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ABSTRACT

In June 1988, a Cesium-137 irradiation source, located in a commercial irradiation facility water basin
near Atlanta, Georgia, began to leak. Because of the failure of this source, the decision was made to
transport it and all similar sources back to their place of manufacture at the Hanford Site in southeastern
Washington State. As this shipping campaign progressed, many challenges were encountered, and the
process of underwater loading, de-watering, and drying the transportation packages went through a
significant evolution. The loading methods and drying standards that resulted may reflect a trend in
underwater packaging requirements for this type of material.

BACKGROUND

In the 1960’s and 1970’s a large volume of high-level
radioactive liquid containing Cesium-137 was produced as
a byproduct of reprocessing defense-related nuclear mate-
rials. In an effort to reduce this volume of liquid a program
was established at the Hanford Site, whereby reprocessed
Cesium-137 in chloride form was encapsulated using dou-
ble-walled stainless steel containers. These "capsules" were
manufactured and stored in a water basin at the Waste
Encapsulation and Storage Facility (WESF).

The capsule dimensions are 6.743 cm (2.655 in.) in di-
ameter and 52.768 cm (20.775 in.) in length (Fig. 1). Cap-
sule weight is typically about 9.07 kg. The average
Cesium-137 loading was 42,500 Ci, generating an average of
200 W of heat per capsule. More than 1,500 of these cap-
sules were produced between 1974 and 1983.

Early in the encapsulation program various tests were
-dnducted to evaluate capsule performance for transporta-
tion and long term storage. Capsules were tested with
nonradioactive cesium chloride and evaluated according to
the requirements of Special Form Material in U.S. Energy
Research and Development Administration (ERDA) Ap-
pendix 0509 and U.S. Nuclear Regulatory Commission
(NRC) 49 CFR 173.469. This special form qualifies the
capsule to be an integral part of the containment system for
transportation. :

In 1985, the NRC and U.S. Department of Energy
(DOE) approved the leasing of these capsules as sources in
commercial irradiation facilities. In 1986, 252 Cesium-137
capsules were delivered to a commercial irradiation facility
located in Decatur, Georgia. The facility license specified
that the source capsules would be transferred from a
shielded shipping container underwater; stored underwa-
ter, when not being used for sterilization; and raised out of
the pool into the air during product sterilization.

DECATUR INCIDENT

On June 6, 1988 workers at the Decatur facility de-
tected higher than normal radiation levels at the surface of

the storage pool. Sampling verified the presence of dis-
solved Cesium-137in the pool water, indicating a leak in one
of the capsules. During the next 6 mo, several methods were
used in an attempt to identify the leaking capsule. The
initial evaluation that was conducted used an underwater
television camera, and identified certain capsules as "sus-
pect"” for various reasons. Further evaluation involved an
ultrasonic probe to check for the presence of water leakage
between the inner and outer cylinders. An underwater
weighing procedure was initiated, but was considered unre-
liable and discontinued. Three capsules were also removed
to a hot cell at Oak Ridge National Laboratories (ORNL)
for nondestructive testing and further evaluation. Although
three suspect capsules were shipped, none of them turned
out to be the "leaker." In addition, analysis of the storage
pool water indicated that the leak was continuing.

Since the leaking capsule had still not been identified,
a special test device, the Pressure Cycle Leak Detector
(PCLD), or "six pack sipper” was developed. The PCLD
was designed to isolate up to six capsules at a time and
allowed the surrounding water to be sampled for increased
activity. Testing using the PCLD began in 1988 and on
November 29, it was discovered that one capsule would not
fit into the sipper due to a bulge located near one end. The
capsule was isolated in a closed container. The next day the
demineralizer system was able to significantly reduce the
activity level of the pool water, indicating that this capsule
was the leaker. Also another capsule was determined to
have bulged, and both capsules were shipped to ORNL on
December 20, 1988.

INITIAL SHIPMENTS

Shipping of the first five capsules to ORNL required
the development of equipment and procedures. Because
the suspect capsules were potentially breached, they were
disqualified as meeting special form criteria and could not
be shipped in their normal cask, the Model-1500. A review
of certified Type B Radioactive Materials packages was
conducted. The only suitable cask that could be used with-
out a change to its NRC Certificate of Compliance (CoC)
was the General Electric Model GE-600. Since a primary

35



SHIPPING ENCAPSULATED CS-137 SOURCES

Robbins

-ansded 20.mos £ gr-mmisa)) Apoej oFe10)s pue uonensdesus 2)sem jo rereq T S

Z1°10020162
| Up 8aw sUOISUBUSP [IY (910N
wn)
n) jems
. ] un teeis wn) eppoIyd
00v'0 IR 5297 i | smomg | (90VO SIE6L 02T o aum.unam wyesd
191E
ssawpiyl | ybue | semeweng | sssuxatyy ssawiyl | bue | smeumig | ssauNOlL
deormoy | mot | epming | wem | ™M |desmor| mor | epwmino | imem | "™ | jeueren
nQ lauu| .-o:in”cm
oynsdey
9, 8 9, LZe 9,002 2, 0S¥ s QoL .ﬂm E:l_._%
eur aur einsdug jo eowds
e iauag - Jeay PiOA Imi0L U0 8 (LI ]
LT ny peseg Aysueq © uuog sapow
Iwopatoayy sti -olpey
auneiodwa) jo wealad
(Ln) peisal
PleM 2dluosenin plom
Pa)28yD Nea] WnjleH PIPM aly ueysBuny sen sjowey
a1y uaisBuny seo sjoway
liem Jeuu)
lIEM =RinQ -
(1n) paisay ojuosenyn  PPHOIUD NS
PIaM 24y uajsBun] sen
3 F *

sS191E
e|nsde) SS 191€ BOlY PIOA %0E
Jouu| Jaueiay Buiy-0 %sia passluIS sS 191€

3
9%9 Buyg-0 SS19i€ pejeimes oy  deD ajnsded




Robbins

SHIPPING ENCAPSULATED CS-137 SOURCES

requirement was to isolate and remove the leaking capsule
as quickly as possible, the time required for preparation and
approval of a CoC revision was considered to be unaccept-
able. With the Model GE-600 cask (Fig. 2a), a special
"capsule overpack" would be required to comply with the
CoC, but special form qualification of the capsules was not
needed.

An overpack was designed to fit inside the Model GE-
600 cask. Because of the CoC decay heat limit of 600 W, the
cask was limited to transporting 2 capsules at a time. The
CoC for the Model GE-600 cask also required the package
contents to be dry, therefore the overpack was designed to
be blown dry with nitrogen. This requirement was compli-
cated by the fact that operations involving the canisters at
the Decatur facility were all conducted underwater at a
depth of 4.572 m (15 ft) to 7.315 m (24 ft).

The capsules were lifted using tong type manipulators
and loaded into the overpack underwater. Next, the over-
pack lid was lowered into place, and the 16 lid bolts were
torqued using a long extension tool. Dry nitrogen was blown
from a cylinder located above the pool, down through a
0.635 cm (1/4 in.) flexible plastic hose, into the overpack.
The water in the overpack was displaced through another
flexible hose to a dry "condensate trap" also located under-
water. This condensate trap was used to contain the water
and any radioactive CsCl that may have leaked from the
capsule. A nitrogen purge was continued for 3 h to remove
any residual water from the overpack.

The first shipment (one capsule) was made on August
17, 1988. Upon arrival, it was discovered that the overpack
contained several milliliters of water. Two measures were
taken to eliminate this from occurring in future shipments.
First, the overpack was redesigned with an improved valve
system. Second, the loading procedure was revised to re-
quire pulling a vacuum on the overpack to further ensure
dryness. This vacuum drying required that the overpack be
evacuated to 4 mm Hg less than the vapor pressure of water
at pool water temperature and held for 15 min. The over-
pack was then isolated from the vacuum pump and consid-
ered to be dry if pressure rose less than 4 mm Hg in 5 min.
This new design and procedure proved to be more success-
ful in eliminating the water.

SEGREGATION AND DISPOSITION OF
REMAINING CAPSULES

Because the mechanism for the capsule failure was
unknown, and potential for additional failures, it was deter-
mined that all the remaining capsules would be returned to
their place of manufacture, the WESF at the Hanford Site.
Because there was only one Model GE-600 cask in exis-
tence, limited to transporting 2 capsules per shipment, and
due to the difficulty of loading the cask/overpack package,
it was necessary to use a different method to ship the

remaining capsules to ensure transportation within a rea-
sonable time period.

All of the capsules were originally transported to De-
catur as "special form" in a Model-1500 shipping cask (Fig.
2b). This cask held four capsules in a specially designed
basket. The leaser of the capsules had manufactured nine
of these casks and therefore the transportation was able to
proceed rapidly. Capsules that still qualified as "special
form" could be returned to the Hanford Site using this
method. However, potentially faulty capsules required
using the Model GE-600 cask for return shipment.

Based on examination of the two bulged sources, it was
suspected that the failure of the capsules involved swelling
of the cesium salt. This information led to development of
the following three basic inspections to check the integrity
of the remaining source capsules.

1.Visual Inspection--using an underwater television cam-
era, to check for unusual surface conditions.

2."Clunk" Test--grasping a single capsule with a manipula-
tor, lowering it quickly toward the pool bottom, and then
stopping the motion. If the inner capsule is free to slide
inside the outer capsule, there is an audible "clunk"
noise. Absence of this "clunk” indicates that there may
be swelling of the inner capsule.

3."Ring Gauge" Test--passing the capsule through a
6.985 cm diameter circular gage. If the capsule does not
slide through, swelling is indicated.

In addition to the capsules that were suspect resulting
from these inspections, there was another group of capsules
that, based on evaluation of their manufacturing history and
other factors, were no longer able to be considered special
form.

Following the inspections and evaluations of manufac-
turing history, the remaining capsules were divided into
three groups.

1. Normal Form (11 capsules)--capsules that failed one or
more of the tests to be shipped in the Model GE-600
cask with the overpack.

2. Special Form (161 capsules)--capsules that passed the
tests and had adequate certification to qualify as special
form to be shipped as special form in the Model-1500
cask.

3. Non-Special Form (75 capsules)--capsules that for var-
ious reasons had inadequate documentation to be
shipped in the Model-1500 cask with added packaging
to ensure containment.

NORMAL FORM

The normal form shipments were completed using the
previously described procedure from May to September
1989,
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Fig. 2a. Model GE-600 shielded container (cask).

SPECIAL FORM SHIPMENTS

Loading for special form capsule shipments was rela-
tively easy. The capsules were lifted using tong type manip-
ulators, and loaded into a special four capsule rack in the
Model-1500 cask. Next, the cask lid was lowered into place.
The cask was lifted above the surface of the pool and lid
bolts were installed. The cask was allowed to drain and then
blown down with dry air for 15 min. Several successful
shipments were made using this procedure.

In August 1989, during special form shipping, water was
discovered in one of the Model-1500 casks when it arrived
at the Hanford Site. Since the loading procedure included
blowing down the cask to ensure its internal dryness, the
mechanism for this influx of water was not immediately
apparent. The most probable cause was a leak from the
internal void areas of the cask into the center cavity. Several
cask integrity tests, described below were conducted to
definitively establish the source of the water.

1. Bubble Test--the bottom of the cask is filled with water,
and a vacuum is pulled on the cask. The cask bottom is
observed for generation of bubbles.

2. Pressure Test--the cask cavity is filled with water and
pressurized, any decrease in water level indicates a leak.

29102004.11 DRAW
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Fig. 2b. Model-1500 shielded container (cask).
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3. Chalk Test--cask cavity welds are dusted with chalk, and
a vacuum is pulled on the cask. Wetting of the chalk
indicates a leak.

These tests demonstrated that several casks had inter-
nal leakage. The problem was eventually isolated to a leak
between the drain line and the internal portions of the cask
(Fig. 2b). The situation was corrected by welding a new
drain line internal to the original drain line. No further
incidents were encountered and the last special form source
was shipped in April 1990. In addition, these tests were
incorporated into the CoC for the cask to be performed
before every third shipment.

NON-SPECIAL FORM SHIPMENTS

Shipment of the non-special form capsules required the
design of a new special form canister to be shipped internal
to the Model 1500 cask. This canister was designed to hold
up to three Cesium-137 capsules. Because the canister does
not contain integral shielding, it was designed to be loaded,
drained, dried, and sealed underwater before being loaded
into the Model-1500 cask. Also it was designed to meet
more stringent containment criteria.

To facilitate sealing the canister underwater, remote
operating valves were designed into the lid of the canister
using O-rings as seals (Fig. 3a). The inlet and outlet ports
of the valves were machined into the canister lid with a small
tube welded to the top of the valve. A quick release tubing
connector was used to mate the plastic tubes to the welded
drain tubes. The welded tubes were recessed into the top
of the canister so they would survive the required 9.144-m
(30-ft) drop test of the canister assembly. The lid was sealed
to the canister with a silicon rubber O-ring having a 30-d
operating life (limited due to the high radiation field expo-
sure during shipment). Three closure nuts with rubber
gaskets locked the lid to the canister. The lid had an addi-
tional seal in the middle of the interior surface area that
sealed to a dip tube used to drain water from the canister
during the dewatering process.

Canister operations are remotely performed under
4.572 m (15 ft) to 7.315 m (24 ft) of water using remote
handling tools. All dewatering and vacuum drying equip-
ment is located outside the pool water area. Prior to load-
ing, each capsule is inspected using the "clunk" and "ring
gauge" tests. If the capsule fails, it is not loaded.

Three capsules are loaded into the canister using tong
type manipulators. The canister lid is lowered into place
with the three closure nuts resting in place, and the 0.635-cm
(1/4-in.) plastic vent and drain tubes connected to the can-
ister using quick release connectors. The closure nuts are
torqued and the canister is pressurized with nitrogen
through the vent line, forcing the water out through the
drain line. This line empties into a bottle with a calibration
mark to ensure that the proper amount of water has been

removed. The canister is vacuumed using the same method
as the Model GE-600 overpack (Fig. 3b).

The vent and drain valves are torqued shut, the quick
release connectors are removed from the vent and drain
tubes using remote manipulators, and the canister is ob-
served for bubbles. If none are observed, the canister is
loaded into the cask, the lid is put in place, and the cask is
removed from the pool. Last, the cask is drained and blown
down with three cycles of 5 min. nitrogen purges followed
by 25-min. wait periods.

CONTINUING CHALLENGES

In May 1990, during unloading at the WESF, water was
discovered in the first Model-1500 cask containing a "non-
special form" shipment. Testing was conducted to evaluate
if the blowdown of the cask was sufficient to ensure removal
of all the water. It was determined that the geometry of the
recessed valves and vented drain tubes prevented removal
of about 20 mL of water.

Two alternatives were evaluated for drying this residual
water from the casks; (1) evaporation of the water due to
heat generated by the capsules, and (2) vacuum drying of
the entire cask. Following correspondence with the NRC,
the decision was reached that the preferred method would
be vacuum drying. The procedure that was developed in-
cludes a 15 min. nitrogen purge of the cask, followed by a
20-min. wait period, and an evacuation of the cask to 1 Torr
vacuum. Testing of this procedure showed that evacuation
to this low level ensured removal of the water.

In June 1990 shipping resumed, but further challenges
were encountered. In this instance, something prevented
loaded casks from draining properly. Investigation re-
vealed that in some cases the flat bottom of the canister
fitted tightly against the cask drain line (possibly due to the
recently installed inner drain line) and restricted the proper
operation of the drain. This was solved by placing stainless
steel mesh under each canister to lift it slightly above the
drain allowing free flow of the water.

Vacuum drying of the canisters and casks was difficult
because of the potential contamination to the vacuum pump
oil with Cesium-137 from the pool water. The pump oil had
to be changed frequently due to the amount of water that
was removed by the vacuum. Several attempts were made
to improve this situation (i.e., installation of a liquid nitro-
gen cold trap in the vacuum line, and attempted use of an
oil free vacuum pump). These attempts were unsuccessful.
The best results were obtained by continually running the
vacuum pump 24 h/d to keep the oil as hot as possible to
reduce water contamination.

On August 15 1990, during unloading at the WESF,
operators noted that when the closure nuts were untorqued
on one canister, a small amount of steam escaped.
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Evaluating of the canister design drawings indicated that
the most likely steam source was water trapped between the
closure nuts and their holes in the canister lid. Actual
testing of the canisters with nonradioactive capsules con-
firmed this evaluation. Further evaluation determined that
this water could not enter the payload area of the canister
or the cask cavity, and was therefore of limited concern.

Following resolution of the steam incident, no other
major challenges were encountered, and the last of the
remaining sources were removed from the Decatur facility
on November 19, 1990.

CONCLUSIONS

This paper has discussed the difficulties that were en-
countered in shipping Cesium-137 capsules and the solu-
tions that were implemented. The lessons that were learned
can be applied to other situations involving underwater
loading of radioactive materials, and the dryness criteria
that resulted perhaps represents a trend in packaging re-
quirements.
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Fig. 3a. New special form canister.
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Fig. 3b. Dry vacuuming of new special form canister.




