regulations in 10 CFR Part 71. These regulations govern all
aspects of radioactive material (RAM) *-ansportation such as radi-
ation limits for vehicles, areas and .ackages; removable contamina-
tion limits; packaging; security seals; and labeling. Minimum sep-
aration distances between RAM and live animals, undeveloped photo-
graphic film, and areas normally occupied by humans are also regulated.

The principal objectives of the radioactive material surveiilance
program were:

1. To determine radiation doses received by transportation
workers as a result of directly handling or working in close
proximity to packages containing radiocactive material.

2. To gather factual information and data concerninj radiation
levels at transportation facilities caused by the presence of
these packages.

3. To evaluate the level of compliance by shippers and carriers
with packaging and shipping regulations. Factors studied
include proper package labeling, assignment of accurate
transport indices, placarding of vehicles, and maintenance of
prescribed separation distances.

4. To obtain data on the physical condition of the packages
containing radioactive material.

Most of the carriers studied were initially contacted during the
first contract year. However, the constantly changing transporta-
tion industry requires some initial contarts each year. During the
initial contract phase the major carriers of RAM were identified.
Tyres of materials handled, routes followed, and transportation
schedules were studied. When a carrier was located that handled
significant amounts of radioactive material the terminal was checked
for location of storage and work areas, an area sketch was drawn, and
worker handling data was obtained for personnel dosimetry decisions.
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Investic~tions during this cortract year were primarily in the
follow-up phase. During this phase any changes were noted in the
layout of the work area, the particular employees handling radio-
active material, and the quantity or type of material transported.
Area, personnel exposure, package, and vehicle surveys were con-
ducted, commensurate with the handling practices. A profile of
investigations is shown in Table 1.

During area surveys, radiation levels were measured and recorded
around work stations, hazardous materiais storage areas, and areas
frequently occupied by workers. Using terminal area sketches, lo-
cations of area radiation reaa.ngs and package storage areas were
noted. Area monitoring devices were placed around RAM storage lo-
cations and in areas frequented by personnel.

With the aid of management, personnel exposure surveys were conducted.
The workers most frequently handling RAM were identified and ass.gned
monitoring badges. Other workers having minimal contact with RAM were
ascigned badges as controls. For reporting purposes, the workers were
categorized by functional, work-related titles. Data is summarized in
Tables 2, 3, 4, and 5.

Quantities of RAM are classified as 1imited quantity, Type A quantity,
or Type B quantity and are packaged accordingly. Strong, tight pack-
aging is required for 1imited quantities, and since May, 1979 a single
exterior label, "Radioactive Materials Limited Quantity, NOS", is re-
quired. Type A gquantities are shipped in Type A containers, which

are usually "7A Type A" cardboard cartons. To be designated "7A Type
A", a container must pass DOT tests for duribility under normal trans-
port conditions. Containers for Type B quantities are built to
survive the forces of severe hypothetical accidents and are usually
constructed of steel. Both Type A and Type B containers are reauired
to have two labels placed on opposite sides of the package. These
labels as specified in 49 CFR 5§ 172.436, § 172.438, and § 172.440

are called WAITE I, YELLOW II, and YELLOW III, respectively. Each
label must include the name of the radicnuclide or radionuclides, the
amount(s) in curies, and the Transport Index (T.I.). The T.I. is defined
as the dose rate in mrem/hr at 3 ft. from the surface. No Transport
Index is assigned to White I's, because the 3-foot radiation level
must be le<s than 0.1 mrem/hr, by definition. Type A and Type B
packages are labeled according to the radiation dose rate at the
surface and the T.I. The respective surface and 3-ft. (T.1.) limits
for each label are 0.5 and less than 0.1 mrem/hr for WHITE I, 50

ard 1.0 mrem/hr for YELLOW II, and 200 and 10 mrer, ar for YELLOW III.

According to wipe tests, all packages checked were free of significant
exterior contamination as required by DOT regulations.

During package surveys, carcons and overpacks containing RAM were
examined for proper package labeling, shipping documents, assign-
ment of transport indices, physical condition, security seal, iso-
tope listing, and removable surface contamination. Radiation read-
ings in mR/hr were obtained at the surface of the package and at

a distance of three feet. The measuring process was conducted in
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The uR meter is a special purpose scintillation crystal type gamma
survey meter with four linear scales 0-25 to 0-5000 microR/hr. It
is of proven value for locating small sources and measuring fluc-
tuations in background radiation.

The "Rascal"” is a digital survey meter with a single channel analyzer,
When used witn the SPA-3 probe, it becomes a sensitive scintillation
crystal type gamma detector that reads in counts per minute. Since it

is more complex to operate and has not been used extensively, the "Rascal"
has yet to prove its usefulness in the program, but it hac the potential
to detect selected garma energy emissions from specific radionuclides.

Alpha surveys were conducted using an Eberline Model PAC-1SAGA alpha
survey meter with a Model AC-3 detector. This instrument displays
meter readings of 0-2,000 CPM to 0-2,000,000 CPM with 4 scale settings.

A1l beta and gamma survey meters are calibrated at the beginning of

each calendar quarter, and the more stable alpha survey meters are
calibrated at the beginning of each calerdar year Ly Division physicists.
Exposure readings and linearity of the gamma meters are checked and
adjusted us.ng cesium-137 and cobalt-60 standards. The alpha meter

2: calibrated using standardized plutonium alpha sources.

Personnel and area exposure studies were made using Harshaw Chemical
Company TLD-100 LiF Thermoluminescent Dosimeters (TLD's) mounted on
aluminum cards. They are read using a Harshaw Model 2000-B Integrat-
ing Picoammeter and a Model 2009-C Thermoluminescence Detector. In
order to minimize errors due to individual TLD chip variations, a
calibration jig was built for use with the Division cesium-137 source.
and each chip was individually calibrated and assigned an appropriate
calibration factor.

C. Tlypes of Shipments

Most RAM transported in the State is used for medical purposes,
either diagnostic or therapeutic. Some typical materials carried
are molybdenum-99/technetium-99m, iodine-131, 1odine-125, iodine-123,
indium-111, gallium-67, xenon-133, selenium-75, cobalt-57, cobalt-60,
and chromium-51. Nearly all of these shipments are inbound to hos-
pitals in the lower peninsula. Due to time restrictions associated
with short nalf-1ife radionuclides, medical radiopharmaceuticals

are flown into Detroit Metropolitan Airport aboard passenger and
freight aircraft. From the Detroit area, medical radionuclides are
transported by two courier companies throughout the lower peninsula.
Smaller amounts of medical isotopes are used in the upper peninsula
and are delivered by courier company diivers who enter the state from
Wisconsin.

Nuclear power plant ship ents are the next largest contributors to

RAM traffic in Michigan. Spent ion exchang= resin, used filters,
contaminated trash and machine parts, and solidified evaporator
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concentrates are shipped from the three nuclear power plants operat-
ing along the eastern shore of Lake Michigan in the lower peninsula.

Uranium ore concentrates ("yellowcake") constitute a large volume

source of *he RPAM transported in the State. The ore is mined and

procesced into yellowcake in Ontario, Canada, then trucked through
Michican to a plant at Metropolis, I11inois, where it is processed
into nuclear reacior fuel.

Other minor components with less probable health risk and of less
public interest make up the remainder of current RAM transportation.
Such carriers as industrial radiographers, physicians, and univer-
sities are being investigated on a lower priority basis. One of
the State universities makes annual shipments of spent fuel from a
small research reactor. Investigation of the next such shipment,
unlike most other university activities, has been given a high
priority.

II. AIRLINES AND ATR FREIGHT

A. Detroit Metropolitan Airport

Since the majority of RAM transported in Michigan is medical radio-
nuclides, and since Detroit has the highest Michigan population
concentration, most suppliers fly radiopharmaceuticals into Detroit
Metropolitan Airport. It is more economical to deliver large air
shipments to the Detroit area for subsequent surface transportation

to specific users than to make many small shipments direct to indiv-
idual users and cities in the rest of the lower peninsula. Pickup

of radiopharmaceuticals at the airport from passenger and chartered
freight aircraft is performed by Purolator Courier Corporatieon drivers
who also deliver most of the surface transported RAM.

Passenger airlines that carry RAM on regularly scheduled flights

are American, Northwest Orient, United, and Republic. In addition,

a particular shipper, New England Nuclear, has chartered exclusive
use flights by Baltimore Airway and Golden Eagle f.. ation/Sajen Air.
Some industrial and research materials are shipped as air freight on
cargo-only aircraft by "ederal Express and, less frequently, by

Emery Air Freight. Nearly all package and overpack surveys were per-
formed in the Detroit area. Of the Detroit area packages, most were
surveye? at Detroit Metropolitan Airport as they arrived at freight
terminals.

Tables 6 and 7 summarize the pacage and overpack surveys. An over-
pack is a large package, usially 2 nylon net bag or a large cardboard
box, that contains several separute Type A packages. Containers are
often 0.1 or 0.2 below the T.1. listed on the label when monitored.
Frequer, .y, this can be attributed to the decay of short half-life
radionuclides whi'e in transit. Of the packages and overpacks moni-
tored, forty-four (41%) were more than 0.3 higher or lower than the
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T.1. listed on the label. Twenty-eight (26%) were ower than the
listed T.I., while sixteen (15%) were higher. Particularly when the
T.1. is higher than that (isted, these instances would indicate in-
strument or technique prcblems on the part of the shipper. Since
most shipments do not originate in Michigan, neither the shipper's
instruments nor techniques could be checked.

Table 8 lists problems encountered while surveying packages and over-
packs. Individual cases are discussed further in this report under
the name of the associated carrier.

Both reqularly scheduled passenger flights and cargo-only flights
carry RAM. Only medical and research materials are carried aboard
passenger aircraft as specified in the re-ulations, and minimum
separation distances between the RAM and the passenger area are
prescribed. Although aircraft are allowed by regulations to carry
up to fifty (50) total T.I. of most radionuclides, an industry im-
posed maximum of ten to*al T.I. per “light is applied to reqularly
scheduled passenger flights. A DOT exemption may be granted, allow-
ing a freight airline to carry more than fifty (50) 7.1. per flight,
if the airline establishes a radiation protection program, including
personnel monitoring, to minimize employees' radiation exposure.

See Appendix C.

1. American Airlines

While a decrease in general freight shipments has caused the transfer
or layoff of employees from the freight terminal, nuclear medicine
traffic has increased. Shipments previcusly carried by other airlines
are now carried by American Airlines. Mediphysics shipments carried
by Northwest Orient Airlines and Mallinckrodt shipments carried by
Trans World Airlines (TWA) have gone to American. The second of
these changes was prompted by cancellation of the late evening TWA
flight from St. Louis, MO that carried the shipment.

Shipments from Mediphysics and Mallinckrodt are very different in
character. Mediphysics shipments are YELLOW II overpacks that con-
tain mostly iodine-123 and some indium-111 and xenon-133. Generally
these packages are at or slightly helow the labeled T.l1. Low read-
ings are due to the short half-life (13 hours) of iodine-123.
Mallinckrodt packages by contrast are YELLOW IIs and YELLOW IIls
mostly containing iodine-131. Frequently, these packages are far

in excess of the labeled T.I., sometimes even being twice the
labeled T.I. Currently no other agency has confirmed these obser-
vations. Two attempts were made, one by NRC and one by Ffederal
Aviation Administration (FAA) personnel last year. The FAA investi-
gation was thwarted by defective instrumentation as noted on page 19.
No report was received on NRC findings. Although not a serious
radiation hazard, the problem is sufficiently chronic to warrant
further investigation. A lack of proper shipper surveys may be the cause.

Freight handling at the terminal is mechanized. utilizing hand carts
and fork 1ifts, both of which increase the separation distances. An
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was explained to him, and he left with the sources in the still un-
placardecd truck. Later that night he returned to tre terminal with
two decayed sources to ship back to the supplier. They were both
mislabeled with the T.I. exceeding 1.0 on each of the YELLOW II
labels. The actual T.I.s were 0.2 and 0.3 as measured by the trans-
portation physicist. General ignorance of shipping regulations and
other matters, combined with a malfunctioning meter, made the errors
possible. While radiographers are still a relatively low priority
group in the program, a need to increase surveillance of this group
is apparent, based on the exceptionally poor performence and attitude
of this individual. A mobile crew from this company was investigated
during a follew-up investigation and found to be similarly deficient,
as discussed under Industrial Radiographers.

A discussion with a Federal Express employee regarding TLD badge
readings revealed a TLD handling problem. A badge was assigned

to a worker on extended sick leave in anticipation of his return.
When the unworn badge was read and found to be greater than 100

mR above background, an inquiry was made. It was discovered that
some badges were being stored in a file cabinet under the freight
rollers near the RAM storage area. Besides the sick worker's badae,
Handler/Driver 1's badge was stored in the same location when not
being worn. Upon discovery of the problem, a new location was found
for badge storage.

Minor elevations in the radiation levels at area monitor stations
are noted in Table 3. Although consideration of the file cabinet
storage of TLDs casts doubt on the validity of the Handler/Driver 1
dose measurements, even the projected dose is less than one tenth
of the permitted 50" mrem/year. All other personnel monitors in-
dicate even less radiation exposure.

A particular survey of the terminal was performed with a R meter,
and several packages were found that were clearly radioactive, but
at very low levels undetectable with ion chamber or Geiger-Mueller
instruments. It is suggested that some shippers may be neglecting
to label "limited quartity" packages. Surveys are now performed
with the R meter when not prohibited by the presence of larger RAM
packages. Contact with recipients of auestionable packages is
planned to determine the contents,

4. Northwest Orient Airlines

Since losing the Mediphysics shipments to American Airlines, only
small shipments made by Skycab, a freight forwarder, are received
at the Northwest Orient freight terminal. ... 'se are often only
"limited quantity" packages. Squibb is the manufacturer of the
materials. See Appendix D, fiqure 1 for a photograph of a typical
shipment.

One common problem with the packages is improper shipping papers.
Standard air freight forms are used with no shipper certification,
and some entries required ny 49 CFR 5 172.203(d) are omitted.

-8-






Changes in the company flying the weekday runs were mace this contract
year, emphasizing the highly competitive rature of the air freight
busines.. Baltimore Airways, the company that made all of the week-
day flights during the last contract year, went out of business early
in September. Golden Eagle Aviation was then hired. During the
second quarter thc airline was renamed Sajen Air.

Pursuant to the DOT exemption, loads in excess of 50 T.I. frequently
are carried aboard the weekday flights, creating higher radiation
levels in the cockpit as shown in Table 10. The accumulated whole
body doses of the pilots must be monitored to comply with te ex-
em~tion. Formerly, TLD dosimeters were provided and read by NEN.
Sajen has now begun using commercially supplied film badges. Al-
though not required by the exemption, survey instruments have been
ordered for use by the pilots. These could assist the pilots in
reducing absorbed dose.

Exposure to ground crew during refueling onerations was estimated

by time/motion studies. The usual refueling oper>*ion requires less
than ten minutes, and the radiation field at the wing fill caps is
normally below 3 mR/hr. According to these figures the refueler
receives less than 0.15 mrem per refueling operation. While this

is a negligible dose, there is a conflict with Michigan Ionizing
Radiation Rules and exemption DOT-E 7060 that both require the
general populace to be excluded from areas exceeding 2 mrem/hr.

The possibility of having the pilots refuel the aircraft to prevent
such exposure is under consideration.

B. Willow Run Airport

1. Zantop International Airlines

Zantop at Willow Run Airport, Ypsilanti has taken over the air trans-
port of the bromine-82 labeled motor 0il previously carried by Emery
Air Freight. Contact with the dock workers has indicated that there
may also be one inbound medical shipment each week.

Examination of the bromine-82 packages has revealed occasional lack
of compliance with 49 CFR. While the packages are most frequertly
labeled T.I. 9 or T.I. 10, the actual meter readings indicate that
the T.I. 1s 5 to 7 at the time of arrival at the shippino dock.
About 22 hours between the original T.I. measurement and arrival
at the dock would account for the discrepancy, but the actual time
is only about 4 hours. Some packages were found with the DOT "7A
type A" and other markings obscured by labels and shipping pepers.
One packege was also found that exceeded the 200 mrem/hr surface
limit by 20 mrem/hr. See Appendix D, figures 2 and 3 for photo-
graphs of a typical shipment.

2. First Flight Freight Service

Acting as an agent of Five Star Freight, St. Louis, Missouri, First
Flight Freight Service has picked up the bromine-82 labeled motor



0il shipments and delivered them to the 7antup dock. Trucks carrying
two packages were examined on two occasions upon arrival at the dock.
One *otal load was 2 T.1., and the other was 12 T.I. The regulatory
limit per vehicle is 50 T.I. In both cases the packages were placed

in the riyht front corner of the truc«< bed at an insufficient sepa-
ration distance from the driver. On the first occasion, a demonstra-
tion was performed showing the effect of increased separation distance.
The meter readings in the driver's seat before and after moving the
RAM to :he rear of the truck were compared. Before moving the RaM

the radiation readiug in the driver's seat was 6.9 mR/hr. After moving
the packages to the rear, it dropped to 0.2 mR/hr. Rapetition of the
incorrect loading procedure was followed by a reiteration of the
pravious explanation. Any future observations of this behavior by
this driver will be cause for a warning directly to the company office.

11I. Courier Companies

In the lower peninsula two ccmpanies, Purolator Courier Corporation
and Casperson, Inc., provide a majority of the surface transportation.
A nuclear pharmacy, Pharmatopes, Inc., includes courier delivery
asfpart of the service provided by its Oak Park and Crand Rapids
offices.

Upper peninsula deliveries are performed by another group of
Casperson, Inc. drivers. Purolater Courier could also be serving
the upper peninsula from terminals in Wisconsin anc Minnesota, but
a lack of cooperation by that company continues to block further
study.

A. Purolator Courier Corporation (Formerly Pseudonymed as DBM)

Essentiaily all medical RAM that arrives at Detroit Metropolitan
Airport (Metro) is picked up by Purolator Courier drivers and de-
livered to the Oak Park terminal. There it is sorted and routed
throughout the lower peninsula. Packages of short half-1ife radio-
nuclides are efficiently relayed to recipients through a system of
smaller terminals.

Purolator compliance with DOT reguiations has been lax, and cooper-
ation with the surveillance program has been marginal. In January,
1980 all cooperation was formelly terminated by the regional manager.
Most of the TLD badges were recovered and read at that time. How-
ever, because of the uncooperative management attitude, some badces
wers irretrievable. Since then, surveys of vans at Metro have been
performed only because individual drivers are accustomed to coop-
erating. Data from these encounters are included in Table 9. Many
of the shipments listed approach or exceed the 50 T.I. per vehicle
limit. This and the disregard for separation distances create
excessive radiation levels in the drivers' seats.
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Spent fuel shipment from the University of Michigan research reactor
is to be investigated in the coming year. Examination of this small
shipment would be in preparation for future larger power plant fuel
shipments.

Provided that the program is continued in future years, coverage of
mobile radiographers, well loggers, and other transporters of RAM may
be increased. Very little is knowr about the transportation opera-
tions of these groups.

The surveillance program is valuable. Reduction of radiation exposure
has been realized for transportation employees, but further dose
reduction is needed.

Additional planning for responses to transportation accidents is
required. While trained personnel are availabie to respond to in-
cidents and have done so in the past, refinement of response capa-
bility will be a future contract related function.
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TABLE 2

DIRECT RADIATION DOSE MEASUREMENTS
USTNG LiF THERMOLUMINESCENT DOSIMETERS

at American Airlines

Jetroit Metropolitan »‘rport

Net Exposure (mR)

First Second  Third Fourth Projected

Station & Location Quarter Quarter Quarter Quarter Annual
Area Monitors
Over RAM Cart #] 12 186 53 3] 282
82 13 180 55 30 278
Area Monitors
Near Men's Room #3 31 21 16 12 80
=4 32 21 17 1 81
Supervisor 1 3 2 2 N.R. g
Supervisor 2 0 - - - 0
Handler 1 N.R. 0 1 3 5
Handler 2 1 - 7 1 23
Handler 3 19 0 2 N.R. 28
Handler 4 N.R. 0 1 0 1
Handler 5 1 - employee transferred - 1
N.7 - Badge not returned
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TABLE 3

DIRECT RADIATION DOSE MEASUREMENTS
USING LiF THERMOLUMINESCENT DOSIMETERS

at Federal Express, Romulus

Net tExposure (mR)

First Second Tnird Fourth F.ajected
Station & Location Quarter Quarter Quarter Quarter Annual
Area Monitors
Beside Phone #1 10 24 6 16 56
#2 8 21 6 14 49
Area Monitors
Under Freight Rollers
43 18 23 8 10 59
#4 18 22 7 9 56
Area Monitors
On Wall #5 4 1 2 ] 8
#6 3 2 0 1 6
Area Monitors
In Var. Cne #7 3 6 7 2 18
#8 2 5 5 2 14
Handler/Driver 1 0 29 N.R. 0 39
Handler/Driver 2 2 - transferred - 2
Hanaler/Driver 3 3 2 4 7 11
Handler/Driver 4 3 - transferred - 3
Handler/Driver 5 3 - transferred - 3
Handler/Driver 6 - - 5 0 10

N.R. - Badge not returned
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UIPECT RADIATION DOSE MEASUREMENTS
USING LiF THERMOLUMINESCENT DOSIMETERS

£t Purolator Courier Corporation, Oak Park

TABLE 4

Net Exposure (mR)

First Second Proiected
Station & rLocation Quarter Quarter Annual
Area Monitors
Under Sorting Table
#] 544 325 1738
#2 573 308 1762
Area Monitors
Under Dispatch Window N
#3 156 113 538
#4 156 116 544
Area Monitors
On Office Wall #5 14 13 55
#6 14 15 58
Vehicle Monitors
In Lansing Van #] 61 167 456
#2 65 150 430
Vehicle Monitors
In Airport Van #3 N.R. - -
#4 N.R. - -
Vehicle Monitors
In Grand Rapids Truck
#5 - 97 388
#6 - 103 412
Oriver 1 107 122 458
Driver 2 25 25 100
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DIRECT RADIATION DOSE MEASUREMENTS

TABLE 4 cont.

USING LiF THERMOLUMINESCENT DOSIMETERS

At Purolator Courier Corporation, Oak Park

Net E

xposure (mR)

First Second Third Fourth Projected
Station & Location Quarter Quarter Quarter Quarter Annual
Driver 3 nh g - . 164
Driver 4 47 63 - - 220
Cispatcher 1 1 5 - - 32
Dispatcher 2 N.R. 19 - - 76

N.R. - Badge not returned

(1) Badge not received or worn
to project annual exposure

by employee.

-26-
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TABLE 5

DIRECT RADIATION DOSE MEASUREMENTS
JSING LiF THERMOLUMINESCENT DOSIMETERS

at Casperson, Inc.

Net Exposure (mR)

First Second  Third Fourth Projected
Personnel Quarter Quarter  Quarter Quarter Annual
Driver 1 245 320 983 420 1968
Driver 2 787 796 752 265 2600
Driver 3 0 0 - resigned - 0
Driver 4 0 0 - resigned - 0
sriver 5 242 280 206 508 1236
Driver 6 0 1 - resigned - 1
Driver 8 - - ~68 6 548
Driver 9 - 10 32 35 102
Driver 10 - 270 - resigned - 540
Driver 11 - 106 45 0 201
Driver 12 - - 164 3 390
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TABLE 6
PACKAGE SURVEYS

Exposure Rate (mR/hr)

v3bel T.1. at Surface at 3 ft.
Quarter  Number Minimum 'FVerqgg Max imum Minimum ~Average Maximum Minimum Average Maxiium
First c - - - - - - - - -
Second 1 - - - 0.6 0.6 0.6 0.0 0.0 0.0
Third 0 - - - - - - - - -
Fourth 0 - - - - - - - -
First 3 0.1 0.2 0.3 4.0 6.6 9.8 0.0 0.2 0.3
Second 49 0.1 0.2 0.4 0.3 2.3 3.0 0.0 0.1 0.2
Third 0 - - - - - - - - -
Fourth 3 r.1 0.3 0.7 0.5 7.4 19.5 0.1 0.2 0.5
First 2 2.3 2.1 2.5 40.0 48.0 56.0 1.0 1.4 1.7
Second 5 0.1 0.9 2.0 4.8 62.4 145. 0.2 1.6 3.4
Third 7 0.7 7.4 10.0 74.0 123. 220. 2.2 5.4 6.9
Fourth K 2.0 7.0 10.0 26.0 115. 230. 0.6 4.5 7.5
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TABLE 7
OVERPACK SURVEYS

Expcsure Rate (mR/hr)

Label T.1. at Surface at ? ft.

Quarter  Number Minimum Average Maximum Minimum ~Average Maximum Minimum Average Maximum
First 2 - - - 0.0 0.0 0.0 0.0 0.0 0.0
Second 1 - - - 0.1 0.1 0.1 0.1 0.1 0.1
Third 1 - - - 0.0 0.0 0.0 0.0 0.0 0.0
Fourth 0 - - - - - - - - -
First 8 0.1 0.4 0.8 0.9 5.4 14.0 0.1 0.3 u.6
Second 13 0.2 0.3 0.6 0.4 5.7 42.0 0.0 0.2 0.9
Third 16 0.2 0.4 0.7 1.0 2.9 6.5 0.1 0.2 0.4
Fourth 13 0.1 0.4 0.8 0.2 5 17.0 0.1 0.2 0.7
First 3 0.5 0.8 1.0 5.9 22.2 52.0 0.2 0.8 0.3
Second 7 0.7 1.3 3.0 1.5 49.4 84.0 0.4 1.8 2.7
Third 1 1.0 1.0 1.0 60.0 60.0 65.0 2.5 2:5 2.5
Fourth 3 0.9 1.0 1.0 34.0 57.0 74.0 1.0 1.7 2.4



TABLE 8

IMPROPER PACKAGING

Problem Type

Faulty closure

Improper or missing shipping documents
Packages less than 4" minimum dimension
White I > 0.5 mR/hr @ surface

White I > 0.0 mR/hr @ 3 ft.

Yellow II > 50 mR/hr @ surface

Yellow II > 1.0 mR/hr @ 3 ft.

Yellow III > 200 mR/hr @ surfuce
Yellow III > 10 mR/hr @ 3 ft.

Label obscured

DOT 7A Type A approval obscured

T.I. not listed

Liquid shipment without "up" designation

> Greater than

Occurrences

vl o o w i

o N O O






Date

1/21/80

Date

5/5/80
7/2/80

Date

8/8/80

TABLE 9 cont.
VEHICLE SURVEYS

Cleveland X-Ray Inspection, Inc.

Exposure Rate (mR/hr)
In Cab at Surface

0.0 1.0

First Flight Freight Service

Exposure Rate (mR/hr)

T.1. Carried In _Cab
20.0 6.9
19.0 6.4

Pharmotopes, Inc.

Exposure Rate (mR/hr)
T.1. Carried In Cab

2.0 ).6
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TABLE 10

Airplane Surveys

Baltimore Airways

Exposure Rate (mR/hr)

Nate T.1. Carried In Cockpit
9/10/79 >43.4 9.0

Golden Eagle Aviation/Sajen Air

Exposure Rate (mR/hr)

Date T.I. Carried In Cockpit
11/7/79 % 0.1
10/30/79 - n.2
12/5/79 - 0.9
12/10/79 67.8 ..8
3/18/80 38.3 22.
£/29/80 48.0 15.
5/6/80 51.8 24,
7/22/80 >48.8 15.
8/4/80 25.3 1.8
8/8/80 >64.6 7.4

> Greater than
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TABLE 11

REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Company

Bridgman, Michigan

Date Description Activity Exposure Rate at
Time of Shipment (curies) 6 ft (mR/hr) Destination
9/5/79
5:00 A.M. New Fuel 9.9 1.65 Cook Plants
9/8/79
9:20 P.M. Low Level Waste 0.1590 2 Ba_nwell, SC
$/12/79 Solidified Waste/
11:00 A.M, Evaporator 0.18643 2 Barnwell, SC
12:30 P.M. Concentrates 0.52267 3 Barnwell. SC
©/18/79
8:55 A.M, New Fuel 9.9 1.5 Cook Plants
11/3/79 Solidified Waste/
6:25 P.M. Evaporator

Concentrates 0.55193 3.5 Barnwell, SC
11/3/79 Solidified Waste/
4:35 P.M. Evaporator

Concentrates 0.470 4 Barnwell, SC
11/12/79 Solidified Waste/
5:30 P.M. Evaporator

Concentrates 0.404 6 Barnwell, SC
11/13/79 Solidified Waste/
4:30 P.M. Evaporator

Corzentrates 0.25 3 Barnwell, .C
11/21/79 Solidified Waste/
5:20 P.M. Evaporator

Concentrates 0.407 2.9 Barnwell, SC
11/26/79 Solidified Waste/
5:45 P.M, Evaporator

Concentrates 0.440 2.7 Barrwell, SC
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TPRLE 11 cont.

REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Company

Bridgman, Michigan

Date Description Activit Exposure Rate at

Time of Shipment (curies 6 ft (mR/hr) Destination
12/1/79 Solidified Waste/

5:00 P.M. Evaporato~ Concentrates 0.329 2.4 Barnwell, SC
12/5/79 Spent Filter Cartridges

6:20 P.M. Dry Compressed Waste 1.4] 6.0 Barnwell, SC
12/5/79 Solidified Waste/

7:25 P.M. Evaporator Concentrates 0.62 3.5 Barnwell, SC
12/11/79

4:50 F.M. Dewatered Resin 96.7 5.0 Barnwell, SC
12/13/79

12:10 A.M. Spent Filter Cartridges 0.24 1.3 Barnwell, SC
12/15/79 Dry Compressibles &

1:15 P.M. Conduit Pieces 4.5 0.23 Barnwell, SC
12/15/79 Solidified Waste/

2:45 P.M, Evaporator Bottoms 0.32 1.3 Barnwell, SC
12/18/179 Solidified Waste/

11:50 AM. Evaporator Concentrates 0.377 1.8 Barnwell, SC
12/26/79

5:45 P.M. Dewatered Resin 160.64 5.0 Geneva, IL
12/27/79 Spent Filter Cartridge &

2:30 P.M, Dry Solid Waste 1.73 8.0 Geneva, IL
1/7/80

2:55 P.M, Dewatered Resin 9.8 0.2 Barnwell, SC
1/11/80 Dry Compressed Waste

7:15 P.M. & Dry Solids 1.6 3.5 Beatty, NV
1/14/80 Solidified Waste/

2:50 P.M. Evaporator Concentrates 0.149 2.5 Barnwell, SC
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TABLE 11 cont.

REPORTED RADIOACTIVE MATERIAL SH.PMENTS

to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Company

Bridgman, Michigan

Date Jdescription Activity Exposure Rate at

Time of Shipment (curies) 6 ft (mR/hr} Destination
1/15/80 Solidified Waste/

11:25 AM. Evaporator Concentrates 0.15 3.4 Barnwell, SC
1/25/80

6:00 A.M. Contaminated Tools 0.7 0.2 San Antonio, TX
2/5/80

7:00 A.M. Sodium-24 1.5 - Cook Plants
9:30 A.M, Sodium-24 1.984 2.0 Cook Plants
2/8/80

7:00 P.M, Dewatered Resin 31.1125 4 Barnwell, SC
2/11/80 Spent Fuel

2:15 P.M. Pit Racks 6.859 2.5 Beatty, NV
2/12/80 Spent Fuel

4:45 P.M. Pit Racks 18.020 1.0 Bea.ty, NV
2/13/80 Spent Fuel Racks

4:45 P.M. Dry Solid Waste 1.1805 1.0 Beatty, NV
2/14/80

7:20 A.M. Sodium-24 G.507 0.6 Cook Plants
2/14/80 Spent Fuel

12:05 P.M. Pit Racks 5.326 1.4 Beatty, NV
2/17/80

4.00 P.M, Solid Waste 0.0954 1.8 Beatty, NV
2/20/80

5:32 P.M, Sodium-24 0.719 - Cook Plants
2/21/80

1:05 P.M. Dry Waste 1.15 4.0 Geneva, IL
2/23/80

6:22 A.M. Sodium-24 0.554 1.4 Cook Plants
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TABLE 11 cont.
REPORTED RADIOQACTIVE MATERIAL SHIPMENTS
to and from

Donald C. cook Nuclear Power Plants

Indiana & Michigan Electric Company
Bridgman, Michigan

Date Description Activity Exposure Rate at
Time of Shipment (curies) 6 ft (mR/hr) Destination
2/24/80
6:15 AM, Sodium-24 0.921 2.5 Cook Plants
2/25/80 Spent Fuel
10:20 P.M. Pit Racks 0.39 1.0 Beatty, NV
2/25/80 Spent Fuel
1:30 P.M. Pit ..acks 0.588 0.3 Beatty, NV
2/26/80
10:05 A.M, Spent Fuel

Pit Racks 0.745 0.045 Beatty, NV
11:45 P.M. 0.353 0.7 Beatty, NV
2/27/80 Spent Fuel
9:50 A.M. Pit Racks 1.176 0.7 Beatty, NV
2/29/80
2:30 P.M, Spent Fuel

Pit Racks 0.666 1.5 Beatty, NV
7:00 P.M, 2.9501 2.0 Beatty, NV
3/5/80 Solidified Waste/
1:00 P.M, Evaporator Concentrates 0.13267 5.0 Barnwell, SC
3/12/80 Dewatered Resin &
2:15 P.M, Spent Filter Cartridges 4.494 9.0 Barnwell, SC
3/14/80
11:35 A.M. Dry Solid Trash 0.175 5.0 Beatty, NV
3/18/80 Solidified Weste/
5:50 P.M, Evaporator Concentrates 0.257 3.5 Barnwell, SC
3/19/80 Solidified Waste/
5:15 P.M, Evaporator Concentrates 0.216 3.5 Barnwell, SC
3/24/80
8:35 P.M. Dewatered Resin 114.3 8.0 Barnwell, SC

.



TABLE 11 cont.

REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Cowpany

Bridgman, Michigan

Date Description Activity Exposure Rate at

Time of Shipment (curies) 6 ft (mR/hr) Destination
3/25/80 Spent Filter

2:40 P.M, Cartridges 28.5 1.5 Barnwell, SC
3/28/80 Spent Filter

5:30 P.M. Cartridges 8.0 0.8 Barnwell, SC
4/3/80

7:15 P.M. Dewatered Resin s 8.0 Barnwell, SC
4/4/80 Solidified Waste/

12:00 P.M, Evaporator Concentrates 0.162 1.8 Barnwell, SC
4/9/80 Californium-252

12:13 PN Calibration Unit 0.0056 0.2 Chicago, IL
4/17/80

11:35 A.M, Dry Solid Waste 0.0141 2.6 Seneca, IL
4/22/80 Solidified Waste/

6:40 P.M, Fvaporator Concentrates 0.112 3.5 Barnwell, SC
4/23/80 Solidified Waste/

8:00 P.M, Evaporator Concentrates 0.156 1.0 Barnwell, SC
4/24/80 Solidified Waste/

10:45 P.M. Evaporator Concentrates 2.88 3.5 Barnwell, <C
4/25/80 Solidified Waste/

6:54 P.M, Evaporator Concentrates 0.215 3.9 Barnwell, SC
5/6/80 Solidified Waste/

11:30 AM. Evaporator Concentrates 0.109 1.0 Barnwell, SC
5/8/80 Solidified Wasta/

11:45 AM. Evaporator Concentrates 0.101 1.0 Barnwell, SC
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TABLE 11 cont.

REPORTED RADIOACTIVE MATERIAL SHIPMENTS
to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Slectric Company

Bridgman, Michigan

Date Description Activit Exposure Ratc at

Time of Shipment (curies 6 ft (mR/hr) Destination
5/15/80 Solidified Waste/

12:50 P.M, Evaporator Concentrates 0.149 0.8 Barnwell, SC
5/16/80 Solidified Waste/

11:20 AM. Evaporator Concentrates 0.797 Barnwell, SC
5/19/80

7:15 P.M, Dewatered Resin 116.065 Barnwell, SC
5/23/80 Solidified Waste/

11:15 AM. Evaporator Concentrates 0.117 Richland, WA
5/23/80 Solidified Waste/

4:30 P.M. Evaporator Concentrates 0.139 Richland, WA
5/27/80

3:45 P.M, Dewatered Resin 60.6952 3.5 Barnwell, SC
5/30/80

1:05 P.M, Dry Solid Trash 0.128 2.0 Bea.cy, NV
6/2/80

3:15 P.M, Dewatered Resin 86.9 4.0 Barnwell, SC
6/4/80 Solidified Waste/

11:40 A.M. Evaporator Concentrates 0.152 1.4 Barnwell, SC
6/9/80 Spent Fuel Pit

2:50 P.M. Rack & Trash 0.985 0.2 Beatty, NV
6/12/80 Solidified Waste/

12:05 P.M. Evaporator Concentrates 0.146 1.5 Barnwell, SC
6/17/80 Solidified Waste/

1:35 P.M, Evaporator Concentrates 0.078 1.5 Barnwell, SC
7/3/80

2:55 P.M. Solidified Waste/ 0.13/ 2.0 Seneca, IL
2:55 P.M, Evaporator Concentrates 0.126 1.5 Seneca, IL
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TABLE 11 cont.

REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Company

Bridgman, Michigan

Date Description Activity Exposure Rate at

Tine of Shipment {curies) 6 ft (mR/hr) Destination
7/8/80 Solidified Waste/

11:30 A.M. Evaporator Concentrates 0.14] 2.0 Barnwell, SC
7/9/80 Solidified Waste/

12:55 P.M. Evaporator Concentrates 0.158 3.0 Barnwell, SC
7/9/80

3:45 P.M. contaminated 0.0002 less than 0.2 Madison, PA
5:05 P.M. Equipment 0.0096 1.5 Madison, PA
7/11/80 Solidified Waste/

12:45 P.M. Evaporator Concentrates 0.175 1.7 Barnwell, SC
7/15/80 Solidified Waste/

12:55 P.M, Evaporator Concentrates 0.217 6.0 Barnwell, SC
5:15 P.M, Refueling Equipment 0.0029 1.c Madison, PA
7/16/80 Solidified Waste/

6:00 P.M. Evaporator Concentrates 0.188 0.8 Barnwell, SC
7/17/80 Solidified Waste/

1:50 P.M. Evaporator Concentrates 0.216 3.0 Barnwell, SC
7/18/80 Solidified Waste/

1:00 P.M. Evaporator Concentrates 0.109 1.2 Barnwell, SC
5:15 P.M. Dry Solid Trash 0.089 L Barnwell, SC
8/1/80 Solidified Waste/

10:15 A.M. Evaporator Concentrates 0.165 1.2 Barnwell, SC
8/5/80 Solidified Waste/

12:55 P.M. Evaporator Concentrates 0.111 1.5 Barnwell, SC
8/7/80 Solidified Waste/

12:45 P .M. Evaporator Concentrates 0.092 1.9 Barnwell, SC
8/12/80 Solidified Waste/

11:10 AM. Evaporator Concentrates 0.15] 2.0 Barnwell, SC
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TABLE 11 cont.
REPORTED RADIOACTIVE MATERIAL SHIPMENTS

ty and from

Donald C. Cook Nuclear Power Plants

Indiana & Michigan Electric Company

Bridgman, Michigan

-4]-

Date Description Activit Exposure Rate at

Time of Shipment (curies{ 6 ft (mR/hr) Destination
8/15/80 Activated Charcoel

11:00 A.M. Filters & Trash 0.0123 0.7 Barnwell, SC
8/19/80 Solidified Waste/

11:45 A.M, Evaporator Concentrates 0.9 0.8 Barnwell, SC
8/21/80 Solidified Waste/

9:70 AM. Evaporator Concentrates 0.183 2.0 Barnwell, SC
8/27/80 Solidified Waste/

12:00 P.M. Evaporator Concentratr: 0.346 0.6 Barnwell, SC



TABLE 12

REPORTED RADICACTIVE MATERIAL SHIPMENTS
to and from

Palisades Nuclear Power Plant

Consumers Power Company

South Haven, Michigan

Date Description Activit Exposure Rate at

Time of Shipment (curies 6 ft (mR/hr) Destination
9/6/79

11:30 A.M, Dewatered Resin 53 7 Barnwell, SC
9/26/79

1:30 P.M. 01d Spent Fuel Rack 0.0553 9 Richland, WA
10/1/79

3:30 P.M. Compacted Trash 1.6 10 Richland, WA
10/12/79 Compacted Trash

10:15 A.M. Contaminated Material 1.06 4 Barnwell, SC
10/10/79

12:45 P.M. Compacted Trash 0.996 3 Barrwell, SC
10/19/79 Contaminated

4:00 P.M, Material 0.576 7 Barnwell, SC
10/22/79

12:00 P.M. Dewatered Resin 4.2 4 Barnwell, SC
11/2/79

1:00 P.M, Compacted Trash 3.06 9 Barnwell, SC
11/6/79 Stud-Cleaning

2:00 P.M. Machine <0.001 <] Windsor, CT
11/20/79 Contaminated

10:30 A.M. Material 0.306 1.5 Barnwell, SC
11/21/79

12:15 P.M, Compacted Trash 2.65 5 Barnwell, SC
11/29/79

12:15 P.M. Incore Detectors 271 3.5 Barnwell, SC
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TABLE 12 cont.
REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Palisades Nuclear Power Plant

Consumers Power Company

South Haven, Michigan

Date Description Activit Exposure Rate at

Time of Shipment (curies 6 ft (mR/nr) Destination
1/22/80

11:00 AM. Compacted Trash 1.485 2.0 %ichland, WA
1/31/80

12:15 P.M, Dewatered Resin 1.64 0.4 Garnwell, SC
2/14/80

12:30 P.M, Crmpacted Trash .34 1.0 Richland, WA
3/5/80 Contaminated

10:15 A.M. Equipment 0.418 1.1 Richland, WA
3/10/80

5:00 P.M. Compacted Trash 1.04 0.3 Richland, WA
3/12/8C Contaminated

9:15 A.M, Material 0.835 4.0 Richiund, WA
4/1/80 Compacted &

10:15 A.M. Noncompacted Trash 0.92 4.0 Richland, WA
4/9/80 Lontaminated

1:00 P.M. Material 0.613 2.0 Richland, WA
4/15/80 Decontaminated

2:30 P.M. Equipment 0.025 5.0 South Port, SC
4/24/80

11:30 A.M, Compacted Trash 1.35 3.0 Richland, WA
5/2/80 Contaminated Trash

11:15 A.M. & Equipment 0.296 0.6 Richland, WA
5/7/80

4:00 P.M. Dewatered Resin 16.6 3.0 Barnwell, SC
5/20/80 Compacted Trash & Con-

10:00 A.M. taminated Material 0.36 0.7 Richland, WA
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TABLE 12 cont.
REPORTED RADIOACTIVE MATERIAL SHIPMENTS

to and from

Palisades Nuclear Power Plant

Consumers Power Company

South Haven, Michigan

Date Description Activit Exposure Rate at
Time of Shipment (curies 6 ft (mR/hr) Destination
6/10/80
10:00 A.M, Compacted Trash 0.828 4.0 Richland, WA
6/16/09 Contaminated Equipment
3:45 P.M. & Noncompressible Trash 0.085 0.6 Richland, WA
7/11/80
11:49 A.M. Compacted Trash 0.67 4.0 Richland, WA
7/25/80 Contaminated Trash &
3:30 P.M, Solidified Concentrates 0.378 1.5 Richland, WA
7/30/80 Compacted Trash
5:15 P.M. Solidified Concentrates

Metal Debris

Spent Resin 0.961 0.7 Richland, WA
8/8/80
5:45 P.M. Micc. Radwaste 0.825 5.0 Richland, WA
8/14/80
5:00 P.M. Contaminated Fiiters 28.6 4.0 Bernwell, SC
8/26/80
2:00 P.M, Solidified Concentrates 0.682 4.0 Richlard, WA
< Less than
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TABLE 13
REPORTED RADIOACTIVE MATERIAL SH!PMENTS
to and from

Big Rock Point Nuclear Power Plant

Consumers Power Company

Charlevoix, Michigan

Date Description Activit Exposure Rate at

Time of Shipment (curies 6 ft (mR/hr) Destination
9/14/79 Irradiated

3:00 P.M. Antimony Pins 1000 0.5 Idaho Falls, ID
10/5/79

3:00 AM, Solid Waste 0.9 9.1 Barnwell, SC
10/15/79 Dewatered

9:30 A.M. Resin 56.4 7 Barnwell, SC
10/25/79 Dewatered

10:30 A.M. Resin 6.08 4.5 Barnwell, SC
10/29/79 Dewatered

2:00 P.M, Kes'n 35.58 6 Barnwell, SC
11/1/79 Surveillance

2:30 P.M. Coupons 4.99 <0.1 Pittsburg, PA
11/19/79

9:00 A.M. Dewatered 74.5 8.9 Barnwell, SC
2:20 P.M. Resin 101.4 9.5 Barnwell, SC
5/28/80

4:00 P.M. Filters & Trash 6.24 0.5 Barnwell, SC
7/17/80 Compacted

5:30 P.M. Radwaste 0.870 3.0 Richland, WA
8/25/80

4:25 P.M. Solid Radwaste 6.4 0.8 Barnwell, SC
8/28/80 ‘

2:00 P.M. Solid Radwaste 5.8 1.0 Barnwell, SC
< Less than
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TABLE 14

REPORTED YELLOWCAKE SHIPMENTS
from

Denisan Mines Ltd.

Elliot 'aike, Ontario, Canada
to Metropolis, Illinois

Date Number of Activity Exposure Rate at
Time Trucks (curies) 6 ft (mR/hr)

9/4/79
9:40 P.M. 5.8/truck

9/7/79
9:30 P.M. 5.8

9/10/79
9:40 P.M. .8/truck

9/14/79
6:05 A.M,

9/17/79
11:00 P.M.

9/20/79
9:32 p.m.(1)

9/24/79
8:05 P.M. .8/truck

9/27
a4t pow. (1)

9/30/79
6:45 P.M.

10/1/79
7:31 P.M. 1 5.8 5

10/3/79
5:30 P.M. 1 5.8 5

10/7/79
7:37 p.m. (1)

p—
()
@
o

10/9/79
8:35 P.M. 1 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

E1liot Lake, Ontario, Canada
to Metropolis, Illinois

Date Number of Activit Exposure Rate at
Time Trucks (curies 6 ft (mR/hr)
10/14/79 (1,

9:08 P.M. ] 5.8 5
10/16/79 (4

4:00 A.M. ] 5.8 5
10/17/79 1

9:00 P.M. 1 5.8 5
10/19/79 )

9:55 P.M. 1 5.8 5
10/23/79

7:39 p.M. (1) 1 5.8 5
11/1/79

9:55 P.M. ] 5.8 5
11/5/79

8:00 P.M. ] 5.8 5
11/6/79

8:45 P.M. ] 5.8 5
12/7/79

7:00 P.M. 2 5.8/truck 5
12/10/79

6:57 p.M.(1) 1 5.8 5
9:00 p.M.(1) 1 5.8 5
12/13/79

6:54 P.M. 2 5.8/truck 5
9:19 P.M. 2 5.8/truck 5
12/15/79

2:55 .M. ] 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontaric, Canada

to Metropolis, I1linois

Date Number of Activit Exposure Rate at
Time Trucks (curies 6 ft (mR/hr)
12/17/79

5:18 P.M. 1 5.8 5
12/18/79

3:55 P.M. 1 5.8 5
12/21/79

12:21 A.M. 1 5.8 5
7:00 P.M. 1 5.8 5
12/27/79

5:00 P.M. 1 5.8 5
1/2/80

1:50 A.M, 2 5.8/truck 5
1/4/80

6:05 A.M. 1 5.8 5
1/8/80

12:00 P.M. 1 5.8 5
1/9/80

7:50 P.M. 1 5.8 5
1/11/80

11:45 P.M. 1 5.8 5
1/18/80

2:30 P.M. 1 5.8 5
1/21/80

6:10 P.M. 1 5.8 5
1/22/80

6:50 A.M. 1 5.8 5
1/27/80

6:45 P.M. 1 5.8 5
1/31/80 N

e:33 p.M.( 2 5.8 5

-48-



TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

El1liot Lake, Ontario, Canada
to Metropolis, I1linois

Date Number of Activity Exposure Rate at
Time Trucks (curies) 6 ft (mR/hr)
2/4/80

10:15 P.M, 1 5.8 5
2/5/80

8:38 P.M. 1 5.8 5
2/8/80

7:20 A.M. 1 5.8 5
2/12/80 1

4:03 A.m. (1) 1 5.8 5
2/13/80

3:50 A.M. 1 5.8 5
2/14/80

4:40 P.M. 1 5.8 g
2/16/80

4:00 A.M, 1 5.8 5
2/18/80

8§:00 P.M, 1 5.8 5
2/20/80

11:50 P.M, 1 5.8 5
2/22/80

11:10 P.M. 1 5.8 5
2/25/80

7398 P.N. 1 5.8 5
2/27/80

6:00 P.M, 1 5.8 5
3/1/80

6:04 A.M. 1 5.8 5
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TABLE 14 cont.

REPORTED YELLOWCAKE SHIPMENTS

from

Denison Mines Ltd.

Elliot iake, Ontario, Canada

to Metropolis, I1linois

Date Number of Activity Exposure Rate at
Time Trucks (curies) 6 ft (mR/hr)
3/4/80

12:07 A.M.(1) 1 5.8 5
3/5/80

7:15 P.M. ] 5.8 5
12:34 A.M. 1 5.8 5
2:05 A.M. 1 5.8 5
3/6/80

3:06 A.M.(1) 1 5.8 5
3/7/80

5:00 A.M. 1 5.8 5
3/8/80

6:31 A.M. 1 5.8 5
3/11/80

1:05 A.M. | 2 5.8/truck 5
7:20 p.M.(1) 1 5.8 5
3/13/80

5:35 A.M. 1 5.8 A
3/14/80

3:15 A.M. 1 5.8 5
4:06 P.M. 1 5.8 5
11:40 P.M. 1 5.8 5
317/80 (1

11:43 P.M. 1 5.8 5
3/19/80

3:47 P.M. 1 5.8 5
3/22/80

10:05 P.M. 1 5.8 5
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TABLE 14 cont.

REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

El1liot Lake, Ontario, Canada
to Metropolis, I1linois

Date Number of Activity Exposure Rate at
Time Trucks (curies) 6 ft (mR/hr)
3/25/80

2:45 AM, 1 5.8 5
3/26/80

4:45 P.M. 1 5.8 5
3/29/80

2:15 P.M, 1 5.8 5
4/1/80

5:45 A.M, 1 5.8 5
4/2/80

3:30 P.M, 1 5.8 -

4/7/80

10:04 P.M. i 5.8 5
4/8/80

7:54 P.M, 1 5.8 5

4/12/80

7:24 P.M, 1 5.8 5
4/14/80

7:45 P.M, 1 5.8 5

4/16/80

7:40 P.M, 1 5.8 5

4/17/80

11:32 P.M. 1 5.8 5

4/18/80

4:35 P.M, 1 5.8 5
/21/80

9:20 P.M. 1 5.8 y 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontario, Canada

to Metropolis, I1linois

Date Number of Activit Exposure Rate at
Time Trucks (curies{ 6 ft (mR/hr)
4/23/80

7:00 P.M. 1 5.8 5
4/25/80

6:17 P.M. 1 5.8 “
4/28/80

11:20 P.M. 1 5.8 8
4/30/80 1

8:36 p.m.(1) | 5.8 5
5/2/80

8:25 P.M. ] 5.8 5
5/5/80

7:45 P.M. 1 5.8 5
5/7/80

10:51 P.M. 1 5.8 5
5/8/80 (1)

12:15 A.M, 1 5.8 5
5/9/80

8:13 P.M. 1 5.8 -
5/12/80

11: 8 P.M. ] 5.8 3
5/14/80

9:50 p.M.(1) ] 5.8 5
5/15/80

8:35 P.M, 1 5.8 5
5/16/80

9:55 P.M. 1 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontario, Canada
to Metropolis, I1linois

Date Number of Activit Exposure Rate at
Time Trucks (curies 6 ft (mR/hr)
5/20/80

8:20 P.M. 1 5.8 5
5/26/80

9:50 P.M. 1 5.8 5
5/28/80

10:37 P.M. ] 5.8 5
5/31/80 )

12:55 A.mM. (1) ] 5.8 5
6/2/80

10:22 P.M. 1 5.8 5
6/3/80 (1)

11:55 P.M. 1 5.8 5
6/4/80

8:19 P.M. 1 5.8 5
6/6/80

10:59 P.M. 1 5.8 5
6/9/80

9:55 P.M. 1 5.8 5
6/12/80

1:38 A.M. 1 5.8 5
6/16/80

3:00 A.M, 1 5.8 5
11:50 P.M. 1 5.8 5
6/17/80 (1)

12:40 A.M. 1 5.8 5
6/19/80

2:28 A.M. 1 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontario, Canada

to Metropolis, Il1linois

Date Number of Activit Exposure Rate at
Time Trucks (curies 6 ft (mR/hr)
6/23/80

11:55 P.M. 2 5.8 5
6/30/80

4:00 A.M. 1 5.8 5
7/2/80

1:25 A.M, 1 5.8 5
7/7/80

3:05 A.M, 1 5.8 5
7/8/80

12:50 A.M. 1 5.8 5
7/10/80

3:13 A.M. 1 5.8 5
7/14/80

3:54 AM, 1 5.8 5
8:35 P.M. 1 5.8 5
7/17/80 1

9:34 p.m.(1) ] 5.8 5
7/21/80

3:15 A.M. 1 5.8 5
7/°2/80

12:25 A.M 1 5.8 5
7/23/80

9:58 p.m.(1) 1 5.8 5
7/24/80

11:43 P .M, 1 5.8 5
7/29/80

1:53 A.M. 1 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontario, Canada
to Metropolis, Il1linois

Date Number of Activit Exposure Rate at
Time Trucks (curies 6 ft (mR/hr)
7/30/80

9:48 P.M, 1 5.8 5
8/4/80

3:05 A.M, 1 5.8 5
8/5/80

11:40 P.M, 1 5.8 5
8/7/80

11:50 P.M. 1 5.8 5
8,12/80

1:44 A.M, 1 5.8 5
8/13/80

9:06 P.M, 1 5.8 5
8/14/80

9:36 P.M. 1 5.8 5
%/17/80

11:13 AN, 1 5.8 5
8/19/80

7:3¢ PN, 1 5.8 5
8/21/80 (1)

8:44 P.M. 1 5.8 5
5:52 P.M. 1 5.8 5
8/24/80 .

12:00 A.m. (1) 1 5.8 5
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TABLE 14 cont.
REPORTED YELLOWCAKE SHIPMENTS
from

Denison Mines Ltd.

Elliot Lake, Ontario, Canada

to Metropolis, I1linois

Date Number of Activity Exposure Rate at
Time Trucks (curies) 6 ft (mR/hr)
8/25/80

6:15 P.M, 1 5.8 5

8/29/60

1:20 A.M. 1 5.8 5

(1) Time is at Mackinac Bridge. A1l other times are at
Internatior 41 Bridge, Sault Ste. Marie.
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FIGURE 5
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STATE OF MICHIGAN

22N

i ¢

R
WILLIAM G MILLIKEN Governor

DEPARTMENT OF PUBLIC HEALTH

3500 N LOGAN
PO BOX 30035 LANSING MICHIGAN 48909
MAURICE S REIZEN MDD . Director

The Michigan Department of Public Health, under a contract with

the U. S. Nuclear Regulatory Commission and U. S. Department of
Transportation, is conducting a program for the surveillance of
radioactive materials in transport. Information and data concerning
radiation levels in the transportation environment due to the
presence of packages of radioactive materials will be accumulated
and evaluated. Objectives of this study will be:

1. To obtain information on the status of compliance
by shippers and carriers with packaging require-
ments and transportation regulations. Proper
package labeling, shipping documents, assignment
of transport indices, physical condition of the
packages and maintenance of prescribed separation
distances will be checked.

2. To monitor radiation exposure of workers and the
public. Dosimetry devices will be issued and
evaluated to determine personnel and work station
area exposures. Contamination surveys may be :nade
of packages, work stations, and storage positions.

3. To gather information on compliance involvirg vehicles
used in transport. Again, dosimetry devices will be
used for monitoring personnel and vehicles. Vehicles
will also be checked for proper package placement,
total transport index, adequate placaruing, and
contamination.

Thank you for your cooperation in this radioactive material
transportati’  <urveillarce program. During monitoring operations,
disturbance the normal flow of radioactive materials will be
kept to a minimum.
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Field work required in the contract includes physically checking
radioactive material packages being transported into, within, and
from Michigan. To assist ns in ascertaining the flow and volume
of radioactive packages i1 the state, please provide the following
informatior:

Jrigin and destination of radicactive material shipment:
Types and quantities of isotopes being shipped

Names and locations of airlines and trucklines used

]
transport

your company. For reqularly scheduled
|
,

shipments ide fliaght numbers, day »s LIMmes, et

nne P1nes or courier

ihank you for your cooperation in this radioactive material
transportation nonitoring operations,

disturbance of radioactive m als will be

L'\;\? ", a ninin




PERSONNEL MONITORING

You are requested to wear this "radiation mornitoring dosimeter" while
working at your regular job which may involve handling, trensporting
or other contact with radioactive shipments. The dosimeter is a
sensitive device which responds to the enerqy it absorbs from the
radiation you might receive while working. The dosimeter is not
itself radioactive nor does it attract radiation. also doe-

not "protect” the wearer from radiation. The sole f tion of the
dosimeter is to record accurate data on actual exposures. It will

be evaluated by a specialized machine in Lansing to determine
the badge's exnosure.

‘ ‘.x,‘r the dosimeter O vour shirt or hirt pocket and wear i
while working. After your shift is over, place the dosimet
an area far from radioactive material packages with other i

! not fo
Be especially careful not to let it go throuagh the laundry'

vou normally use or carry each day, so that vou wil

ure to remove the device if you are to have a medical or dental

x-ray or a medical procedure involving radioisotopes. Since the

badges are moderately expensive and can be damaged by tampering,
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Continueation of 3rd Rev. DOT-E 7060
1 Address all inquiries to: As ociate Director for Hazardous Materials Regulation,

Materials Transportation Bureau, Research and Special P

: U.S. Department of Transportation, Washington, D.C. 2059
e Branch

rograms Administration

.
Allention: Exemption
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ose-up of packages showing T.I. 6 Yellow
I

labels.

FIGURE 4

Casperson, Inc. truck purchased to replace a van and
provide greater separation distance.




FIGURE 5

. C. Cook Nuclear Power Plant evaporator concentrates
snipment solidified in urea formaldehyde.

FIGURE 6

restri ions.

Nifferent view showing the smaller middle tank. Tnree
+

large tanks are not shipped due t. weigh




FIGURE 7

C Cook Nuclear Power Plant shipment in Hittman
Nuclear HN-200 lead shieided cask.
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FIGURE 8

M.xed radioactive waste shipment from Palisades Nuclea:

Power Plant. Drums ¢° compacted trar and boxes of

non-compressible trash.




FIGURE 9

Palisades Nuclear Power Plant evaporator concentrates solidified
in sodium solvale/cement, on mixed waste shipment.

FIGURE 10

Loading of an
unshielded steel
Iiner of dewatered
ion exchange resin
at Palisades.
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FIGURE 11

teel liner blocked in place.
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FIGURE 12

Arrival of an empty Chem-Nuclear CNSI-8-120,
4 inch ‘ead shielded cask at Palisades Nuclear

Power Plant.

Insertion of p.imary coolant filters into a steel liner

at Palisades waste Luilding.



FIGURE 14

Transfer of the steel liner into the cask.

FIGURE 15

Lowering and aligning the cask 1id.



Surveying damaged yellowcake trailer for
alpha contamination.

FIGHRE 17




FIGURE 18

Transfer of the yellowcake drums to an
undamaged trailer for completion of the
shipment.
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