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EXECUTIVE SUMMARY

A literature review was conducted to determine the type, extent and severity of corrosion found
in the 10- and 14-ton mild steel depleted UF; storage cylinders. Also discussed in this review
is corrosion found in the valves and plugs used in the cylinders. Corrosion of the cylinders is
a gradual process which occurs slowly over time. Understanding corrosion of the cylinders is
an important concern for long term storage of the UF; in the cylinder yards, as well as the final
disposition of the depleted UF; tails inventory in the future.

The following conclusions are made from the literature review:

¢

The general external corrosion rate of the cylinders is about 1 to 2 mils per year (1 mil
= (0.001"). The highest general external corrosion rate was over 5 mpy on the 48G type
cylinders.

General internal corrosion from the depleted UF; is negligible under normal storage
conditions.

Crevice corrosion can occur at the cylinder/saddle interface from the retention of water
in this area.

Crevice corrosion can occur at the cylinder/skirt interface on the older skirted cylinders
due to the lack of water drainage in this area.

Crevice corrosion can occur on cylinders that have been in ground contact.

Crevice corrosion and galvanic corrosion can occur where the stainless steel I.D.
nameplates are attached to the cylinder.

The packing nuts on the bronze one-inch valves used in the cylinders are susceptible to
stress corrosion cracking (SCC).

Mechanical damage from routine handling can lead to a breach in a cylinder with
subsequent accelerated corrosion of the mild steel due to attack from HF and other UF,
hydrolysis by-products.
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1. INTRODUCTION

There are currently more than 44,000 10- and 14-ton mild steel storage cylinders containing

depleted uranium hexafluoride (UFy) stored at the K-25 site in Oak Ridge, Tennessee and at the

uranium enrichment facilities at Portsmouth, Ohio and Paducah, Kentucky. Some of the

cylinders have been in storage for over 40 years. The original 10-ton storage cylinders were

fabricated from A285 mild steel with an initial wall thickness of 0.625" or 5/8" (thick wall
cylinder). The original design of the cylinders has been modified several times.

The current design of the 14-ton storage cylinders specifies A516 mild steel with a wall
thickness of 0.325" or 5/16" (thin wall cylinder). The wall thickness was reduced because the
thick wall cylinder had been designed conservatively for outside storage of the depleted UF,.!
The change in mild steel alloys was based on the increased fracture toughness of A516 mild steel
at low temperatures.? The fracture toughness specifications for the A516 mild steel used in the -
cylinders are specified in ANSI N14.1.> There were no fracture toughness specifications for
cylinders fabricated with- A285 steel. Table 1 lists the types for the 10- and 14-ton mild steel
cylinders stored at the three sites.

The minimum thickness specifications for the 10- and 14-ton mild steel storage cylinders are
based currently on the ANSI N14.1 standards for shipping and heating of depleted UF;.> The
current acceptable minimum wall thickness limits are 0.500" for thick wall and 0.250" for thin
wall cylinders.” The storage cylinders are currently fabricated according to the ASME Boiler
and Pressure Vessel Code, Section VIII, Division 1 and supplied with the Manufacturer’s Data
Report, ASME Code Form U-1 or U-1A.*

To date, there is no accepted plan to remove, or a developed method to recover, the depleted
UF tails stored in the cylinders. It is anticipated that early in the next century, a conversion
process will be developed, such that the depleted UF; may be converted into a more stable
ccompound for permanent disposition.® Therefore, it is important that the -corrosion
characteristics of the cylinders be evaluated and known, to ensure safe storage of the depleted
UF; until a conversion process is developed.

Corrosion of the mild steel cylinders can be monitored and controlled. General external
corrosion is typically slow and life expectancy calculations may be developed over time.
However, other forms of corrosion may proceed more rapidly and could lead eventually to a
breach in a cylinder. This report reviews the various types of corrosion that may be found in
the 10- and 14-ton mild steel storage cylinders. Corrosion of the valves and plugs used in the
cylinders are also discussed in this report.




- 48A 10- : 5/8" A285 1953-54
48X 10 5/8" A285 1953-54
48T (48B) 10 5/16" A285 1956-58
480 14 5/16" A285 1959-61
48F 14 5/8" A285. 1961-1962
- 480H 14 - 5/8” A285 1962
480HI 14 5/8" A285 1962-1963
480M 14 5/16" A285 1962-78
48H 14 5/16" A285 1979-83
48HX 14 5/16" A285 1979
48Y 14 5/8" AS516 11979-80
48G 14 _ 5/16" AS16 1978-PRESENT

2. TYPES OF CORROSION IN THE 10- AND 14-TON MILD STEEL DEPLETED
UF, STORAGE CYLINDERS

Corrosion can be defined as the destruction or deterioration of a material caused by a chemical -
reaction with its environment.*® There are several types of corrosion which may be occurring
in the 10- and 14-ton mild steel depleted UF¢ storage cylinders, including general corrosion,
crevice corrosion, galvanic corrosion, pitting corrosion and stress corrosion cracking. A brief
description of mechanical damage to the cylinders is also discussed. An overview of these
corrosion mechanisms and their significance is summarized in Table 2. A discussion and an
evaluation of the information on corrosion of the storage cylinders is detailed below.

2.1. General Corrosion

General (uniform) corrosion will gradually reduce the metal thickness of a component
over time and typically proceeds uniformly over the exposed metal surface.”® Itisa
preferable type of corrosion for engineering design because life expectancy calculations
can be determined. There are two types of general corrosion to be considered in the
mild steel depleted UFg storage cylinders, external corrosion from the atmosphere and
internal corrosion due to the depleted UF;.
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2.1.a. General external corrosion

The mild steel depleted UF; storage cylinders experience general external corrosion. The
cylinders were painted originally after fabrication to improve the appearance which
provided a protective barrier to reduce the external corrosion of the mild steel.
However, routine cylinder handling and autoclave cycles have caused degradation of the
paint used on the cylinders.

The reduction in the wall thickness from general external corrosion can be calculated
from ultrasonic thickness (UT) measurements conducted on the cylinders.. The corrosion
of mild steel can also be simulated by controlled comparative tests (corrosion coupons
and atmospheric corrosion probes). Based on this information, corrosion rates and
remaining life expectancies can be approximated for the mild steel depleted UF; storage
- cylinders.

2.1.a.1. Ultrasonic thickness (UT) data

Hand-held UT measurements have been conducted on more than 170 10- and 14-ton
mild steel depleted UF, storage cylinders at PORTS.? The UT data have shown that
general external corrosion rates vary from less than 1 mil per year (mpy) to more
than 5 mpy (1 mil = 0.001").° In general, the external corrosion rate of the
cylinders was between 1 and 2 mpy. The corrosion rates calculated from results at
PORTS were similar to the 1.6 mpy and 2 mpy corrosion rates calculated from UT
measurements of depleted UF, storage cylinders at PDGP in 1974 and 1988,

respectively.! 1% It should be noted that an atmospheric corrosion rate between 1 and
5 mpy for ferrous materials is considered excellent.’

The highest general external corrosion rates determined from the UT measurements
at PORTS were for the 48G type 14-ton mild steel storage cylinders.” The 48G and
the 480M type cylinders are both thin walled cylinders. The outer surface of the
48G type cylinders are grit blasted before being painted, whereas the 480M type
cylinders were not grit blasted. The higher corrosion rate found with the 48G type
cylinders’ may be the result of grit blasting prior to the painting (Section 2.1.2.2.).

2.1.a.2. Painting of mild steel depleted UF storage cylinders

All of the 10- and 14-ton mild steel depleted UF, storage cylinders are painted after
fabrication. The paint protects the mild steel from corrosion until the paint is
damaged or removed accidentally. According to corrosion textbooks,” ® grit (sand)
blasting prior to the paint application is the desired type of procedure for preventing
the onset of corrosion.

The current 48G type mild steel cylinders were grit blasted after fabrication. The
cylinders are then painted. A laboratory study was conducted at K-25 to evaluate the
corrosion characteristics of mild steel in contact with wood and concrete used to
support the cylinders.!’ Concrete was found to be equal to and/or better than wood
as the material for the saddle supports (chocks) used to support the cylinders. In
addition to these results, a mild steel surface with a glass bead blasted finish was

7



2.2,

found to corrode at a much faster rate than an oxidized or polished steel surface.!
This may suggest that the mild steel cylinders which have been grit (or sand) blasted
prior to painting (48G type cylinders), may corrode more rapidly when the paint layer
is removed than the older cylinder types (ie. 480OM type cylinders), which received
no such surface preparation. Without this surface preparation, the steel would have
mill scale on the surface.

A study conducted on coating alternatives for refurbishing the old mild steel storage
cylinders recommended an abrasive blast cleaning of the metal surface.’? A number
of cylinders were sand blasted and painted in 1979 for shipment to Italy. Some of
those cylinders were not shipped to Italy due to a small defect in the appearance of
the cylinder, such as a dent. The paint on the top and bottom of the "Italian"
cylinders have started to deteriorate. The paint on the body of the cylinder is in good
condition. These "Italian” cylinders tend to show how long paint can last on a
properly prepared steel surface.

2.1.b. General internal corrosion by depleted UF,

General internal corrosion in the 10- and 14-ton mild steel cylinders by depleted UF, in
the solid state has been previously examined and was considered to be a form of general
corrosion.> ** "The time required to penetrate the 5/16-in wall of a UF storage cylinder
at 70°C (158°F) (assumed to be the maximum temperature experienced by such a
cylinder when exposed to direct rays of the sun) is on the order of a million years."!
Under normal storage conditions, general internal corrosion from the depleted UF; is not
a significant problem for the 10- and 14-ton mild steel depleted UF, storage cylinders.

~ Whena cylinder is breached, corrosion of the mild steel storage cylinder may occur quite
- rapidly. The UFq reacts in the presence of water to form HF. The HF and other UF;

hydrolysis by-products will accelerate the corrosion of the mild steel cylinder at the
breached area. The corrosion products that form as a result of the breach act as a self-
sealing patch on the cylinder.? This is a unique incident where accelerated corrosion may
occur as a result of mechanical damage or through wall thickness corrosion.

Crevice Corrosion

Crevice corrosion is localized corrosion on metal surfaces which are exposed to small volumes
of a stagnant solution.*”? Crevice corrosion is the result of differential aeration, where the
supply of oxygen by diffusion is greater in the crevice than outside the crevice.® Crevice
corrosion may occur in contact areas between metal and nonmetallic surfaces, such as wood,
rubber and concrete.




Crevice corrosion can be found where the mild steel cylinder rests in the cylinder support
saddles to due the retention of water. Crevice corrosion occurs at the cylinder/skirt interface
on the older cylinders due to poor water drainage. Crevice corrosion occurs on cylinders that
are stored in contact with the ground. The stainless steel identification (I.D.) nameplates and
the threaded regions of the bronze valves in the cylinders, may also provide a location for
crevice corrosion.

2.2.a. Cylinder support saddles

A laboratory study was conducted at K-25 to evaluate the corrosion characteristics of
mild steel due to contact with wood and concrete.!! . The accelerated immersion test
results showed that mild steel in contact with concrete does not corrode more rapidly than
mild steel in contact with wood. The corrosion rate for the steel/concrete interface
ranged from 1.7 to 5.6 mpy, depending on the surface condition of the steel prior to
testing .M

UT measurements of randomly selected cylinder walls at K-25 found that metal losses
greater than 0.125" (125 mils) were present at the bottom of the cylinders.™*

A non-destructive evaluation on a number of depleted UF mild steel storage cylinders
has been conducted recently at K-25" and at PGDP. The evaluation at both sites used
a P-Scan UT measurement technique. The UT program was developed to determine the
-condition of the bottom of selected cylinders known to have been in ground contact, as
well as cylinders stored under normal storage conditions. At K-25, the UT
measurements were conducted adjacent to the support saddle. At PGDP, the cylinders
were relocated temporarily to a staging area. The support saddles were moved such that
measurements along the cylinder/saddle interface could be obtained. The wall thickness
and pit depth measurements were obtained during the measurement program.

Initial results of the study at K-25 on 136 mild steel depleted UF, storage cylinders have
shown that the cylinders stored in the support saddles experience crevice corrosion, near
the cylinder/saddle interface. The wall thickness at this interface was found to range
from 0.140" to 0.300"."* The accelerated corrosion may be the result of retained water
at the cylinder/saddle interface and/or due to poor water drainage in the storage yards.
To date, a report of the results for the UT measurement program at PGDP was not
available. However, crevice corrosion was found along the cylinder/saddle interface, as
well as on the cylinders that had been in ground contact.

2.2.b. Cylinder skirts

The majority of the 10- and 14-ton mild steel storage cylinders do not have a skirt, but
use a valve end protector, including the current 48G type cylinders. However, crevice



corrosion is also found at the cylinder/skirt interface on the older mild steel depleted UF,
storage cylinders. The design of the mild steel protective skirt had a small hole at the
6 o’clock position for water drainage, assuming the valve to be at the 12 o’clock
position.

Previous handling procedures did not provide the controls necessary to ensure that the
cylinders were placed with the drain hole at the 6 o’clock position. Therefore, many of
the drain holes have been ineffective in draining water from this area. In addition to the
misalignment of the cylinders for proper water drainage, debris has plugged many of the
drain holes which were stacked properly. Water and moisture have remained in the
cylinder/skirt interface, causing accelerated corrosion. A study of two 14-ton cylinders
at PORTS in 1992 found 60 to 80 mils of metal loss had occurred on the outside of the
skirt near the cylinder/skirt interface.'s

A study was conducted at K-25 to evaluate corrosion at the cylinder/skirt interface using
‘metallographic replicas.”” The replicas were used to characterize corrosion and pitting
of the cylinder/skirt interface at the 6 o’clock position. Pit depths up to 150 mils were
found at the interface on one cylinder.”” Also reported were the results of UT
measurements with a small diameter "pencil” probe at the cylinder/skirt interface. A
minimum wall thickness of 0.200" was measured on two cylinders at about two inches
from the cylinder/skirt interface."”

- 2.2.c. Cylinders in ground contact

A study conducted at K-25 to examine four breached cylinders found that ground contact

-of a breached cylinder (Cylinder 101244) may have caused its failure by "differential-
oxygenation corrosion."'* This may be considered a form of crevice corrosion. The
failed area of the cylinder may have been in ground contact for an unknown period of
time. Moisture in the ground will increase corrosion of the steel that is in ground
contact.

A study conducted at K-25 found the corrosion rate of mild steel samples in ground
contact after six months had a corrosion rate between 1.5 and 5.5 mpy.” The samples
were pitted, with a pit depth of up to about 11 mils.® The controlled study tends to
show how accelerated corrosion occurs on mild steel samples in ground contact.

2.2.d. Stainless steel cylinder identification nameplates

The identification (I.D.) nameplates used on the 10- and 14-ton mild steel storage
cylinders are made of stainless steel. The I.D. nameplates on the older cylinders are tack
welded at the four corners. The I.D. nameplates used on the newer 48G type cylinders
are welded around the circumference of the nameplate. Moisture and water can collect
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behind the I.D. nameplate on the older cylinders, causing crevice corrosion. It has been
noted that these areas may experience more corrosion than on the body of the cylinder®.

A study was conducted at K-25 using metallographic replicas on three cylinders where
the 1.D. nameplate had been located, but was no longer attached to the cylinder.!* The
results of the study found about 35 to 45 mils of accelerated corrosion in this area.!®
The quantity of metal lost from the head of the depleted UF, storage cylinders at this
location should not be detrimental to the integrity of the cylinder.

2.2.e. Bronze valves and plugs

The bronze valves and plugs used in the mild steel depleted UF¢ storage cylinders may
lead to crevice corrosion and/or galvanic corrosion. Moisture could enter between the
threads of a cylinder and the valve (or plug) causing crevice corrosion. "Crevice
corrosion occurring between threaded fittings and pipes is offset by the use of a
compound in the joint or by the use of soldered fittings or by brazing, all of which
prevent liquids from getting into the crevice."® To date, crevice corrosion in this area
has not been reported in the cylinders.

It is difficult to characterize and quantify crevice corrosion around the valves (or plugs)
in the cylinders. A vacuum test on a cylinder may reveal a leaking valve or plug.
However, the leak may be from the valve or. plug itself and not necessarily caused by
crevice corrosion around the threads of the valve or plug.

2.3. Galvanic Corrosion

. Galvanic corrosion occurs when two dissimilar metals are electrically connected in the presence
of a conductive or corrosive solution.”® The metal which is more active (anodic) will corrode
preferentially to the more noble (cathodic) metal. To reduce the effects of galvanic corrosion,
the active metal should be much larger in size than the noble metal. This provides a favorable
area effect. A large anode may not eliminate the effects of the galvanic couple, but the amount
of corrosion may be reduced due to the large anode.

The use of different alloys of mild steel in the 10- and 14-ton mild steel depleted UF, storage
cylinders should have little, if any, galvanic effect. The use of stainless steel cylinder I.D.
nameplates may lead to galvanic corrosion. The use of bronze alloys for the valve and plug in
a cylinder may increase the susceptibility of galvanic corrosion.

Galvanic corrosion does not appear to have a significant effect on the integrity of the 10- and
14-ton mild steel depleted UF; storage cylinders.
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2.3.a. 10- and 14-ton mild steel storage cylinders

Galvanic corrosion does not appear to be a significant problem with the mild steel alloys
used in the depleted UF; storage cylinders. The mild steel used in the manufacturing of
the cylinder shell, heads, stiffening rings, skirt and lifting lugs may have been A285
Grades A, B or C or A516 Grade 55,60,65 or 70. The mild steel used in the cylinders
was changed from A285 to A516 in 1979. A36 or A131 mild steel may have been used
for the stiffening rings.>

There are little differences in the chemical composition and - electrochemical
characteristics of the mild steel alloys used in the cylinders. Although there may have
been some cylinders fabricated using various types and grades of steel, there should be
no galvanic effects between the different steel alloys used in the cylinders.

2.3.b. Stainless steel cylinder identification nameplates

As mentioned above, the stainless steel 1.D. nameplates on the older cylinders are tack
welded at the four corners. The I.D. nameplates used on the newer 48G type cylinders
are welded around the circumference of the nameplate. The use of stainless steel 1.D.
nameplates welded to the head of a cylinder creates an electrical connection between two
dissimilar metals. The stainless steel is a more noble metal than the mild steel used for
the cylinder. This can cause accelerated corrosion of the mild steel due to the galvanic
couple in the presence of an electrolyte.

The loss of metal at the tack weld has resulted in the detachment of the I.D. nameplate
from some of the cylinders.> The large size of the mild steel cylinder (anode) provides
a favorable area effect to the stainless steel, as mentioned above. As with crevice
corrosion, galvanic corrosion from the I.D. nameplate should not create problems with
the integrity of the cylinder. However, the detachment of the I.D. nameplate may
create difficulties in cylinder monitoring and maintaining ASME Code status for the
cylinder.

2.3.c. Tinning of the threads on the valves and plugs

The threads on the one-inch bronze valves and plugs used in the 10- and 14-ton mild steel
depleted UF; storage cylinders are tinned with a thin tin/lead coating.® The type of
solder used has changed over time. The solder used currently is a 50/50 tin/lead solder
which meets ASTM B-32 Alloy 50A specifications.” The solder used on the threads of
the bronze valves and plugs are closely related in the galvanic series.”® There should
be no galvanic effects under normal storage conditions.




The tinning of the threads on the bronze valves and plugs have led to other types of
failures, such as liquid metal embrittlement of the valves. Liquid metal penetrates the
stressed material along the grain boundaries. The material than becomes susceptible to
failure in this weakened area.

A one-inch valve used in a storage cylinder failed in 1985 by liquid metal
embrittlement.'” Solder had penetrated the valve body. This type of failure has not
occurred often in the one-inch valves and plugs used in the 10- and 14-ton mild steel
storage cylinders.

2.3.d. Bronze valves and plugs

A galvanic couple is created between the mild steel cylinders and the bronze alloys used
in the valve and plug. If moisture enters between the mild steel threads of the cylinder
and the tinned bronze threads, the mild steel threads will suffer corrosion. Although a
galvanic couple is present at this location, a favorable area ratio between the cylinder and
the valve and plug may reduce the effects of galvanic corrosion, similar to that found at
the cylinder I.D. nameplate (Section 2.3.b.).

To date, galvanic corrosion of the threads on a cylinder caused by the bronze valve or
plug has not been reported in the 10- and 14-ton mild steel depleted UF, storage
cylinders. .

2.4. Pitting Corrosion

Pitting corrosion is a form of localized attack that results in penetration into the metal.*® Pits
may be small or large. Pits can be isolated or close together, and are difficult to detect and
measure. It is a very destructive type of corrosion.

A corrosion pit results from a unique type of an electrochemical reaction.” For a pit to grow
over time, the base of the pit is anodic and the sides of the pit are cathodic. If there were
several pits on the metal surface, the pits may cathodically protect the rest of the metal surface.’
Damage to the painted surface of the steel cylinder will initiate accelerated corrosion, which may
develop into pitting corrosion. Breaks in the mill scale, which forms during the rolling
operation, have been found to initiate pitting of mild steel in salt water.?

Pitting corrosion is very similar to crevice corrosion.” All systems that have pitting are very
susceptible to crevice corrosion. However, many systems that have crevice corrosion do not
have pitting. Pitting may be a self-initiating form of crevice corrosion. It does not require a
crevice, it creates its own.”
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Pitting may be pronounced at the bottom, or resting surface, of the mild steel cylinders where
the corrosion rate is high and the surface is often wet. A study at K-25 found that pitting in the
cylinders in the vicinity of the support saddles was less than 1/16" (0.0625") deep.*
Metallographic replicas of the surface of corroded cylinders have shown the amount of pitting
at the cylinder/skirt interface and where the 1.D. nameplate had been located.!” The pit depth
on one cylinder was found to be 150 mils (Section 2.2.b.)."”

Pitting may be found along the cylinder/saddle interface, the cylinder/skirt interface, on
cylinders in ground contact and behind the stainless steel I.D. nameplate on the cylinder. These
areas have been discussed previously in Section 2.2. of this report. All of these locations behave
as a crevice where accelerated corrosion occurs. Whether these areas are categorized as crevice
corrosion or pitting corrosion, the primary importance is the identification of these areas as
~locations for accelerated corrosion in the 10- and 14-ton mild steel depleted UF, storage
cylinders.

2.5. Stress Corrosion Cracking

Stress corrosion cracking (SCC) refers to cracking in a material caused by the combination of
a high tensile stress and a corrosive environment.*® The material in question must be susceptible
to SCC in that particular environment. SCC is a delayed failure that may require months or
years to become evident under normal storage conditions.

_For instance, welding of mild steel components generates high internal stresses in the metal near

the weld. If the mild steel was exposed to a corrosive environment, such as a carbonate-
bicarbonate or a caustic solution, mild steel would be susceptible to SCC.. The amount of
cracking tends to increase with increasing service temperature. To reduce the susceptibility of
SCC in welded mild steel components, methods, such as post-weld stress relieving practices, are
used to reduce the amount of internal stresses in the component.

To date, stress corrosion cracking of the mild steel used in the 10- and 14-ton depleted UF;

storage cylinders has not been reported. However, SCC in the bronze one-inch valves used in
the cylinders has occurred.

2.5.a. Packing (Bonnet) nuts

Stress corrosion cracking ¢an occur under ambient conditions and has been identified in
the packing nuts on the bronze one-inch valves used in the 10- and 14-ton mild steel
depleted UF; storage cylinders.**®® SCC has also been seen on the port caps of the
valves.” SCC in valve packing nuts may be caused from inconsistencies in machining,
improper or no stress relieving practice and/or excessive stress while in service. Packing
nuts have failed from SCC while being stored in a storage bin prior to being used in
service.”
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The cylinder plug (CDA Alloy C61300) is stress relieved at 800°F for a minimum of one
hour after machining.> The packing nut for the valve (CDA Alloy C63600) is stress
relieved at 700°F for a minimum of one hour after machining.> A stress relief of the
bronze alloy bar stock prior to machining will not eliminate SCC in the packing nuts.
Stress relieving should be conducted after machining of the packing nuts such that the
residual stresses are reduced from the machining operation.

Some of the failures of the valve packing nuts may have been caused by stress created
from tightening the packing nut. The packing nuts are torqued initially when the cylinder
is filled with depleted UF,. If the valve begins to leak, the packing nut may be
retightened to stop the leak. The torque applied should be a minimum amount required
to stop the leak but shall not exceed 100 ft-1b.> Valves that require more than 100 ft-lb
retorque to stop leakage shall not be heated.?

A laboratory study conducted in 1976 found a torque of 30 ft-lbs will provide an
adequate seal for one-inch valves.” However, after a heating-cooling cycle, the valves
failed a leak test. A torque value of 120 ft-lbs was recommended for one-inch valves
regardless of the valve temperature cycle.” “A study conducted in 1989 on cracked one
inch packing nuts found that 50 to 75 ft-1bs torque will seal the packing assembly.?

The thermal cycling of the 10- and 14-ton mild steel depleted UFg storage cylinders will
cause the Teflon packing rings to relax, thereby lowering the torque required to remove
the packing nut.” The Teflon packing rings found in valves with cracked packing nuts
have been extruded after experiencing multiple heating cycles.?! Extrusion of the Teflon
packing rings has been found in many of the failed one-inch valves used in the cylinders.

2.6. Mechanical Damage -

The 10- and 14-ton mild steel storage cylinders are often damaged inadvertently during routine
handling. Handling of the cylinders can cause damage to the body of the cylinder, as well as
the lifting lugs. Damage to the body of the cylinder may lead eventually to a breach.

2.6.a. Cylinder impingement (dents)

The 10- and 14-ton mild steel depleted UF storage cylinders may have been moved
several times since they ‘were filled originally. Moving the cylinders creates the
possibility of causing inadvertent damage to the cylinders. For instance, lifting lugs of
a cylinder have been found to impinge on adjacent cylinders.>*

The investigation of the 4 breached cylinders at K-25 found that the breaches in two of
the cylinders and one found at PGDP were caused by an impact from a lifting lug of an
adjacent cylinder.” The two breaches discovered at PORTS were caused by mechanical
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damage to the cylinders.”? The report on the breached cylinders stated that the holes in
these cylinders may have taken several years to develop. "The initial small crack in
Cylinder 114951 is believed to have been through-wall (fully penetrating the wall
thickness), allowing the environment to begin hole growth immediately. However, the
initial crack in Cylinder 116797 is believed to have been only partially through-wall,
requiring external corrosion or mechanically-induced crack growth to complete the
through-wall breach."!4

A literature review of the impact strength of the mild steel used in the 10- and 14-ton
depleted UF storage cylinders has been conducted.?® The review was conducted to show
the ductile-to-brittle transition temperatures of the A285 and A516 mild steels used in the
cylinders. The information was to be used to help determine the conditions under which
the cylinders could be moved.

"Because of the poor impact resistance in the trans rolling direction of the thin-wall
cylinder steels, fractures have been encountered due to accidental impact of the lifting’
lugs of an adjacent cylinder near welds and stiffening rings during handling. These
failures were mechanical, not chemical, in origin. However, fractures of this type, if
undetected, can result in the initiation of chemical reactions which, over time, will
produce holes such as those found in the two tails cylinders at PORTS. While external
electrochemical crevice corrosion at a crack that only partially penetrates the wall is
capable of completing the penetration, it is not believed that this was necessary in the two
‘cases under investigation; i.e., the cracks from the impacts completely penetrated the
wall at the time of stacking."? ‘

2.6.b. Lifting lugs

A magnetic particle inspection (MPI) of 510 mild steel depleted UF; storage cylinders
in the late 1980’s and early 1990’s indicated that 24 % (122) of the cylinders examined
had cracks at the lifting lug welds.” The cracks may have been caused by a poor fit
between the lifting lug and stiffening ring on the cylinder and/or improper weld
practices.”

2.6.c. Stiffening rings

During the investigation of the breached cylinders at PORTS, the stiffening rings on the
480 type 14-ton cylinders were found to contain water and were difficult to inspect.?
The 480 type cylinders have a U-channel type stiffening ring. These cylinders have void
areas inside the stiffening rings that cannot be visually inspected. When these "U’
channel stiffening rings are dented or torn by mechanical damage, water may enter and
cause corrosion to occur over time. To date, the amount of corrosion in these cylinders
in not known.
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3.

CONCLUSIONS

A literature review of corrosion in the 10- and 14-ton mild steel depleted UF; storage cylinders
was conducted. The following conclusions can be made from the results of that review.

General external corrosion occurs at a rate of about 1 to 2 mpy (0.001 to 0.002" per
year). A rate of up to about 5 mpy was found in the 48G type cylinders.

Under normal storage conditions, general internal corrosion by the depleted UFj is
negligible.

Crevice corrosion is found along the cylinder/saddle interface due to the retention of
water in this area. The cylinder wall thickness was found to be as low as 0.140" in this
area.

Crevice corrosion is found at the cylinder/skirt interface on the older cylinders that have
a mild steel skirt due to the lack of water drainage in this area. A minimum wall
thickness of 0.200" has been found in this area.

Crevice corrosion occurs at the head of the cylinders behind the stainless steel cylindér
1.D. nameplate. About 35 to 45 mils of accelerated corrosion of the mild steel occurs
behind the nameplate. '

Galvanic corrosion occurs where the stainless steel cylinder I.D. nameplates are tack
welded to the mild steel cylinder. The mild steel corrodes preferentially to the

. nameplate. This may cause the nameplate to become detached from the cylinder, which

may cause difficulties in cylinder identification and monitoring.

Stress corrosion cracking has been found in the packing nuts of the one-inch bronze
valves used in the cylinders. This can be controlled with proper heat treatment practices
and proper assembly procedures.

Routine handling can cause mechanical damage to the cylinders that may lead to a breach
with subsequent accelerated corrosion of the mild steel due to attack from HF and other
UF; hydrolysis by-products.
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